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Abstract—To create products that are both cost effective and
high quality, a majority of software development companies
are following the principles of global software development, or
GSD. One of the most significant and challenging stages of
the agile software development process is requirements change
management (RCM); however, the execution of agile software
development activities is hindered by the geographical distance
between the GSD teams, especially when it comes to agile require-
ments change management (ARCM). The literature claims that,
in a particular context, ARCM can profit from applying Multi-
Criteria Decision-Making (MCDM) techniques. Within the area
of ARCM, an optimal framework can be offered constitutionally,
thus presenting an effective decision-making process that ought
to encourage higher consumer satisfaction with software projects
created in such a way. A methodology for applying the MCDM
method in the ARCM context is presented in this paper. In
particular, we propose a model for investigating the prioritization
of ARCM success factors in the GSD context based on a decision-
making method; namely, the Best-Worst Method (BWM). The
BWM’s ability to solve intricate decision-making problems with
multiple criteria and alternatives is demonstrated by the proposed
model’s findings.
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I. INTRODUCTION

Software development has recently become more glob-
alized, with teams working across borders and cultures to
build sophisticated software systems. As software development
projects expand in size and complexity, project success is
increasingly dependent on managing requirements changes
during the development process. The process of recognizing,
evaluating, and properly handling changes to requirements
during the life cycle of software development is known as
requirements change management (RCM). These changes may
result from a variety of triggers, such as changing stake-
holder requirements, developing technology, changing business
demands, and legal changes. Effective requirements change
management is essential to the software development process,
as it may significantly influence a project’s budget, schedule,
and quality [1]. In particular, RCM in the context of global
software development (GSD) is a crucial aspect of the software
development process, which may assist in guaranteeing that the
project’s budget, schedule, and factors hindering quality are
minimized while efficiently addressing the changing demands
and expectations of stakeholders [2].

The RCM process has become even more difficult as
a result of global software development. Coordinating and

communicating effectively becomes essential for successful
RCM when development teams are dispersed across several
nations, cultures, and time zones. In addition, time zone
variations, technological constraints, and language and cultural
limitations may all make the RCM process more difficult and
raise the possibility of mistakes or incorrect interpretation of
requirements. The obstacles associated with RCM in GSD
emphasize the need for creative and inclusive frameworks in
RCM that make use of a wider variety of technologies and
encompass all necessary RCM activities. To properly handle
the dynamic and constantly changing complexities that are
inherent to GSD, these frameworks should aim to bridge
current gaps, especially in the integration of technology and
the breadth of activities.

The traditional software development process has under-
gone important changes as a result of the growing trend
of global software development. The emphasis on software
development has shifted to remote and heterogeneous envi-
ronments, such as the agile methodology, which has created
significant difficulties for agile development processes when
trying to handle needs changes. It becomes imperative to
implement agile requirements change management (ARCM)
in order to reduce risks and adapt to evolving customer
needs. The discovery, evaluation, assessment, and execution
of proposed requirement changes are made easier through
ARCM. Agile development has grown in popularity, being a
method that may be more flexible and adaptable to changing
customer requirements, which works especially well in GSD
contexts. Notwithstanding agile development, requirements
change management persists as a multifaceted and demanding
activity. Thus, the implementation of an efficient and well-
organized process that can adapt quickly to changing customer
requirements is essential for the successful delivery of products
in the ARCM context.

Within the agile software development process, emphasis
should be placed on practitioner activities, complex documen-
tation development, development tools and processes, contract
negotiation and collaboration with customers, and various
changes when following a certain plan. Nevertheless, in an
agile development environment where the global software
development paradigm is being used, change management is a
challenging task [3]. According to the literature, implementing
global software development has increased the complexity of
the change management process, which is already a challeng-
ing process in single-site environments.

Thus, an appropriate requirements change management
process is significant to ensure successful software develop-
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ment activities. In order to handle the change in requirements,
RCM is a collaborative process that requires coordination
and communication between software developers and cus-
tomers. However, ineffective RCM activity execution can result
in excessive project costs, unstable requirements, and poor
quality. Moreover, RCM typically receives minimal attention,
contributing to the poor success rate of GSD initiatives. The
change management process is made more difficult by the fact
that RCM is a collaborative process, and GSD practitioners
operate across regional borders, thus creating a communication
and coordination gap.

