IEEE Access

Multidisciplinary : Rapid Review : Open Access Journal

Received 29 December 2024, accepted 28 January 2025, date of publication 5 February 2025, date of current version 24 February 2025.

Digital Object Identifier 10.1109/ACCESS.2025.3539357

== survey

Enhancing Agile Software Development:
A Systematic Literature Review of
Requirement Prioritization and
Reprioritization Techniques

NOSHIN TASNEEM ~, HAZURA BINTI ZULZALIL ", AND SAADAH HASSAN

Department of Software Engineering and Information System, Faculty of Computer Science and Information Technology, Universiti Putra Malaysia, Serdang
43400, Malaysia

Corresponding author: Hazura Binti Zulzalil (hazura@upm.edu.my)

This work was supported in part by Universiti Putra Malaysia (UPM).

ABSTRACT Agile software development places great importance on requirement prioritization and
reprioritization, which allow teams to concentrate on providing the most beneficial features to satisfy
stakeholders. Most systematic review articles on prioritization techniques focus on traditional methods and
ignore recent approaches that use artificial intelligence (AI). Additionally, there is a notable scarcity of
literature addressing the neglected domain of reprioritisation and a lack of review papers analyzing semi-
automated approaches. To fill this gap, this systematic literature review includes an in-depth review of newly
developed Al-based and semi-automated techniques, in addition to widely used traditional prioritization
methods. This study analyzed 76 primary studies from five credible electronic databases (Springer Link,
IEEE Xplore, Scopus, Science Direct, and ACM Digital Library) to address six selected research questions.
This literature review paper is unique in that it covers conventional approaches, reprioritization techniques,
and Al-based and semi-automated techniques in a single review, which has not been done in previous
papers. The findings highlight the strength and weakness of each technique. This review also identifies
the most commonly used prioritization techniques in agile software development and the key challenges in
requirement prioritization. Future research opportunities in the field of reprioritization are revealed by the
gaps identified in the literature. This research contributes to enhancing the agility and effectiveness of agile
software development (ASD).

INDEX TERMS Agile software development, Al-based approaches, fuzzy logic, machine learning, opti-
mization, prioritization techniques, requirement prioritization, reprioritization, semi-automated approaches,
systematic review.

I. INTRODUCTION

Requirement Engineering (RE) is one of the most important
components of software engineering and involves system-
atic elicitation, analysis, prioritization, and documentation of
stakeholder requirements. It is aligned with the client’s expec-
tations while dealing with contextual factors and managing
changing requirements efficiently [1], [2], [3]. RE consists of
several processes, including requirement prioritization (RP),
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which helps to perform informed decision making to help
software teams meet the needs of stakeholders within time,
cost, and technological constraints [4], [5], [6]. RP plays
an important role in delivering valuable features, with better
resource allocation and project success [7], [8].

Agile methodologies have gained popularity in soft-
ware engineering owing to their emphasis on client col-
laboration, incremental delivery, and responsiveness to
change [9], [10]. Scrum and extreme programming (XP)
have become common methods because they success-
fully integrate requirement prioritization into development
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processes [11], [12], [13]. Researchers and practitioners
greatly appreciate RP in agile requirement engineering,
which is motivated by business value and active customer
interaction [14], [15].

RP is an important process in agile software development,
but it has hurdles. Managing various stakeholder expecta-
tions and project timelines to align priorities to business
objectives is a perennial challenge. While business value is
frequently used as the primary criterion, studies recommend
combining additional criteria, such as developer perspectives,
cost, and requirement interdependencies, to improve decision
making [16], [17], [18].

Another challenge in requirement prioritization (RP) is
choosing the best technique from a variety of possibili-
ties, which is determined by the project context, stakeholder
understanding, and the relevance of criteria at different
phases [19], [20], [21], [22]. The literature identifies a wide
range of conventional techniques for improving the accu-
racy, efficiency, dependability, and conflict resolution in
requirement prioritization (RP). Commonly used methods
include The analytical hierarchy process (AHP), MoSCoW,
cost-value ranking, cumulative voting, planning game (PG),
kano model, numerical assignment, binary search tree (BST),
bubble sort, value-oriented prioritization (VOP), quality func-
tional deployment (QFD), and wieger’s method [21], [23],
[24], [25], [26]. Each of these techniques has advantages
and disadvantages, making it appropriate for a variety of
situations. However, no single approach is always advanta-
geous because technique selection is significantly influenced
by the project’s environment and requirements [8], [23],
[27]. While conventional techniques, such as AHP and
CV are trustworthy and widely used, they lack scalabil-
ity and become inefficient with increasing requirements.
Techniques such as the Kano model, cost value ranking, plan-
ning game, and pairwise comparisons also face scalability
issues [28]. Dot voting, planning poker, and QFD require
low effort [24], [29]. Cumulative voting and planning game
are less complex. Binary search trees, minimal spanning
trees, and priority groups are reliable, fault-tolerant, and
user-friendly [30]. Current requirement prioritization tech-
niques still suffer from various issues such as limited scal-
ability, ambiguity, uncertainty, complexities in application,
high computational costs, and absence of automation [2],
[29], [31].

A pressing issue in requirements engineering is the
inherently dynamic nature of the requirements, which are
frequently altered, added, or postponed. Although repriori-
tisation is an important aspect of dealing with this kind
of change, it is still relatively underexplored in agile con-
texts [2], [19]. Current research and industry practices have
revealed significant inefficiencies in requirement reprioriti-
zation techniques, resulting in poor resource reallocation,
dissatisfied customers, project delays, and interruptions. This
emphasizes the urgent need to develop dynamic repriori-
tisation techniques that can respond to changing project
requirements [32], [33], [34].
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Artificial intelligence (Al)-based techniques, such as fuzzy
logic, machine learning, and optimization, can help over-
come some constraints of requirement prioritization [2], [31],
[35]. Although such techniques provide enhanced scalability
and efficiency, no single Al-based technique can resolve
all the complex challenges found in RP. Fuzzy logic is
known for its scalability, but requires accuracy improve-
ments, whereas optimization approaches are precise but slow
for large requirement sets. Machine learning offers scal-
able solutions, but may lack accuracy in minimizing the
disagreements [2].

The majority of software requirement prioritization is done
manually, which is both resource-intensive and unproduc-
tive, particularly for large projects. This lack of automation
causes delays, greater expenses, and increased risk [36],
[37]. Reliance on professional expertise frequently leads to
biased evaluations, compromising the quality of prioritization
and overall project performance. Semi-automated meth-
ods use both manual and automated processes to improve
requirement prioritization by considering aspects such as
importance, time, cost, and risk [38], [39], [40].

This study is motivated by the growing acceptance of agile
approaches in the software industry as well as the impor-
tance of effective RP in iterative development, continuing
feedback, and flexibility [21], [24], [41]. Existing systematic
studies on prioritization techniques generally concentrate on
traditional methods, ignoring newer Al-based strategies and
the critical features of reprioritization. Additionally, there is
a scarcity of studies on semi-automated approaches. This
review study attempts to fill these gaps by conducting an
in-depth review of traditional, Al-based, and semi-automated
prioritization techniques as well as reprioritization strategies.
It also highlights the most commonly used techniques in agile
software development and addresses the prevalent challenges
in requirement prioritization. This study highlights the need
for dynamic reprioritization strategies to react efficiently to
changing project conditions while addressing stakeholder
needs.

The remainder of the paper is organized as follows:
Section II describes the research methodology; Section III
presents the research findings; Section IV explains the impli-
cations of the findings for research and practice; Section V
clarifies threats to validity; Section VI shares directions for
future work; and Section VII concludes the study.

Il. RESEARCH METHODOLOGY

In accordance with Kitchenham and Charters’ guidance, this
study uses a systematic literature review methodology to
examine requirement prioritization and reprioritization tech-
niques in agile software development (ASD ) [42]. It is
important to conduct a well-organized study that adheres to
norms, rules, and systematic methodologies [43].

The SLR process comprises three fundamental compo-
nents, which are regarded as essential principles for conduct-
ing a dependable research endeavor: (1) planning process,
(2) conducting process, and (3) reporting process. Each
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component included additional nested activities, as delin-
eated in the accompanying diagram (Fig. 1).

Research questions were formulated to guide this review.
Keywords were selected to find relevant papers, and the inclu-
sion, exclusion, and quality criteria ensured the selection of
high-standard primary studies. Data from these studies were
extracted and synthesized to address these questions.

This research methodology acts as a framework for
answering the selected research questions. The components
of the systematic literature review (SLR) protocol process
shown in Fig. 1 are described in the following subsections.

[ SLR Protocol Process ]

Identifying the
Research Questions

Formulating
Review Protocol

< Planning Process

Identifying
Inclusion and
Exclusion Criteria

Generating Search

— Strings and

Selecting Relevant
Studies

Selecting Primary
Studies

< Conducting Process >

Quality Assessment

Data Extraction and
Synthesis

< Reporting Process

Writing Review
Renort

FIGURE 1. SLR protocol process.

The next section consists of the planning, conducting
research, and reporting processes.

A. PLANNING PROCESS

The first phase and the most important phase is the planning
phase, which included formulating the research questions,
establishing a review protocol, and determining the inclusion
and exclusion criteria. The PICOC strategy was used to struc-
ture the research questions and develop a protocol.

1) RESEARCH QUESTIONS

This research explores techniques for requirement priori-
tization, including reprioritization and Al-based and semi-
automated approaches. The goal of this study was to
determine which agile prioritization techniques are most fre-
quently utilized, as well as the difficulties that arise from
handling requirement changes and the current issues with
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requirement prioritization in agile software development.
In addition, this study addressed the need for reprioritization
techniques. To accomplish this goal, six research questions
were developed. In this review article, we applied our pro-
tocol to identify the maximum number of relevant studies to
appropriately respond to the research questions. Table 1 lists
these six research questions.

TABLE 1. Research questions.

No. Research Question

RQ1 Which requirement prioritization techniques are
the most commonly used in agile software
development?

RQ2 What are the existing challenges associated with
requirement prioritization in agile software
development?

RQ3 What are the Al based approaches in requirement
prioritization?

RQ4 Which semi-automated approaches are currently
available for requirement prioritization?

RQ5 Why reprioritization is important within agile
software development?

RQ6 What are the available reprioritization techniques?

2) FORMULATING REVIEW PROTOCOL

To reduce study bias, Kitchenham and Charters [42], along
with Kitchenham [44], developed a protocol for conducting
systematic reviews. These protocols ensure consistency and
transparency in research, reduce omissions, and enhance the
reliability.

The steps of the review protocol were clarified through the
following processes: (i) developing the research questions,
(i1) formulating a search strategy, (iii) developing standards
and guidelines for choosing studies, (iv) developing protocols
for assessing quality, (v) carrying out a plan for data extrac-
tion, and (vi) synthesizing the extracted data. The review
procedure is illustrated in Fig. 2.

3) INCLUSION AND EXCLUSION CRITERIA

It is essential to use inclusion and exclusion criteria to
ensure that the chosen studies are pertinent to the research
questions and fulfil the goals of the systematic literature
review. Numerous research publications including books,
journals, conference papers, workshop proceedings, sympo-
sium papers, and other research items were found during the
search process. Using this approach, the review was guaran-
teed to contain only relevant quality studies.

Research articles in English, including books, conference
proceedings, and journals that dealt with requirement prior-
itization and reprioritization in agile software development
(ASD), were included in the search. Additionally, articles
published between 2000 and 2024 were included to capture
the evolution of requirement prioritization from Agile Man-
ifesto (2001) [9] to modern Al-driven methods. Excluded
studies were those that were less than four pages in length,
published in languages other than English, or unrelated to
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FIGURE 2. Review protocol stages.

the subject. Table 2 summarizes the inclusion and exclusion
criteria.

TABLE 2. Inclusion and exclusion criteria.

Exclusion Criteria
Articles not published in the
English language

Inclusion Criteria
The articles were required to
be in English and published

Articles discussing | Articles not  discussing
requirements prioritization | requirement  prioritization
techniques techniques

Articles published from | Articles below 2000

2000 to 2024 to capture the
evolution from Agile to Al-
based techniques

Articles that aligns to the
research questions

Unrelated articles to the
research questions

The articles that are four
pages or longer

The article less than 4 pages

B. CONDUCTING PROCESS

After the planning phase, the next most important phase
of the SLR protocol is the conducting process. It includes
several stages to ensure the unbiased gathering of relevant
studies. Following the establishment of the protocol during
the planning stage, the conducting step began with a review.
This stage included establishing the search strategy, conduct-
ing the research selection process, selecting primary studies,
and evaluating the quality of these studies. The following
subsection describes all stages of the conducting process.

1) SEARCH STRATEGY
Developing and implementing a successful search strategy
are critical steps in conducting systematic literature reviews.
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This requires careful planning and control because it is
time-consuming and prone to errors. Therefore, a system-
atic approach is needed to design, impose, and test suitable
search strategies that allow efficient retrieval of relevant
literature from digital databases [45]. Numerous sources,
including books, journals, and conference papers, were found
by employing search strings and key terms specific to the
research question. To ensure the selection of reliable and
unbiased studies, the findings were further filtered using pre-
cise inclusion and exclusion criteria. This approach provides
a strong foundation for detailed analysis and synthesis.

a: SEARCH STRING

The correct identification of search strings is a critical stage
that determines the effectiveness of gathering all potentially
relevant research in our field. We followed the guidelines
given by Kitchenham and Charters [42] and the procedures
by Kitchenham [44] for creating search strings. The meth-
ods they provide involve identifying the most important
terms from the research questions and searching through
acronyms and alternative spellings for each key term. We then
apply the “AND” and “OR” Boolean operators. The oper-
ators “AND” and “OR” are used to associate important
phrases and synonyms, abbreviations, and alternative terms,
respectively.

Key terms must be incorporated to obtain the final search
strings. First, we decided which terms from our research
questions were important for inclusion in our search string.
Next, we collected synonyms and related terms that are fre-
quently used in requirement prioritization and agile software
development. We considered other names for the algorithms
to ensure that all pertinent Al strategies were covered.
We then used Boolean operators, such as “AND”” and “OR,”
to combine these terms into search strings so that a more
in-depth analysis could be performed.

The following terms are the identified key terms for our
study:[(““Software Requirements” OR ““User Story Require-
ments”’) AND (““Prioritization Techniques” OR “‘Prioritiza-
tion Approaches” OR “Ranking Strategy”’) AND (“Agile
Software Development” OR “ASD”’) AND (*“Challenges”
OR “Issues” OR “Limitations”) AND (Semi-automated
Approaches” OR “‘Semi-automated Techniques”) AND
(““AI Based Approaches” OR “Fuzzy Logic” OR “Machine
Learning” OR “Optimization” OR “Deep Learning” OR
“Neural Network”) AND (‘“‘Reprioritization Techniques”
OR “‘Reprioritization Approaches”) AND (“Requirement
Change” OR “Change Management”)].

These are possible combinations of keywords used to gen-
erate the search strings. These were useful for collecting all
possible relevant literature to answer the research questions.

b: RESEARCH RESOURCES

Choosing the right databases is vital for efficient SLR.
Researchers want to locate resources that are relevant to
their topic, publicly available, and have maximum studies.
It is essential to note that a few databases may require pre-
cise search techniques owing to their precise search engine
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structure and grammar. For example, the search on Sci-
enceDirect is limited to eight search operators (such as “OR”
or “AND”). Search phrases were split into separate searches
if they had more than eight operators.

We adopted a two-step approach to search for relevant
studies. First, we conducted an automated search of five
online databases: IEEE Xplore, Springer Link, Scopus, Sci-
ence Direct, and the ACM Digital Library. The databases used
are listed in Table 3.

TABLE 3. Online databases.

Database Name URL
IEEE Xplore https://ieeexplore.ieee.org
Springer Link https://link.springer.com
Science Direct https://www.sciencedirect.com
Scopus https://www.scopus.com
ACM Digital Library https://dl.acm.org

Second, we performed a manual search using a
backward-forward search method to identify additional rele-
vant studies based on references referred to in the preliminary
set of studies [46]. We also used Google Scholar to identify
studies that referred to the selected primary studies.

2) STUDY SELECTION PROCESS
The preliminary search yielded a preliminary listing of
4317 studies from five online databases. We only consid-
ered journals and conference papers in the selection process.
Multiple filtering and depuration stages were applied to
4317 studies. We followed the guidelines of Kitchenham
and Charters [42] and the procedures of Kitchenham [44]
to select relevant studies. First, we applied the inclusion
and exclusion criteria illustrated in Table 2 and obtained
2985 filtered studies. Second, we eliminated duplicate studies
that were discovered in numerous databases throughout the
search process using the mendeley reference manager and
obtained 2766 studies. Third, 530 studies were obtained after
considering and assessing the titles and abstracts and whether
they were relevant to the research questions. In the fourth
step, to obtain the expected set of primary studies, full-text
screening was conducted. Finally, 67 primary studies were
included. To bring our research to date, a journal article with
two duplicates must be included, instead of a conference
paper. Next, to identify any missing publications, we used
a snowballing search approach to follow the citations and
references of a subset of research. This resulted in the inclu-
sion of 13 articles in the first iteration. The 13 articles were
examined again in the second iteration to determine if there
were any more missing articles. Therefore, 80 primary studies
were included in this analysis. Ultimately, four papers were
eliminated after assessing the quality of the chosen primary
studies. The research selection procedure is illustrated in
Fig. 3.

The final number of primary studies included 76.
Appendix A presents the selected primary studies.
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FIGURE 3. Study selection process.

3) QUALITY ASSESSMENT

Quality assessment is an important part of conducting a sys-
tematic literature review (SLR) to ensure the reliability and
validity of the findings. Several key criteria were used to
assess the quality of the studies. We followed the guidelines
of Kitchenham and Charters [42] to establish the quality
assessment checklist, as shown in Table 4. Three levels were
used to measure the study quality: high, medium, and low.
Subsequently, answers to each question were divided into
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three categories. Number 1 in the first category denotes a
complete and unambiguous fulfilment of the quality require-
ments. Number 0 in the second category denotes that the
item does not satisfy any of the specified quality assessment
criteria. Number 0.5 in the last category denotes only partially
meets the specified conditions.

TABLE 4. Quality assessment checklist.

QAID Quality checklist questions

QA1 Are the research aims and objectives seem to be
well-defined?

QA2 Is the research design well-defined?

QA3 Does the study concentrate on the related
domains of RQs?