The purpose of this article is to prioritize the factors that
affect the ARCM in GSD projects through examining the
integration of an MCDM-—namely, the BWM—into ARCM
activity in the field of global software development. The BWM
framework is composed of a number of ARCM success factors
that operate as alternatives, which are compared to one another
based on a number of criteria that impact the software project.
These criteria are used to evaluate each ARCM success factor,
and the final prioritization is determined by adding together
the weights of all the factors.

The structure of the remainder of this paper is as follows:
The works related to this study are described in Section II.
The BWM approach is introduced in Section III. The proposed
ARCM success factors and criteria are explained in Section I'V.
The BWM structure used to prioritize the ARCM factors in
GSD is presented in Section V. The findings and discussion are
given in Section VI. Finally, Section VII provides a conclusion
and recommendations for potential further research.

II. RELATED WORK

A model called the Requirements Change Management
Readiness Model (RCMRM) has been proposed by Akbar et
al. [4], in order to evaluate how prepared GSD enterprises are
to handle requirements changes over the course of the software
development life cycle. Critical obstacles in the RCM process
for GSD include language and cultural hurdles, the absence
of in-person meetings, time zone variations, and delays in
responses from abroad sites. According to the authors, low-
quality software products may result from improper require-
ments change management. The RCM procedure may not be
effectively implemented in GSD due to the physical distance
between teams and infrequent information sharing. Through
two rounds of case studies, the RCMRM was validated, and
the authors believe that an organization of any size may handle
its RCM process in the GSD context using the RCMRM, based
on the findings of the case study.

An exploratory study on quality requirements change man-
agement in the context of software development and main-
tenance was presented by Ahmad et al. [5]. In addition to
outlining the difficulties and success factors that software
suppliers, sellers, merchants, and retailers encounter when
trying to manage software quality requirements, the research
also emphasizes the significance of quality change manage-
ment in software development and maintenance. The study
stated 14 primary obstacles to software quality requirement
change management, including inadequate requirements, poor
project management, miscellaneous cultural issues, poor com-
munication and coordination, lack of technology, and lack of

Vol. 15, No. 7, 2024

understanding of requirements. The authors find that managing
software quality requirements changes efficiently is essential
in software development and maintenance, and that ineffective
management of these changes can lead to subpar software or
even project failure.

A model-driven strategy was proposed by Gull et al.
[6] to solve the problem of incompatible requirements in
international software development. Models are used in a
model-driven approach to explain the requirements, design,
and implementation of the system. In addition, to make sys-
tem requirements more comprehensible and straightforward
for developers from different cultures and backgrounds, the
models offer a formal and accurate representation. Blockchain
technology is used by the authors to handle consistency
problems that arise during development. Thus, handling in-
consistent requirements in GSD may be resolved with the help
of the suggested blockchain-oriented model-driven framework.
Moreover, the framework offers a systematic approach for
gathering requirements and managing them, which can aid in
minimizing the cultural and communication barriers that arise
throughout the development process.

A framework for semantic-based component requirements
management in GSD environments, spanning from the map-
ping and linking of requirements to specification, was pre-
sented by Ali et al. [7]. The suggested approach seeks to
address problems with conflicting stakeholder perspectives and
difficulties in collaboration throughout the software develop-
ment life cycle. Aspect-based sentiment analysis is employed
in the suggested framework to perform a semantic analy-
sis of the requirements from the various viewpoints of the
stakeholders. This lessens the ambiguity and incompleteness
of requirements. However, in order to confirm and validate
the requirements, decision tree-based categorization has been
applied to traceability requirements. In order to ensure accurate
requirements management, the framework prioritizes missing
requirements depending on historical information.

Koulecar and Ghimire [8] proposed a comprehensive and
robust model for managing changing requirements within the
GSD paradigm. The model incorporates unique stages and
expands upon current requirements change management frame-
works and models found in the literature. The authors stated
that, due to the extra complexity imposed by GSD projects,
traditional techniques for requirements change management
may not be suitable. Changing requirements is a common
difficulty in the agile software development context. The
authors suggested the presented ARCM model as a solution
to this problem, as it can be easily adapted to various GSD
environments and used in conjunction with agile software
development techniques.