QA4 Does the researcher present sufficient evidence
to support their findings and conclusions?

QAS Does the publication source have a high impact
factor or reputation in the field?

The scores for the five criteria were gathered for quality
evaluation after applying the assessment criteria. The quality
evaluation established a range of three levels. A high level is
indicated by a range of scores between 4.5 and 5.0, a medium
level by a range of scores between 3.5 and 4.0, and a low
level by a range of scores between 2.5 and 3.0. The majority
of the scores were high, while four studies were disqualified
for failing to meet the requirements. The distribution of the
selected 76 primary studies is shown in Fig. 4, following the
application of the quality criteria for the three levels.

low -5
Medium - 13
High [N - -:

0 20 40 60 80
number of primary studies

FIGURE 4. Study quality assessment levels.

The findings of the primary study quality assessment cri-
teria are explained in Appendix B.

C. REPORTING PROCESS

The final phase of this systematic review was the reporting
process. To conduct a thorough study, this involves extracting
and synthesizing data that are in line with the research ques-
tions. The findings were compared and combined to uncover
the trends, patterns, and gaps. From selection to synthesis,
each step of the procedure was recorded to guarantee relia-
bility and credibility.
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1) DATA EXTRACTION

The data extraction phase of this systematic literature review
focused on systematically gathering relevant information
from 76 primary studies. The purpose was to answer the
research questions properly and obtain insights into require-
ment prioritization and reprioritization approaches in agile
software development. The extracted items, with small
descriptions, are listed in Table 5.

TABLE 5. Data extracted items of the primary studies.

Data extracted
item

Description

Study ID A unique identifier for each study

Title The title of the study

Authors Authors name

Year The year of publication.

Publication type | The name of the journal or conference
where the study was published

Research type Indicates whether the study is empirical
(based on experiments or observations) or
theoretical.

Techniques The specific techniques used for
requirement prioritization or
reprioritization in the study

Key findings The main findings of the study

Advantages and

Advantages or benefits of the technique

challenges and challenges or limitations of the
technique

Tools or | Any specific tools or methods used in the

methods used study for prioritization or reprioritization

Evaluation Metrics used to evaluate the techniques or

metrics methods

Study quality A score reflecting the quality of the study

based on predefined criteria.
Notes Any additional notes or comments
relevant to the study.

These phases were assessed according to guidelines.
We thoroughly assessed every study to extract specific
information such as publication year, authors, journal or con-
ference, and title. Furthermore, to understand the nature of
the study, we sorted the research according to the theoretical
or empirical data. Techniques for prioritizing requirements
were reviewed for their applicability, noting both their ben-
efits and drawbacks. To guarantee a thorough assessment,
each study was graded according to the quality criteria.
This phase identified trends, patterns, and research gaps,
offering insights into the evolution of prioritization tech-
niques. By documenting and analyzing the data, we provided
actionable recommendations to enhance the agile software
development processes.

2) DATA SYNTHESIS

This systematic literature review synthesizes data on require-
ment prioritization and reprioritization techniques for agile
software development. It categorizes 76 primary studies
into manual, Al-based, and semi-automated approaches, and
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analyzes popular methods. Documenting instances from the
research, the synthesis also identifies current challenges
related to requirement prioritization in agile. Al-based tech-
niques, focusing on fuzzy logic, optimization, and machine
learning, were evaluated alongside semi-automated sys-
tems that combine algorithms with human judgement. The
importance of reprioritization was identified, and the avail-
able reprioritization techniques were documented. Finally,
all findings are synthesized into a coherent narrative, key
insights are summarized, and gaps in the current research that
point to future study directions are highlighted.

Ill. RESULTS

This section provides the outcomes of the review aimed at
addressing the research questions outlined in Table 1. The
final 76 primary studies used to answer these questions were
narrowed down after applying the stated general and quality
criteria, marking the end of the research process, followed by
the synthesis and reporting of the final data.

A. RQ1) WHICH REQUIREMENT PRIORITIZATION
TECHNIQUES ARE THE MOST COMMONLY USED

IN AGILE SOFTWARE DEVELOPMENT?

The aim of this research was to identify the most used
requirement prioritization techniques for ASD among the
vast number of available techniques. An in-depth literature
review was conducted to identify relevant studies and work
aiding in the identification of commonly used requirement
prioritization techniques in agile.

A study involving a focus group of knowledge experts
and industry practitioners found that business value is the
most popular factor for prioritizing agile requirements. The
MoSCoW method is the most commonly used prioritization
strategy, followed by the Kano Model and Cost-Value Rank-
ing, according to that study [S3]. Analytical hierarchy process
(AHP), cumulative voting (CV), planning game (PG), qual-
ity functional deployment (QFD), binary search tree (BST),
and cost value approach (CVA) are techniques often used in
agile requirement prioritization [S17]. Compared with other
methods, AHP is the most frequently used and cited method.
Because AHP can accurately estimate requirement matches,
it can provide more reliable priority results. AHP, QFD, and
BST were slow priorities, whereas kano, CV, MoSCoW, VOP,
and PG were the fastest. Less effortful methods include QFD,
planning pokers, and dot voting [S7], [S24]. Table 6 lists the
most commonly used requirement prioritization techniques
for agile software development (ASD). Each technique is
listed along with the references that have cited or mentioned
them. The techniques included in the table are widely rec-
ognized within the agile community for their effectiveness
in managing and prioritizing requirements. Fig. 5 graphically
represents the number of references or frequencies for each
technique mentioned in Table 6, providing a visual overview
of their popularity and usage trends.

From the above table, it is clear that MoSCoW is the most
commonly used technique and obtains the highest citation
over the other techniques, indicating its wide use. The second
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TABLE 6. Most used user story requirement prioritization technique in
ASD.

Techniques Study ID

MoSCoW S3, 87, S8, S12, S13, S14, S24, S28,
540, S69.

AHP S7, S8, S12, S13, S17, S24,
S27, S28, S29

Cumulative Voting S3,87, 812, S13, S17, S24,
S27, 528

Kano Model S3, S14, S17, S24, S40

Cost-Value Ranking S3, S8, S12, S13, S24, S27,

S64

The planning game S8, S12, S13, S24, S27, S29,
S64, S69

Pair Wise Analysis S7,S12, S13, S24, S27, S28,
S69

Value Oriented S8, 512, 513, S17, S24

Prioritization

Wiegers Prioritization S8, S12, S13, S27, S69

The numerical assignment S12, S13, S14, S28, S29, S64

Binary Search Tree S12, S13, S24, $28, S29, S50,

S69
Quality Functional S7, S24, S69
Deployment
" 12
2 10
5 8
5 6
T 4
1
5 2 I
=~ O
o I N T P S R
= %(P\ ?:2‘ «\0\& \“Qb &\v a;"& (S w_\\o 4?\& & Q&g@ S &
E & S STE TS SS
3 FEFFTEFTI IS
B h & &
& R I &
S

Technique Name

FIGURE 5. Number of references for the most used requirement
prioritization techniques in ASD.

most cited technique is the analytic hierarchy process (AHP).
It is a highly regarded pairwise comparison procedure that is
well-suited for intricate decision-making. It is also the most
reliable technique; however, because of its complexity, slow
calculations, and scalability issues, MoSCoW has become
the most popular. Cumulative Voting (CV) and the Planning
Game (PG) were also highly referenced, each appearing in
eight studies. The next most notable techniques are cost-
value ranking, pairwise analysis, and binary search trees.
Other techniques, such as the kano model, value-oriented pri-
oritization, wieger prioritization, and numerical assignment,
have moderate citations with five to six references each.
Quality Functional Deployment (QFD) is less frequently
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mentioned, although it is still known for its organized and
scenario-specific applications. This distribution demonstrates
the differing popularity and adoption of these techniques in
agile prioritization.

Now, we will discuss each technique with a focus on its
practical implementation, especially in agile environments,
if found in the literature, the results achieved, and its benefits
and drawbacks. After a brief description, a comparison of
these techniques is presented in Table 7. We also attempted
to demonstrate the strengths and weaknesses of the most
commonly used techniques, as shown in Table 8.

1) MoSCoW

MoSCoW is widely used in agile software development
approaches, such as scrum, rapid application development
(RAD), and dynamic system development methods (DSDM)
[47]. According to a survey, MoSCoW is the most widely
used prioritization technique among agile practitioners and
experts in Malaysia [28]. One study employed the MoSCoW
method to prioritize important modules in ERP system
implementation to increase operational efficiency and ensure
the timely delivery of vital features, despite the fact that
dependency management and priority conflicts are problem-
atic [48]. While pointing out its shortcomings in terms of
reacting to dynamic project changes, another study showed
how it may be used in agile frameworks for organized require-
ments prioritizing and successfully coordinating project
outputs with business objectives [49]. According to a case
study, the MoSCoW method outperformed AHP for priori-
tization tasks in a fuzzy environment [50].

2) AHP

Several Agile environments have adopted the analytic hierar-
chy process (AHP) to methodically handle prioritizing issues.
In global agile projects, vendor reliability is prioritized by
aligning factors, such as quality and cost, thereby enhancing
project outcomes [51]. Fuzzy AHP optimizes cost overhead
variables for resource efficiency in dynamic agile environ-
ments [52]. It also addressed communication and dependency
management challenges in distributed agile teams, improved
coordination, and focused on high-value deliverables [53].
Compared to alternative prioritization techniques, AHP has
been shown to yield the most trustworthy results, provid-
ing dependable frameworks for decision-making in agile
projects [54]. AHP reduces bias and clarifies decisions; how-
ever, it has scalability problems and finds it difficult to adjust
to rapid changes in agile projects [52], [54].

3) CUMULATIVE VOTING

In Agile, Cumulative Voting (CV) provides a simple and
effective way to prioritize requirements, which makes it
perfect for making decisions quickly throughout the iter-
ations [28]. Its practical application in prioritizing criteria
for a student finance system is illustrated through a case
study, which highlights advantages such as speed and user-
friendliness. There are still issues such as the possibility of

33000

tactical voting and the complexity of handling larger sets of
requirements [55].

4) KANO MODEL

The Kano model works especially well in agile software
development when customer preferences are the only thing
taken into account [56]. A practical implementation involves
visualizing Kano results using TreeMaps to aid understand-
ing and decision-making [57]. Better—worse coefficients
obtained from the Kano surveys were used in a different
approach to measure customer satisfaction [58]. New service
development is another real-world application, but it is not
agile [59]. The principles of this application can be adapted
to agile contexts. The Kano model successfully classifies
requirements according to how they affect customer satisfac-
tion; it may lack precise quantitative prioritization, potentially
requiring integration with other methods [29], [58], [60].
Its combination with Analytic Hierarchy Process provides
a useful application, resolving Kano’s limitation of lacking
precise quantitative prioritization [61].

5) COST-VALUE RANKING

Cost-value ranking is a good fit for agile because it maintains
a balance between cost and value. When taking consumer
preferences, time, and business value into account, cost value
ranking is beneficial [56]. In a web development project,
OurRank, a practical implementation, successfully collected
and mapped benefit and cost criteria in a corporate set-
ting using a structured five-step method to combine cost
and value into requirement prioritization [62]. A review
highlights how cost-value ranking addresses customer value
and implementation costs [63]. Cost-value ranking balances
cost and value in agile, fostering stakeholder alignment but
struggles with scalability, interdependencies, and subjective
estimations [56].

6) PLANNING GAME

In the context of ASD, the PG approach is mostly used
in software-planning processes [64]. The Planning Game,
which is an agile software development methodology, is a key
practice in Extreme Programming [12]. Requirements were
prioritized through sorting and ranking in controlled tests as
part of a real-world application of the Planning Game (PG).
The findings indicated that PG was less time-consuming
and more user-friendly than pairwise comparisons; however,
accuracy did not significantly differ [65]. However, it has
scalability issues, and can be affected by subjective customer
feedback [56], [65].

7) PAIR WISE ANALYSIS

This method focuses on comparing requirements in pairs to
determine their relative importance, enabling product owners
and stakeholders to make informed decisions regarding fea-
ture prioritization [60]. Pairwise comparisons were evaluated
in conjunction with various prioritization techniques, includ-
ing planning game and tool-supported pairwise comparisons,
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in a real-world application. The findings demonstrated that
tool-supported pairwise comparisons were the quickest and
easiest to use, comparable to the planning game, whereas
manual pairwise comparisons were the least user-friendly and
time-consuming [65].

8) VALUE ORIENTED PRIORITIZATION

In agile terms, VOP is a favourable choice for practitioners
because of its focus on business value and customer prefer-
ences [56]. In a case study, a small company implemented
VOP, improving communication, and aligning development
with business values [66]. A study comparing six prioriti-
zation techniques ranked VOP as the best based on criteria,
such as accuracy and ease of use [67]. VOP is useful for
coordinating development with business objectives; however,
because of its potential complexity and the possibility of
neglecting requirement dependencies, it may not be appro-
priate for larger projects [29], [66].

9) WIEGERS PRIORITIZATION

Agile’s emphasis on value-effort balance is in line with
Wiegers’ approach, which ranks requirements according to
value, cost, and risk [68], [69]. A real-world implementation
in a Finnish company’s transportation systems development
project demonstrated its use in systematically prioritizing
change requests but faced challenges such as unclear cri-
teria and subjective inputs [70]. Using fuzzy logic, another
study suggested improving these methods by translating the
evaluation criteria into language variables [71]. Although the
results of both examples demonstrated improved decision-
making support, their shortcomings include their complexity
and dependence on subjective judgement [70], [71].

10) THE NUMERICAL ASSIGNMENT

Numerical Assignment is a simple and fast requirement prior-
itization technique suited for medium-sized datasets [27]. In a
comparative study, the Numerical Assignment Technique was
evaluated using a multi-criteria decision-making approach.
The Numerical Assignment Technique is simple and acces-
sible to stakeholders with varying expertise; however, its
lack of accuracy and scalability makes it less effective for
complex projects [67]. An enhanced version, the Extensive
Numerical Assignment (ENA), addresses uncertainty using
probability distributions and grade intervals. A case study
on an examination system showed improved prioritization
accuracy and stakeholder satisfaction, but added complexity
and relied on subjective input [72].

11) BINARY SEARCH TREE

A Binary Search Tree (BST) is more effective for manag-
ing large datasets that need to be ranked and sorted with
fewer comparisons [37], [73]. A real-world implementation
of BST was found in an agile-based e-governance project to
prioritize software requirements by importance and cost using
multi-voting. Although effective for systematic prioritization,
it struggles with scalability and manages dependencies [74].
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Another practical use of BST is to prioritize geographi-
cally distributed stakeholder (GDS) requirements, addressing
regional needs such as power resilience, but facing challenges
of complexity and bias [75].

12) QUALITY FUNCTIONAL DEPLOYMENT

QFD is particularly well suited for agile development when
meeting client preferences is the main priority [56]. The
practical implementation of QFD in an agile project was
found in the development of the TimeTrak app. The QFD
tracked functionality, optimized resource allocation, and pri-
oritized user stories. Although controlling task correlations
is still a problem, the results demonstrated improved sprint
planning [76]. In banking Enterprise Resource Planning
(ERP) projects, QFD is also practically used in agile RP
to formulate client needs and prioritize agility enablers and
success factors. Although it had time and complexity issues,
it enhanced organizational and IT infrastructure prioritiza-
tion [77]. Overall, QFD improves decision-making efficiency
by coordinating development with customer needs; however,
when used in large systems, it encounters scalability and
complexity issues [56].

After understanding all the techniques mentioned in the
literature, we compared them using different factors, such as
scalability, complexity, and time consumption. The compari-
son is presented in Table 7. We also determined the strengths
and weaknesses of the techniques mentioned in the literature,
and summarized them in Table 8.

In Tables 7 and 8, we compare the most used requirement
prioritization techniques in ASD, as well as their strengths
and weaknesses. From the table, it is clear that MoSCoW
is scalable and simple, making it easy to understand and
implement. However, one of its limitations is that it does not
grade within different requirement categories, which makes
it difficult to assess the relative significance of different
elements. Another popular method, AHP, produces reliable
results and for being able resolves conflicting problems.
However, it is time-consuming, particularly for projects with
many requirements, and is not scalable. Although methods
such as cumulative voting and the kano model have been
praised for their speed and user-friendliness, they are crit-
icized for their limited application scenarios and inability
to manage various criteria. Additionally, techniques such as
cost value ranking and wieger prioritization are noteworthy
for merging cost and business value assessments; however,
their limitations arise from their complexity and challenges
in controlling internal dependencies.

The planning game is easy to use and fast, balancing busi-
ness value, development cost, and technical risk. However,
it cannot handle a large number of requirements. Value-
oriented prioritization and pairwise analysis involve making
more subjective decisions. While value-oriented prioritiza-
tion considers business value but ignores interdependencies
and is not appropriate for larger projects, pairwise prioriti-
zation is based on expert opinion, which makes it quick but
inconsistent and unscalable. Quality functional deployment
(QFD) and the Kano model focus on customer preference.
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TABLE 7. Comparison among the most used requirement prioritization technique in ASD using different factors.
Technique Scalability Difficulty Level Measurement Time Required Focus Area
Scale

MoSCoW Scalable Very simple Nominal Faster Business benefits

AHP Non Scalable Highly Complex Ratio Very Slow Penalties,Strategic
Importance,

Cumulative Non Scalable Simple Ratio Faster Customer

Voting importance

Kano Model Non Scalable Simple N/A Faster Customer
preferences

Cost value Non Scalable Moderately Ordinal Faster Customer

Ranking Complex importance

Planning Game | Non Scalable Simple Ordinal Faster Development cost,
Business value,
Technical risk

Pair Wise Non Scalable Moderately Ordinal Faster Expert judgements

Analysis Complex

Value Oriented | Non Scalable Moderately Ratio Faster Business value

Prioritization Complex

Wiegers Scalable Moderately Ratio Moderate Business value,

Prioritization Complex Delay costs

Numerical Scalable Simple Ordinal Faster Customer

Assignment importance

Binary Search Scalable Simple Ordinal Slow N/A

Tree

Quality Non Scalable Moderately Ordinal Slow Voice of the customer

Functional Complex

Deployment

Whereas QFD effectively captures the ‘“voice of the cus-
tomer,” it is not scalable or consistent. The kano model,
on the other hand, is fast and concentrates on ‘“Trustwor-
thiness,” but it is confined to effect analysis. Numerical
assignment is scalable and straightforward; it also focuses
on customer importance but lacks adaptability to internal
failures. The binary search tree is scalable and easy, offering
quick responses even for numerous requirements. However,
it only provides an ordinal ranking without assigning priority
values. This informs which requirement is important, but the
degree of importance cannot be obtained from the BST.