The communication and coordination challenges that arise
during RCM in GSD have been investigated by Qureshi et al.
[9]. The authors proposed a conceptual model that delineates
the variety of communication and coordination obstacles that
arise during RCM in GSD, along with the various factors that
impact them. They also illustrated several approaches and tools
that may be applied to overcome the obstacles and enhance
collaboration and communication. The four main categories of
obstacles that occur during RCM in GSD—namely, communi-
cation, coordination, cultural, and technological challenges—
are highlighted in the suggested conceptual model.
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An improved AZ-Model for RCM in the GSD environment
was presented by Mughal et al. [10]. The improved model is
intended to address issues including inadequate traceability and
monitoring of RCM activities, as well as a lack of collaboration
and communication among project stakeholders. It aids in
the creation of a high-quality product while accomplishing
corporate goals and customer satisfaction. The empirical and
simulation findings show that the required changes are effi-
ciently and successfully managed by the enhanced AZ-Model,
in accordance with the time and cost limitations associated to
GSD.

In order to evaluate and enhance the RCM process maturity
level of GSD enterprises, Akbar et al. [11] have suggested
a new RCM maturity model called the software requirement
change management and implementation maturity model (SR-
CMIMM). The model is composed of five maturity levels,
each of which has a number of critical success elements and
challenges to overcome in order to reach the goal. Additionally,
the model offers best practices to help GSD organizations
to improve their RCM process and reach the appropriate
degree of maturity. Furthermore, the study’s empirical findings
demonstrated that the model is effective for professionals
in the industry and offers them insightful knowledge that
will help them with decision making and managing software
development projects.

Kausar et al. [12] presented a valuable contribution to
the field of RCM and GSD through conducting a systematic
literature review that provides a detailed analysis of various
primary research relevant to RCM problems in GSD. The
highlighted obstacles can assist individuals and organizations
in overcoming these concerns, enhancing the efficiency and
effectiveness of the RCM process in GSD.

Michalski and Zaleski [13] presented a comprehensive
framework to assess the factors that lead to the success of IT
service projects. They determined a number of factors, such
as organizational and people management, project management
procedures, quality of work environment, and stakeholder and
risk management, that affect project performance. The findings
offer valuable insights to IT professionals and project managers
who are involved in managing IT service projects.

Through the use of online surveys, literature studies, and
expert perspectives, Akbar et al. [14] performed an em-
pirical investigation that examines the difficulties associated
with change management activities in the GSD context. The
study’s objective was to give researchers and practitioners a
knowledge foundation that will be useful in the development
of an RCM maturity model, thus facilitating the assessment
and improvement of change management techniques in GSD
contexts. The study’s findings indicated that the RCM process
in GSD contexts may be adversely affected by 31 challenging
factors. These factors include factors related to communication,
coordination, culture, and time zones.

In their model, Tam et al. [15] identified five people-factors
that affect the performance of ongoing agile software develop-
ment projects. Among these, “team capability” and “customer
involvement” are the key factors that make ongoing agile
software development projects successful. Their main objective
was to investigate and evaluate the factors that influence the
performance of ongoing agile software development projects,
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and the goal of the study was to determine the key success
factors (CSFs) that apply to agile projects and how personal
characteristics, social norms, team capability, and customer
participation affect these factors. In addition, a combination of
qualitative and quantitative research methodologies was used
in this study.

Albuquerque et al. [16] examined several agile approaches
used in the process to offer insight into ARCM. This systematic
mapping study contributes significantly to the area of ARCM
through identifying essential elements, noteworthy obstacles,
and research gaps in ARCM. In order to mitigate risks and
guarantee the success of agile projects, stakeholders engaged
in the ARCM process can benefit greatly from the analysis
provided by the authors.

Kamal et al. [17] proposed a model that identifies the
critical success factors for the ARCM process in GSD environ-
ments. Through efficient management of change requirements,
the researchers intended to assist businesses in delivering
software development projects successfully in a globalized
environment. The findings of the study showed that, in the
context of GSD, efficient communication and requirement
traceability are the two most important success factors for the
ARCM process.