Each technique has unique strengths and weaknesses,
which make it suitable for different scales and circumstances,
highlighting a balance between ease of use, scalability, and
depth of prioritization. A team can choose the best tech-
nique according to the requirements of a particular project
by having a clear understanding of the uniqueness of these
techniques.

B. RQ2) WHAT ARE THE EXISTING CHALLENGES
ASSOCIATED WITH REQUIREMENT PRIORITIZATION IN
AGILE SOFTWARE DEVELOPMENT?

Agile software development has a high success rate because
of its advantages and potential, particularly for smaller
projects. Requirement engineering (RE) is important because
“Requirements” are an essential part of any software devel-
opment life cycle. Agile offers advantages to customers’
business demands, changing requirements, and interactions.
Nevertheless, it also presents problems, many of which are
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tied to requirement-related issues [78]. Although a satis-
factory number of studies have been conducted on agile
development and adoption, there is a lack of research on
the challenges encountered in RP when using agile software.
After identifying this gap, we chose this research question
to identify the challenges of requirement prioritization in
agile. After analyzing all available literature relevant to this
research question, we identified six major challenges, which
are presented in Table 9 with the references where these chal-
lenges are mentioned, and Fig. 6 visualizes these challenges
with the number of citations.
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FIGURE 6. Visual representation of challenges associated with
requirement prioritization in ASD.

The given challenges are the most mentioned in different
studies on agile RP. From Table 9 and Figure 6, we can
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TABLE 8. Strength and weakness of the most used requirement prioritization technique in ASD.

Technique Strength

Weakness

requirements

MoSCoW It is reliable, easier to understand, and | Lack of grading within different categories is the
requires less effort. It can handle a lot of | main issue. It is challenging to determine which
various circumstances, easily adaptable and | COULD or SHOULD requirements be more
also able to accommodate a wide range of | crucial than others. Better suited for a product with

a lesser customer base

AHP Capability of resolving conflicting objectives | Time-consuming when there are more
and offer a trustworthy outcome

requirements and lack of scalability makes larger
projects challenging

modelis  the  fastest
prioritize requirements

Cumulative Voting Easy to use Not suitable for large number of requirements and
cannot evaluate how different the requirements
are in terms of relative priority.

Kano Model Kano is more focused on what the client | Itis limited to application in effect analysis. It isn't

requires in terms of "Trustworthiness." Kano | for making suggestions for new product features,
approach  to | which can be challenging to implement

implementation

Cost Value Ranking Ability to integrate the evaluations of the | Managing interdependencies becomes more

requirements' cost and  value for | computationally complex as the number of

requirements rises and also not scalable. Lack of
flexibility =~ and  inability = to  maintain
communication amongst many partners in order to
maintain coordination

Planning Game It is a better modification of numerical | Cannot handle large number of requirements
computation. It is easy to use and consume
less time to prioritization process

foundation for decisions

Pair Wise Analysis Expert judgement is necessary to match the | It is possible to unpair particular requirements.
criteria. The comparison criteria for the | Time-consuming, not scalable, complex, and
options can stay informal,
participants' experiences to serve as the

allowing | provide inconsistent outcomes

organization's  business
consideration

Value Oriented Prioritization The prioritization  process
value into | larger projects. The computation method ignores

takes the | Ignores the dependence of requirements ,unfit for

necessary conditions

Wiegers prioritization It offers a comprehensive approach aligned | Complex to wuse and overlook internal
with business value dependencies

Numerical Assignment Easy to use, minimal complexity combined Low level of adaptation to internal failure
with quick speed .Can handle requirements
of large scale

Binary Search Tree BST could respond quickly even while BST just ranks requirements in a straightforward

handling lots of requirements.

manner without assigning any priority values.
BST indicates which requirement is more
beneficial, but it is impossible to determine how
essential that requirement is, therefore the
comparison is just ordinal

the customer”

Quality Functional Deployment QFD is an organised approach for gathering | Mostly used in small systems, limited in terms of
customer demands and known as "voice of | scalability and consistency

see that the most cited challenges are continuous require-
ment changes. The change-accepting nature of agile makes
it difficult to maintain a stable prioritization list, disturb-
ing the development process, and the second most cited
challenge is scalability. However, most existing techniques
suffer from these problems when dealing with an increas-
ing number of requirements. The limited consideration of
non-functional requirements (NFR) and stakeholder collab-
oration and communication are the next most mentioned

VOLUME 13, 2025

challenges. Non-functional requirements frequently receive
less attention than functional requirements, lowering the
overall software quality, and misaligned stakeholder perspec-
tives can lead to miscommunication and disagreements. Rank
updates are the next challenge that needs to be addressed in
ASD requirement prioritization. Priorities in the Agile must
be regularly updated to reflect evolving project objectives
and stakeholder demands. Agile requirement prioritization
also involves managing dependencies and interdependencies
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TABLE 9. Challenges associated with requirement prioritization in ASD.

Challenges Study ID

Scalability S15, S17, S24, S25, S27, S41, S50
Concerns

Continuous S15, S17, S24, S27, S30, S41, S44,
Requirements S45,S51, S67

Change

Limited S1, S8, S9, S17, S41, S45

Consideration  of
Non-Functional
Requirements
(NFR)
Stakeholder
Collaboration and
Communication
Rank Updates
Handling
Dependencies and
Interdependencies

S17, 831, S41, S45, S50, S52

S15, S46, S50, S56
S15, 817, 857

among requirements, as changes to one can significantly
impact others.

For better understanding these challenges are discussed in
following subsection.

1) SCALIBILITY CONCERNS

Scalability problems are caused by an inability to handle a
large number of requirements. Scalability is currently one of
the primary issues in most RP approaches [60]. Scalability
is an important consideration in the prioritization process,
because most industrial projects now have a large number of
requirements [60], [79]. A study on 108 existing Requirement
Prioritization (RP) techniques revealed that 93% of these
techniques poorly handle the scalability issue, while only
7% are successful in addressing it effectively [79]. Numer-
ous factors, such as the volume of comparisons, absence of
automation, and total reliance on human labor, can lead to
scalability issues [37], [60], [79]. In the majority of the cur-
rently available techniques, including bubble sorting, AHP,
and pairwise comparison techniques, one of the typical meth-
ods for conducting the RP process is a comparison of the
relative priority between pairs of requirements, resulting in
a total of n(n-1)/2 comparisons [80]. As requirements grow,
the workload increases exponentially, making prioritization
inefficient and prone to human error [60]. The majority of
RP techniques currently in use rely on human intervention
to prioritize the process. This dependency not only makes
the process time-consuming but also risks inaccuracies, espe-
cially in large-scale projects [36]. Without automation and
intelligence, the current RP approaches struggle to handle
hundreds or thousands of criteria effectively.

2) CONTINIOUS REQUIREMENT CHANGE

In Agile, requirements often change or arise unexpectedly,
making adaptability essential. Frequent changes can compli-
cate testing, delay iterations, and extend deadlines even for
experienced teams [32], [81], [82]. From Table 9, we can
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clearly see that the most mentioned challenge in ASD
is handling requirement changes. The literature only par-
tially addresses requirement changes in agile development,
emphasizing the importance of academic and industry col-
laboration [83]. Existing prioritization techniques may not
fully capture the agility required to accommodate frequent
changes in requirements and priorities throughout the project
lifecycle. The literature lacks prioritization methods that can
handle continuous requirement changes. Case studies con-
ducted with software development organizations highlight
a challenging scenario within the software industry. These
findings underscore a situation in which a limited number of
individuals within an industry comprehend the significance
of changing priorities [84]. However, there is a lack of estab-
lished techniques and processes for effectively managing and
adapting to these changing priorities. Dealing with these
constant changes requires an ongoing and adaptive approach
to ensure that the project remains aligned with the evolving
priorities.

3) LIMITED CONSIDERATION OF NON-FUNCTIONAL
REQUIREMENTS(NFR)

Non-functional requirements (NFRs) are frequently noted as
a challenge in agile projects, as agile techniques tend to pri-
oritize the incremental delivery of functional features while
ignoring NFRs. However, little research has been conducted,
especially on requirements engineering approaches in agile
development that handle NFRs [85].

Non-functional requirements (NFRs) are frequently over-
looked in agile development because of the emphasis on
providing functional features in fewer iterations. Both devel-
opers and customers value functionality over NFRs, and
Agile practitioners frequently underestimate their signifi-
cance. Ignoring NFRs from the beginning can result in
errors, project failures, and increased costs in terms of time,
resources, and maintenance [86].

Although NFR-related issues are often discussed, the find-
ings indicate that practitioners acknowledge the value of
NFRs in agile projects and that the success rate of agile
projects is higher than that of plan-driven initiatives. This
suggests that practitioners in real-world agile projects should
set up appropriate agile procedures that allow them to suc-
cessfully capture NFRs and subsequently produce software
that satisfies these requirements [87].