Javed et al. [18] emphasized the crucial socio-cultural
distance problems in GSD and proposed effective mitigation
techniques to deal with these obstacles. Preventing miscommu-
nications and guaranteeing the success of GSD initiatives may
be achieved through recognizing the socio-cultural variations
among team members, communicating effectively, building
trust, and being culturally aware. Prioritizing the importance
of several mitigation strategies is performed using the Analyt-
ical Hierarchy Process (AHP) method, in which the mitiga-
tion strategies are viewed as factors and the corresponding
techniques as sub-factors. Using pairwise comparisons, the
mitigation strategies are contrasted. Then, the practitioners can
apply the most relevant and suitable strategy for socio-cultural
distance challenges based on rank order. Furthermore, Akbar et
al. [19] investigated the adoption of AHP in prioritizing RCM
challenges in the GSD context. Four primary categories—
organizational management, team, technology, and process—
were used in the study to map out and identify 25 challenging
factors.

Kamal et al. [20] identified the success factors of ARCM
and prioritized them for successful implementation in GSD
projects. In order to rank the identified success factors, the
authors employed a mixed-method strategy that incorporates
questionnaire surveys, case studies, interviews, action research,
grounded theory, and the AHP. Moreover, 21 ARCM success
factors were found in the study, which were divided into six
categories—process, people, project, technology, quality, and
communication—the most important of which being process.
Using the AHP, the authors determined the following five
success factors as the top five: dynamic decision-making,
management and leadership support, ongoing coordination
and communication, comprehensively managed changes, and
stakeholder collaboration.

Akbar et al. [21] investigated the success factors, chal-
lenges, and practices of adopting DevOps techniques. The goal
of the study was to identify and rank these factors in order
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to suggest practical and efficient methods for enterprises to
implement DevOps successfully. This study included a system-
atic literature review (SLR) as part of its research approach,
along with a quantitative analysis of the factors found using the
Fuzzy Analytic Hierarchy Process (FAHP). The investigation
outlined 25 practices, 17 obstacles, and 23 crucial success
factors for the implementation of DevOps. It was discovered
that factors such as “automation” and “team collaboration” are
essential for a successful DevOps deployment. Similar to this,
challenges like “lack of skillset” and “cultural resistance to
change” were noted as major obstacles that might prevent the
implementation of DevOps.

III. THE BEST-WORST METHOD

The Best-Worst Method, also known as the BWM, was
introduced by Rezaei [22] as a decision-making approach that
distinguishes the best (generally positive or significant) or
worst (least significant) criteria. In contrast to techniques such
as the AHP and Analytic Network Process (ANP), the BWM
has an easier-to-use fundamental scale, fewer comparisons,
and steadier judgments. As a result, it has gained the trust of
researchers in various disciplines and is widely recognized as
a reliable and attractive approach. The BWM helps decision-
makers to determine the weights for criteria through making
pairwise comparisons based on each of the two criteria (best
and worst) and other criteria. Afterward, a minimax problem is
solved to establish the criteria weights. Although prioritization
in BWM has been shown to be sensible, it can be improved to
account for the uncertainty of decision-makers. Two vectors
of comparison, the best-to-other criteria and other criteria-
to-worst, are equally important in BWM, and the decision-
maker’s confidence in the best-to-others and others-to-worst
judgments is treated as equally important. Furthermore, the
BWM assumes that decision-makers must be completely con-
vinced of the best and worst criteria, along with the corre-
sponding pairwise comparisons. To obtain their judgments,
decision-makers utilize the AHP fundamental scale introduced
by Saaty [23], as shown in Table I. As a result, the BWM
is an efficient and trustworthy technique that can aid decision-
makers in making better decisions through identifying the most
critical criteria.

TABLE I. FUNDAMENTAL SCALE [23]

Value  Level of Importance
1 Equal importance

2 Weak or slight

3 Moderate importance
4 Moderate plus

5 Strong importance
6 Strong plus

7 Very strong

8

9

Very, very strong
Extreme importance

Pairwise comparisons are employed in the BWM in a
manner similar to that in the AHP and ANP; however, the
BWM has recently gained in popularity as it is a more suc-
cessful approach in some aspects. In comparison to the AHP,
the BWM necessitates less pairwise comparisons. Moreover,
decision-makers find the BWM to be less complicated when
comparing pairs, as they simply need to complete the up part
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of the pairwise comparison and do not need to use the 1-9
scale’s reciprocal, which makes measurements simpler.

The use of the BWM in software development has been
studied by a number of researchers. For example, Aljuhani
[24] investigated the adoption of the BWM in order to select
the appropriate software requirements elicitation technique. In
addition, the authors in [25] employed the BWM in the context
of cloud computing environments in order to rank several
service providers, resources, and tasks. To prioritize many
activities and manage resource allocation in cloud computing,
Alhubaishy and Aljuhani [26] studied the use of the BWM.
Furthermore, Aljuhani and Alhubaishy [27] adopted the BWM
in the development of Mobile-D in order to identify nine
insertion places where its implementation might help to resolve
divergent viewpoints within the team.

A. Steps of BWM

As stated by Rezaei [22], there are five primary steps in
the BWM, which are as follows:

Step 1. The first step of the BWM involves specifying the
decision criteria {cy, ca, ..., ¢, } for the proposed solutions or
alternatives.

Step 2. The second step of the BWM involves the decision-
makers specifying the best and worst criteria without making
any comparisons. In this step, the decision-makers are required
to identify the most significant (best) and least significant
(worst) criteria.

Step 3. The third step of the BWM involves making
pairwise comparisons for the other criteria with respect to
the best criterion. In this step, a series of judgments are
made by the decision-makers based on the proposed funda-
mental scale shown in Table I. The outcome vector Agp =
(aB1,aB2, ..., apy) is determined, where a g; reflects the com-
parison of criterion j concerning the best criterion B.

Step 4. This step involves making pairwise comparisons
of the other criteria in relation to the worst criterion. Similar
to the third step, a series of judgments are made by the
decision-makers in this step, based on the proposed funda-
mental scale shown in Table I. The outcome vector Ay =
(a1w, aow, ..., anpw ) is determined, where aiy, reflects the
comparison of criterion j concerning the worst criterion W.
The worst criterion serves as the reference point, and the
decision-makers need to compare the other criteria with it.

Step 5. The fifth and final step of the BWM involves
determining the optimal weights for the criteria. In this step,
the optimal weights wsq, wxs, ..., wk, are determined based
on the criteria. These weights must satisfy the constraints
wp/wj = apj and w;/w,, = a;, for each pair wg/w; and
w; /wy, where wp is the weight of the best criterion, w; is
the weight of criterion j, and w,, is the weight of the worst
criterion [22].

The optimal weights are obtained by solving a minimax
problem, where the maximum absolute differences between
WB _ g5l and |24 — q.,,| should be reduced in order to
w; J Wap J
meet these conditions for every criterion.
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This gives rise to the following problem:

Wi s
Wy Jw

min max; { “5)—? —aBj’ ,
S.t.
> wi=1
J
w; > 0, for all j (D

Problem 1 can be transformed to the following problem as
a result:

min &

S.t.
s apj;| < ¢, forall j
wj
‘wj — | <&, forall j
Wy

D wy=1

J
w; > 0, for all j 2)

Solving problem 2, we derive the ideal weights and &£*.

Additionally, the following problem is solved to determine
the consistency ratio:

é‘*

Consistency Index

Consistency Ratio =

As stated in [22], the consistency index is contingent upon
the number of criteria incorporated in the decision-making
problem. However, as the comparisons would be deemed
inconsistent otherwise, the consistency ratio value should be
less than 0.10. The BWM steps are diagrammatically presented
in Fig. 1.

IV. PROPOSED CRITERIA FOR RANKING SUCCESS
FACTORS

Determining the efficacy and efficiency of a decision-
making process requires careful consideration of the deter-
mination criteria that should be specified for the proposed
alternatives or solutions. The criteria must be relevant to the
problem at hand and should significantly affect the suggested
solutions. For the purpose of choosing the best set of criteria to
fit the proposed decision problem, the decision-makers must be
clear about their aims and objectives. As it is the cornerstone of
the whole decision-making process, the effective identification
of the appropriate decision criteria is therefore crucial. Thus,
this study utilizes six criteria—derived from [19], [17], and
[20]—to assist decision-makers in ranking the success factors.
The studied criteria are as follows:

e Integration (C1)
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Start

Determine all criteria that affect the ranking of
success factors

Determine the most important criterion (The best)

-

Determine the most undesirable criterion (The worst)

vy

h 4

~

In pairwise comparisons, experts assess the most
important criterion over all others and all other criteria
above the least desired criterion as:

AB = (aB1, aB2, ..., aBn)

AW = (alW, a2w, ..., anW )

h 4

Calculate the optimal weight for each criterion using
mathematical model.