4) STAKEHOLDER COLLABORATION AND COMMUNICATION
Prioritizing user stories in agile development necessitates
thorough stakeholder analysis to determine their impact,
significance, and overall value. Agile teams use in-person
informal communication to align goals, share experiences,
and plan actions. Unlike traditional development, agile pro-
motes continuous communication and interaction between
stakeholders and the development team. Effective stake-
holder selection is essential for prioritizing requirements,
ensuring that they understand customer desires, possess
agile knowledge, and engage in open communication and
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collaboration [64]. Most prioritization strategies fail to enable
effective communication and collaboration among stake-
holders, which is essential for goal alignment and proper
requirement prioritization in agile development [60].

Agile requirement prioritization poses significant chal-
lenges for stakeholder collaboration and communication
because different stakeholders bring different and sometimes
contradictory opinions to the discussion. This may result in
costly delays, overspending, or unsatisfactory project com-
pletion. However, in the real world of project work, involving
different stakeholders, conflicts are bound to arise occasion-
ally [88]. Resolving these challenges is essential to aligning
stakeholder expectations and achieving successful project
outcomes.

5) RANK UPDATES

A rank update refers to the continuous prioritization capabil-
ity of a technique, allowing it to automatically adjust ranks
whenever a new requirement is added or an existing require-
ment is removed from the list. [§9]. A change in requirements
is the cause of this situation. Consequently, at any time a
requirement is added to or removed from the rank list, the
prioritization methods that are currently in use are unable to
update or reflect the rank status. This is crucial because the
procedures for selection and decision making cannot function
without iterations. Therefore, a prioritization approach that
allows rank updates is required. This limitation appears to
have affected most of the techniques currently used.

6) HANDLING DEPENDENCIES AND INTERDEPENDENCIES
Requirement interdependencies are significant challenges in
agile requirement prioritization. Dependencies are formed
when one requirement has an impact on another, resulting
in sequential linkages that must be handled carefully. Inter-
dependencies involve several interconnected requirements,
adding complexity, because most requirements cannot be
addressed alone and have a considerable influence on one
another [90]. Requirement interdependencies have an impact
on software development because they influence decisions
and actions, and perhaps generate unexpected consequences
for other requirements. This can lead to a considerable
increase in implementation costs [91], [92].

Agile software development often overlooks the manage-
ment of requirement interdependencies, primarily because
of project simplicity. However, as projects grow and their
requirements are executed in stages, resolving interdependen-
cies becomes increasingly important. Ignoring them threatens
a project’s success and imposes unexpected expenses. Cur-
rent Agile approaches do not provide significant assistance
for managing interdependencies, underlining the need for
additional studies to enhance this area [93].

The above mentioned challenges in requirement prioriti-
zation can reduce the effectiveness and efficiency of agile
software development. Larger or distributed teams find it
more difficult to manage requirements owing to scalability
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issues, and ongoing requirement changes necessitate an
adaptable and flexible technique for prioritizing require-
ments. A lack of attention has been paid to non-functional
requirements that reduce the quality of software products. For
continued success, strong stakeholder collaboration and com-
munication are essential but difficult to maintain. Adjusting
the priority rankings in response to project modifications and
managing interdependencies and dependencies introduces
additional layers of complexity. Researchers may focus on
improving the requirement prioritization techniques of agile
software development by addressing these challenges, which
will ultimately result in better software products and more
successful project results for ASD.

C. RQ3) WHAT ARE THE AI-BASED APPROACHES IN
REQUIREMENT PRIORITIZATION?
Al is already in use across a wide range of industries, most
notably computer engineering. Al approaches have been
increasingly used in RE in the past few years to automate
and enhance the requirements engineering process [94]. The
main advantages of Al techniques are that they expedite
decision-making, solve complex problems, improve overall
performance, automate a wide range of tasks, and provide
value prediction by creating models based on past data [31].
Artificial Intelligence (AI) techniques have experienced
exponential development in their utilization in recent years.
Requirement prioritization has been revolutionized by arti-
ficial intelligence (AI). Current techniques for prioritizing
requirements involve considerable human effort and have
several limitations, including overlapping results and issues
with scalability, time consumption, and inaccuracy. Some
of these issues can be resolved using artificial intelligence
techniques and algorithms [2]. Several Al-based techniques
for prioritizing requirements have been developed using
fuzzy logic, machine learning, and optimization-based algo-
rithms [2], [3], [31].
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15 13
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Machine  Optimization
learning algorithm

Number of techniques

Fuzzy logic
m Al based approaches

FIGURE 7. Al based approaches in requirement prioritization.

In this research question, we explored the available
Al-based approaches for RP. We divide these approaches
into three categories. These approaches are based on
fuzzy logic, RP techniques that use machine learning, and
optimization-based approaches. The following subsection
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explores all the available techniques under these categories. TABLE 10. Fuzzy based approaches for requirement prioritization.

The number of approaches for each category is shown in ISIt)“dy Technique Name | Description
Flg. 7. . . . S18 URPCalc The proposed techniques
After applying our search strategies to determine the is designed for
requirement prioritization techniques under these three cat- automating  the  user
egories, we found 37 primary studies. Among them, 18 tech- requirements
- i . prioritization and uses
niques are based on fuzzy logic,6 techniques are based on fuzzy logic
machine learning, and the remaining 13 techniques are based S19 Volatile This study develop a
on optimization algorithms Requirement method for prioritizing
’ Prioritization: A | requirements while
Fuzzy Based considering their
1) FUZZY LOGIC-BASED APPROACHES Approach changeability  utilizing
. . . fuzzy approach
Fuz.zy .loglc was f}r.st proposed by Zadeh in 1965 [95].. Fuzzy $20 Prioritization And | A fuzzy system 1o
logic is a scientific method to deal with uncertainty by Partial  Selection | improve the accuracy of
converting confusing concepts into mathematical solutions. (PAPS) Pfior?lzanog_l . and
. . e selection while reducing
It solves ambiguous problems and t?nables e>.(act definitions of the negative cffects of
phrases such as low cost, high quality, and high progress [96]. disregarding  security
Fuzzy logic simplifies the control theory and addresses com- requirements
. . . . S32 A Fuzzy Set-Based | The goal of this proposed
plex real-world problems using computational intelligence. . e
L ot X X Approach for the | approach is to prioritize
The application of fuzzy logic in software engineering spans Prioritization ~ of | the stakeholders based on
effort estimation, project similarity, development, evaluation, Stakeholders the  importance  of
evolution, and requirement engineering [97]. software  requirements
. . using fuzzy set based
The techniques we find based on fuzzy based approaches approach.
are represent in Table 10. S33 Fuzzy MoSCoW A software requirement
In the following subsections, we summarize each tech- prioritization  method
. . . . . . using fuzzy based
nique after analyzing the primary studies mentioned in MoSCoW .
Table 10. S34 Adaptive Fuzzy The objective of
Hierarchical Adaptive Fuzzy
Cumulative Voting Hierarchical Cumulative
a: URPCalc[S18] Voting (AFHCV) is to
URPCalc is a requirement prioritization technique that uses exPa?tlj the coverage of
. . . . possible events at runtime
fuzzy approaches for time series foref:astlng. .ThIS method by integrating an adaptive
can assist product managers in choosing requirements that mechanism ~ with  the
will be important to users in the future for upcoming product current Fuzzy
releases. It incorporates data from several sources, including Hierarchical Cumulative
. . . Voting (FHCV)
helpdesk systems and user reviews, to predict changes in technique
requirement relevance, reduce workload, and improve cus- S35 Fuzzy Approach to | This study offers an
tomer satisfaction. Although it reduces human mistakes and Prioritize Usability | original framework that
. . . Requirements emphasises using fuzzy
constantly adjusts to new data, its dependency on input qual- Conflicts logic to map the qualities
ity and complicated external system integration are notable of  the usability
limitations. requirements to  the
linguistic assessment
provided by the users
b: VOLATILE REQUIREMENT PRIORITIZATION: A
FUZZY-BASED APPROACH [S19] S42 Approach to The study uses fuzzy
) ] ) o Prioritize the rules to give an entirely
This article suggests a fuzzy-based requirement prioritisa- Requirements Using | new multilevel quality
tion strategy for managing changing requirements across the Fuzzy Logic based  insightful
. . prerequisites requirement
software. .development'l'lfecycle. The athprs defined that elicitation technique.
detectability, dependability, and changeability were the three
most important criteria for rating the volatile requirements. S46 Fuzzy multi-criteria | The fuzzy multicriteria
The approach, which was implemented in MATLAB, was decision making decision-making .
) . approach (FMCDM) approach is
evaluated using a case study of a web-based MIS project, used in this study to
showing that it can handle frequent changes in requirements provide an improved
more accurately and adaptably than the conventional meth- method for - prioritising
. . requirements for software
OdS..ThIS strategy hg§ the advantage of being gdaptable when projects with
dealing with volatility and has a systematic approach to stakeholders.
handling changing requirements. However, its execution is
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TABLE 10. (Continued.) Fuzzy based approaches for requirement

prioritization.

S47 PHandler Priority Handler
(PHandler) is an expert
system that is based on
the value-based
intelligent  requirement
prioritization technique,
neural  network  and
analytical
hierarchical process

S48 An Approach for | The objective of this
Prioritizing NFRs | research is to propose a
According to Their | quantitative method for
Relationship ~ with | performing the process of
FRs prioritising non-

functional requirements
using alpha cut approach
as well as fuzzy logic

S53 Fuzzy  preference | An approach to the
relation for | PRFGORE process is
requirements presented in this study.
prioritization To make choices when

the available data is fuzzy
and imprecise, and to
improve  the goal-
oriented  requirements
elicitation process

S54 A Neuro-Fuzzy | A neuro-fuzzy based
based Approach approach is proposed in

this study for software
requirement prioritization

S58 Multi-person A novel approach is
decision-making proposed to prioritize the
using Fuzzy AHP conflicting requirements

using Fuzzy AHP and
an alpha cut

S60 A Simulation-based | This study is proposed a
Fuzzy Multi- novel approach for
attribute Decision prioritising software
Making requirements that is
approach based on formulating a

fuzzy multiple-attribute
decision-making issue

S61 Software The article introduces a
requirement novel method for
prioritization using | arranging criteria in
Fuzzy order of importance
Multi-attribute using fuzzy numbers that
Decision Making represent an attributes

predicted value

S63 Value Based A novel value based
Intelligent intelligent requirement
Requirement prioritization techniques
Prioritization is proposed using fuzzy
(VIRP) logic.

S68 Value Based Fuzzy This study propose an
Requirement intelligent fuzzy logic
Prioritization based technique as well

as a framework for
evaluation.

highly dependent on the quality of the input data, precise
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fuzzy membership functions, and proficiency of tools such
as MATLAB.

¢: PRIORITIZATION AND PARTIAL SELECTION (PAPS) [S20]
This study proposes a fuzzy framework called Prioriti-
zation And Partial Selection to address the challenge of
resource limitations in software projects that prevents the full
implementation of security requirements. PAPS optimizes
requirement prioritization and selection by utilizing a fuzzy
inference method that assesses impact, cost, and technical
feasibility. It was tested on an online banking system and
showed better prioritization with linear complexity and scal-
ability. While its shortcomings include the complex nature
of implementing fuzzy systems and the possibility of sub-
jectivity while establishing fuzzy rules, its strengths include
improving the accuracy and lowering overlooked security
requirements.

d: A FUZZY SET-BASED APPROACHES FOR THE
PRIORITIZATION OF STAKEHOLDERS [S32]

This study proposes a technique that uses a fuzzy-based
mechanism to prioritize stakeholders according to the impor-
tance of requirements. Its goal is to identify and prioritize
stakeholders whose requirements should be considered for
various software releases. Stakeholder analysis using the
extent fuzzy AHP, requirement classification, and stakeholder
role specification are the three steps in this process. Its
usefulness and efficacy in stakeholder prioritization were
illustrated through a case study of an Institute Examination
System (IES). Better decision making and support for inac-
curate fuzzy data are two advantages of this method. Larger
projects can encounter scalability issues because they depend
on expert judgement to define the fuzzy inputs.

e: FUZZY_MoSCoW [S33]

The authors expanded the MoSCoW approach to fuzzy
environments. The objective of this study is to introduce
a fuzzy-based MoSCoW method for prioritizing software
requirements. Identifying requirements, establishing triangle
fuzzy numbers, gathering fuzzy assessments from decision-
makers, using graded mean integration, and calculating
requirement rankings are the five steps in this process. The
technique was tested on a Library Management System
(LMS) and successfully prioritized both functional and non-
functional factors. Its strength lies in its ability to handle
uncertainty and improve prioritization accuracy; however, its
reliance on expert input for fuzzy definitions and computa-
tional complexity are potential limitations.

f: ADAPTIVE FUZZY HIERARCHICAL CUMULATIVE VOTING
(AFHCV) [S34]

The AFHCV approach offers a way to add requirements to
the current dataset or modify the priority of requirements at
runtime. The Fuzzy Hierarchical Cumulative Voting(FHCV)
is not appropriate for requirements that require a runtime.
Considering the dynamic nature of stakeholders, adaptivity is
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necessary. The proposed AFHCYV technique offers an effec-
tive means of appending new requirements to the current
requirement set and permits the modification of the priority
of existing requirements during runtime. By reprioritizing
this process, the AFHCV also enhanced the FHCV results.
Reprioritization is applied to the final requirement set or
when a new requirement set is added. The experimental
results demonstrate that the AFHCV is more successful than
the FHCV in adding additional requirements at runtime and
produces prioritization results that are closer to the actual
priority. Because each stakeholder’s requirement is manually
assigned a priority, the AFHCV is limited in terms of the
amount of time it can consume. The requirements were pri-
oritized by the AFHCV using the FHCV.

g: FUZZY APPROACH TO PRIORITIZE USABILITY
REQUIREMENTS CONFLICTS [S35]

This study proposes a methodology for prioritizing usability
objectives that conflict using fuzzy logic. Finding and prior-
itizing usability attribute conflicts is the goal of facilitating
improved decision-making. This method quantifies disputes
using triangular fuzzy numbers, fuzzy logic, and Mamdani’s
method. When used in a scenario including an Electronic
Healthcare System (EHCS), it was successful in recogniz-
ing and ranking conflicts. The advantages of the framework
include handling inaccurate, fuzzy data, automation, and
a reduction in human labor. Although some processes are
automated by the framework, the vast number of rules and
expert inputs can make computations more complex and
time-consuming, especially in large-scale systems.

h: APPROACH TO PRIORITIZE THE REQUIREMENTS USING
FUZZY LOGIC [S42]

In this study, the authors concentrated on the requirement
completeness and predictability of understandability dur-
ing the RE phase of the software development process.
Fuzzy logic serves as the multilevel foundation for this
innovative requirement prioritization technique. This method
predicts the completeness and understandability of require-
ments using stakeholders, experts, and a fuzzy logic-based
system. Their results demonstrated improved requirement
prioritization in various environments. The manner in which
they manage the inherent unpredictability of software devel-
opment is one of their main advantages. However, a possible
drawback is the dependence on subjective expert assess-
ments. Prioritize requirements and differentiate between
criteria that are negotiable and those that are not two tasks
for future research.

i: FUZZY MULTI-CRITERIA DECISION-MAKING

APPROACH [S46]

The FMCDM technique was used in this study. Several mod-
els and formulas were developed to improve the practicality
of the proposed method. The proposed methodology was
evaluated using relevant project datasets. Significant limita-
tions in the prioritization techniques currently in use have
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been overcome by using the suggested strategy. Overall, the
proposed method performed better in terms of the above
metrics. Software engineers can use this information to distin-
guish between the requirements of the relevant stakeholders,
which are the most and least valued. This will help them
plan for software release and prevent agreements, contracts,
or trust breaches during the software development process.
They intend to create a concurrent hybridization of evolu-
tionary algorithms and FMCDM in the future to address the
requirements prioritization issue.

j: PHandler [S47]

The proposed PHandler system is a highly knowledge-based
system with a hybridized product as the end result. The pro-
posed PHandler system combines the strengths of the three
primary techniques: AHP, BPNN, and VIRP. A BPNN was
utilized to determine the software requirement value for pri-
oritization. Because expert judgements are biased, the process
of prioritizing software requirements is highly non-linear.
As a result, the RV is forecasted using the BPNN. Finally,
AHP was performed to eliminate any ambiguity. Exceptions
are made to prioritize the requirements for which the RV is
the same. Large RV-based clusters of requirements can be
divided into smaller sub-clusters by the exceptions, and AHP
is used to rank the requirements of the smaller sub-clusters.
The findings demonstrate that the proposed PHandler expert
decision support system effectively addresses the issue of
requirement scalability and solves the prioritization problem
in projects with numerous software requirements.

k: AN APPROACH FOR PRIORITIZING NFRS ACCORDING TO

THEIR RELATIONSHIP WITH FRS [S48]

This study tackles the challenge of managing non-functional
requirements (NFRs) in software development. The authors
propose a systematic approach that accounts for the rela-
tionship between NFRs and functional requirements (FRs).
Their methodology involves eliciting both FRs and NFRs,
establishing their linkages in a decision matrix, and employ-
ing techniques such as Triangular Fuzzy Numbers and Alpha
Cuts to aggregate the value of each NFR in relation to all
FRs. This leads to the creation of a prioritized list of NFRs,
allowing developers to focus on those that are most crucial to
a project’s success.