CR < 0.01

Determine the final ranking of all success factors based
on all weighted criteria

Fig. 1. BWM steps to rank ARCM success factors.

e  Communication (C2)
e  Project Administration (C3)
e  Human Resources (C4)
e  Technology Factors (C5)
e  Time (C6)
V. BWM STRUCTURE FOR RANKING ARCM SUCCESS
FACTORS

The BWM framework for ranking the success factors (SF)
has three distinct levels, in the same manner as the ANP and
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AHP. The first level outlines the purpose of using the BWM
which, in this case, is ranking the success factors. The selection
criteria, which are explained in the preceding part, are covered
in the second level. The third stage consists of the alternatives,
which are the different success factors (SF) that are compared
to determine the overall ranking and weights of all SFs based
on various criteria. According to the literature, there are several
SFs that can affect the RCM process in GSD; nevertheless, in
this article, nine SFs that have an impact on the RCM process
are chosen and evaluated in the BWM model [19], [17], as
follows:

e  Allocation resources at GSD sites (SF1)

e  Requirements traceability (SF2)

e  Communication, coordination, and control (SF3)

e  Geographical distributed change control block (SF4)
e  Effective share of information (SF5)

e  Skilled human resources (SF6)

e RCM process awareness (SF7)

e Roles and responsibilities (SF8)

e Guarantee a quick response between geographically
dispersed GSD teams (SF9)

The BWM structure for ranking ARCM success factors is
visually represented in Fig. 2.

A. BWM Model Evaluation Based on Experts’ Opinions

The aim of this study is to investigate how the BWM can
be used to prioritize the ARCM success criteria in the context
of GSD. The case study methodology is used to address two
research questions: 1) How can the BWM be useful in ranking
the ARCM success factors within the GSD domain, and 2)
how does the adoption of the BWM affect the communication
and productivity of team members during the development
process? These questions provide the basis for the proposed
units of analysis in this study. In addition to the BWM expert
judgments in ranking the ARCM success factors, two units
of analysis that are suitable for application are prioritizing
and evaluating. To emphasize the capabilities and advantages
of the BWM, criteria that influence the prioritization of the
ARCM success factors were identified as a first step in
the assessment process. The data-gathering technique was a
questionnaire issued to domain experts, who served as the data
source. Moreover, to assign a weight to each criterion in the
model, the experts were asked to assess the proposed criteria.
As indicated in Table II, the experts employed the BWM
procedures to identify the best criterion and then performed a
pairwise comparison to evaluate the criterion’s weight relative
to all other criteria. Table II presents a pairwise comparison
wherein the C4 criterion is 8, 2, 3, 3, and 4 times more
significant than the corresponding C1, C2, C3, C5, and C6
criteria, respectively.

After that, a comparison among the selected criteria is
made with respect to the worst criterion, which is the inte-
gration (C1) criterion in this case. As shown in Table III, five
criteria were given preference over Cl1; for instance, C4 had
an extreme significance over the C1 criterion.
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TABLE II. PAIRWISE COMPARISON OF HUMAN RESOURCES (C4)
CRITERION WITH RESPECT TO OTHER CRITERIA

[ Best to Others | C1 [ C2 [ C3 [ C4 [ C5 ] Cé6 |
l c4 [8[2[3 [T [3 4]

TABLE III. PAIRWISE COMPARISON OF CRITERIA WITH RESPECT TO C1
CRITERION

Others to the Worst  C1

C2 6
C3 5
C4 8
C5 4
C6 5

VI. RESULTS AND DISCUSSION

The judgments on the adoption of the BWM were com-
puted using the Solver Linear BWM. According to the com-
bined outcome derived from domain experts, C4 was deemed
the most significant attribute when it came to determining the
order of importance for the success factors. Meanwhile, Cl
was shown to be the least significant criterion. Among the
proposed criteria, C2 was ranked second, followed by C3,
C5, and C6, respectively. Table IV displays the aggregate
weights of all the criteria. Moreover, the consistency ratio of
the criteria aggregated weights was 0.071, which is less than
0.01, indicating that the result of this judgment was consistent
(as stated previously in the BWM steps).

TABLE IV. THE AGGREGATE WEIGHTS OF ALL THE CRITERIA

Ranking Criteria Weights (%)
1 C4 35.71%
2 Cc2 21.42%
3 C5 14.29%
4 C3 14.27%
5 C6 10.71%
6 Cl 3.57%

Furthermore, based on the BWM, SF3 was evaluated as
the most important alternative. The findings also exhibit that
SF6 was ranked in the second position, followed by SFS5.
Meanwhile, SF4 was ranked as the least significant factor.
Moreover, SF2 was ranked in the fourth position, followed
by SF8 and SF1, respectively. Furthermore, SF7 was ranked
in the seventh position, followed by SF9. Table V illustrates
the final weights for each success factor.

TABLE V. THE IMPORTANCE OF ARCM SUCCESS FACTORS

Ranking  Criteria ~ Weights (%)
1 SF3 26.66%
2 SF6 15.39%
3 SF5 15.31%
4 SF2 10.34%
5 SF8 10.12%
6 SF1 7.67%
7 SF7 6.14%
8 SF9 5.11%
9 SF4 3.23%

Several benefits were addressed by the domain experts
with respect to the presented framework. The development
team found it easier to tackle complicated and unstructured
problems due to the BWM’s power. Furthermore, each member
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criteria

Goal - Ranking ARCM success factors

Ct c2 C3

Alternatives

SF1 SF2 SF3 SF4

SF5 SF6 SF7 SF8 SF9

Fig. 2. BWM Structure for ranking ARCM success factors.

was able to contribute to the decision-making process through
drawing on their individual experiences, according to the
way in which the technique is structured. This guarantees a
high degree of contentment among the development teams,
which may show in the quality of the project. Considering a
number of factors that influence the decision-making process,
the BWM facilitates decision-making. Furthermore, the BWM
helps managers or team members grasp the most important
variables and criteria to take into consideration while prioritiz-
ing the success factors. For each paired comparison, the BWM
yielded extremely consistent results for the consistency ratio
value. The consistency ratio in this study was 0.071 for the
criteria overall weights and 0.040 for the success factor overall
weights, both below the maximum acceptable consistency ratio
of 0.10. As indicated by Tables IV and V, these results validate
the feasibility of the framework through demonstrating how
the BWM may be utilized to prioritize the ARCM success
factors. For spontaneous decision crises not addressed by an
existing model, the BWM can be used. It should be noted that
this includes the expense of incorporating the BWM into the
ARCM success factors.

VII. CONCLUSION AND FUTURE WORK

The growing tendency toward GSD prompted us to in-
vestigate the factors that may have a beneficial effect on the
activities in the ARCM process. Six critical criteria and nine
success factors were identified in this study, considering their
effects on the success of ARCM activities within the context
of GSD. Further, in order to integrate the agile development
process within the framework of GSD and execute RCM activ-
ities, the BWM method was adopted to rank the investigated
factors according to their significance. The execution of agile
software development activities is hindered by the spread of
GSD teams, especially when it comes to requirements change
management. The avoidance of these issues may be achieved

by giving priority to the success factors. The findings showed
that, at the criteria level, C4 (Human resources) was ranked
as the most significant criterion (weight = 35.71%). Moreover,
SF3 (Communication, coordination, and control), SF6 (Skilled
human resources), SF5 (Effective sharing of information), and
SF2 (Requirements traceability) were deemed to be the most
important ARCM process success factors within the context
of GSD. Industry practitioners may benefit from this study’s
results through adoption of the high-priority success elements
for the effective execution of ARCM activities in the context
of GSD.

Furthermore, the results of the study demonstrated the
effectiveness of the BWM in resolving complex problems in
less time than comparable methods such as the AHP and
ANP. The AHP requires n(n — 1)/2 comparisons (where n
is the number of variables in the model), while the introduced
technique requires only 2n—3 comparisons. Another benefit of
using the BWM in this study is that the structure and flexibility
of ARCM success factor prioritization were enhanced through
the adoption of a defined decision-making method.

To improve the accuracy of its outputs in the future, the
BWM can be combined with other methods; for example, it
may be used with a fuzzy set to improve the ways in which
subjective judgments and item roughness are handled when
assessing the model’s elements. Another potential work in
the future would be to develop an automated BWM tool that
complies with the prioritization of ARCM success factors and
its standards.
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