I: FUZZY PREFERENCE RELATION FOR REQUIREMENTS
PRIORITIZATION [S53]

In this article, the author describes a method for prioritiz-
ing requirements in a goal-oriented requirements elicitation
process by combining an extended fuzzy analytic hierarchy
process with an a-level weighted F-preference relationship
in a group decision-making process. A prioritized list of
requirements is then obtained using the binary tree sort-
ing method. Lastly, they implement the suggested technique
for the Institute Examination System’s (IES)RP. However,
by considering a far wider number of stakeholders in the
group decision-making process as well as more sub-goals,
requirements, and criteria, the approach covered in this study
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can be further optimized. In the future, they plan to propose
a fuzzy attributed goal-oriented requirements elicitation and
analysis (FAGOREA) approach by utilizing fuzzy contribu-
tion values and a fuzzy preference matrix, and creating a tool
that will aid FAGOREA'’s decision-making procedures.

m: A NEURO-FUZZY-BASED APPROACH [S54]

This study suggests a revolutionary method based on a
neuro-fuzzy system that can deliver the ideal combination of
high-quality components required to produce products that
satisfy customers. The goal of this research was to prioritize
software requirements. They used a fuzzy membership func-
tion in a neuro fuzzy system. This type of matrix establishes
a link between the quality attributes and client requests. The
proposed approach exemplifies quality criteria, such as speed,
task completion time, readability, traceability, correctness,
and compatibility. The results of the study indicated that
the network computation and output production times were
approximately 8% faster than those of the QFD ranking
approach. Scientists believe that a neuro-fuzzy system can
yield more accurate responses than those used in earlier
research.

n: MULTI-PERSON DECISION-MAKING USING FUZZY AHP
[558]

This study suggests a straightforward and manageable pri-
oritization technique for multi-criteria, multi-person decision
making in a fuzzy setting. FAHP is used when stakeholder
requirements are ambiguous or unclear. Stakeholder weights
were determined using eigenvalues. Stakeholder expectations
are reflected in the integrated matrix; however, systemic con-
straints can prevent all stakeholders from being completely
satisfied. The final consensus is complete ordering, which
is achieved by prioritizing criteria using an alpha cut on
the matrix. Stakeholders agreed with the technique when it
was attempted on a website for travel management planning.
Although it is computationally complex and requires expert
input for fuzzy rule formulations, its key benefits include
handling many stakeholders, managing uncertainty, and pro-
ducing a unified requirement list.

o: A SIMULATION-BASED FUZZY MULTI-ATTRIBUTE
DECISION MAKING APPROACH [S60]

The novel method of prioritizing the requirements presented
in this study uses fuzzy numbers to rate the importance
of each attribute in a requirement based on its predicted
value. To determine this ranking, it is necessary to approx-
imate these expected values through simulations by selecting
random values from the credibility distributions of these
numbers. This method combines several criteria and aspects
to provide a broad picture of quality standards. The method
was validated using a case study, which demonstrated that
it could effectively prioritize requirements. Among its many
benefits are its ability to manage imprecise data, incorporate
several attributes with ease, and be readily modified for deci-
sion making. However, it requires a significant amount of
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computational work for the simulation and is dependent on
the quality of the fuzzy input definitions.

p: SOFTWARE REQUIREMENTS PRIORITIZATION FUZZY
MULTI-ATTRIBUTE DECISION MAKING APPROACH [S61]

In this study, the requirements were prioritized as a fuzzy
multi-attribute decision problem and the options in the issue
plan were ranked using the anticipated value operator. The
proposed method can handle erroneous data by displaying
different quality attributes as grayscale values. This method
is easy to use and can be applied to analyze hypothetical situ-
ations in which different traits are assigned different weights.
The proposed method is particularly helpful because of its
adaptability, low cost, speed, and simplicity of usage. Never-
theless, we were unable to find experimental support for the
methodology proposed in this study. Researchers believe that
case studies will be used in the future to verify this method.

q: VALUE-BASED INTELLIGENT REQUIREMENT
PRIORITIZATION(VIRP) [S63]

In this study, the author introduced VIRP, a multilevel fuzzy
logic intelligent requirement prioritization method. VIRP
uses fuzzy logic to rank requirements and improve accuracy
and consistency, while addressing the shortcomings of ear-
lier techniques. This approach quantifies the need for more
precise and complex prioritization. Extensive testing showed
that the VIRP delivered better results and consistency. The
study’s findings highlight VIRP as an adaptable and reliable
method for software development teams, ensuring that crucial
requirements are met and software products are produced
more successfully.

r: VALUE-BASED FUZZY REQUIREMENT

PRIORITIZATION [S68]

To address the imprecise nature of software requirements,
this study proposes a value-based fuzzy requirement prior-
itization (VFRP) technique. The goal is to overcome the
drawbacks of the current prioritization techniques, such as
their lack of automation and dependence on expert judge-
ment. The proposed method enhances accuracy and reduces
human bias by automating prioritization with fuzzy logic. The
effectiveness of this technique was evaluated and compared
with that of other methods using case studies from academic
initiatives. Better prioritization accuracy and less dependence
on expert opinions were demonstrated by the outcomes.
However, it faces challenges such as dependence on fuzzy
input definitions, complexity of the fuzzy system’s rule set,
and need for expert-defined membership functions. Future
research entails creating a fuzzy logic-based system that is
fully operational and can be applied to industrial requirement
prioritization.

After analyzing all these fuzzy-based approaches, we iden-
tify the strengths and weaknesses of each fuzzy-based strat-
egy based on the literature pertaining to that technique. For a
clear comparison to direct future studies and applications in
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the field, we describe the strengths and weaknesses of each TABLE 11. Strength and weakness of fuzzy based approaches for
technique in Table 11 requirement prioritization.
Table 11 summarizes the strengths and weaknesses of sev-

. o . . Stud | Techni Strength Weak
eral fuzzy-based requirement prioritisation techniques. Their y IuD n:rcnemque rens carness
strengths include the ability to deal with ambiguous data, SIS | URPCalc The URPCalc | Key
adapt to changing requirements, improve decision-making, systems  can | limitations

automate  the | include
prioritization limited user
process, adjust | involvement

and enhance prioritization accuracy. However, prominent dis-
advantages include computational complexity, reliance on

expert input, limited scalability, and insufficient empirical to evolving user | , complex
testing in real-world circumstances. These strategies show needs, minimise | implementat
. Vi . ioritization difficulties: h human error and | ion,
promise in solving certain prioritization di ficu tleg, owever, ensure scalability,
more research is needed to evaluate their practical appli- consistency in | and narrow
cation, increase scalability, and simplify their widespread decliéion' evaluation.
. making
adoptlon ! S19 Volatile Can handle | Dependence
Requirement volatile on  expert
2) MACHINE LEARNING-BASED APPROACHES Prioritization: A | requirements knowledge,
. . . L ) Fuzzy B tati
Machine learning has received less attention in the field of A‘;ﬁiacised Zlomp wtaton
requirement prioritization than other Al-based technologies. complexity,
A systematic literature review found that, out of 102 analyzed and _
papers, only four recent publications applied machine learn- 35?(;;1& mn
ing techniques for requirement prioritization [5]. However, S20 | Prionitization PAPS Their
owing to the potential advantages of utilizing machine- And Partial | effectively scalability is
learning techniques, this trend is rapidly expanding [5], [98]. Selection reduces ignored | not verified
Traditi 1 hods of . C e . b (PAPS) security in practice,
’ra 1tiona met ods of requirement pr%OI‘ltlZElthH may. € requirements less reliable.
time consuming because of the potentially overwhelming and  increases
number of patterns to understand and apply. Machine learning the accuracy of
has been used in many domains to analyze and identify prioritization
patterns in large datasets. After training to recognize patterns
in the d'ataj it can build a class1f1.c~aF10n model or estlmate D) A Fuzzy Set. | The approach A Timitation
them. Similar patterns or probabilities can be recognized, Based Approach | prioritizes of the study
anticipated, or detected by trained models [99]. In Table 12, for the | stakeholders is that it has
: : o e Prioritization of | and handles just utilised
we presc.ant. Fhe .avaﬂable ’mach1n<? learning-based require Stakeholders fuzzy data to the
ment prioritization techniques with references and short improve suggested
descriptions. decisions. approach on
After analyzing the prim ies mentioned in Table 12 ten
ter analyzing the primary studies mentioned in Table 12, stakeholders

each technique is summarized in the following subsections.

S33 Fuzzy MoSCoW | Making the |Tested on

a: SOFTWARE REQUIREMENT PRIORITIZATION USING MoSCoW small dataset.
methods Less reliable
MACHINE LEARNING [S2] more
The purpose of this study is to examine how software require- efficient
ments for complicated software release planning can be i i . i
ioritized usi hine-1 . dels. Th hasi S34 Adaptive Fuzzy This High time
prioritized using machine-learning models. They emphasize Hierarchical approach can | consumption
software product lines (SPL) and multiple business lines Cumulative deal  with |is the main
(MBL). It tackles the problem of handling conflicting stake- Voting ambiguity, weakness  of
h P . complexity this technique
older priorities, coupled with more feature requests that the and
development team can handle. The method involves analyz- uncertainty
ing data from a semiconductor company’s software release S35 | Fuzzy Approach| More flexible |The
process, applying ML models such as decision trees, ran- E})sabilitp rioritize ;‘; ldierr;“mfznt?se ga‘zltevg:rkse ;
. . . u U u
dom forests, and SVM, and evaluating them using metrics Requirefnems cocllqﬂicts. with a big list
such as accuracy, F1 score, and cross-validation. According Conflicts Within short  |of
to their findings, the study concluded that machine learn- time g;"e aln rbeq““eme,ms.
. . . t t t
ing models can accurately predict software requirements, optumattesu t:sctzgsewilth 12
which could improve the process of software release planning limited set of
requirement prioritization. The best outcomes were obtained criteria.

using random forest, K-nearest neighbours, and decision tree
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TABLE 11. (Continued.) Strength and weakness of fuzzy based
approaches for requirement prioritization.

S42 Approach to It  produce | For validation
Prioritize the better results | comparative
Requirements in  different | analysis is not
Using environments | performed
Fuzzy Logic

S46 Fuzzy multi- | The process | Implementing
criteria  decision | is clearly | the proposed

making approach | outlined, approach

from might require
requirement significant
generation to | computational
final ranking, | resources,
making it | especially for
easy to | large datasets.
understand

S47 Phandler Efficiently Main

handles the | limitation is
problem of | associated
requirement with the
scalability utilisation of
and resolves | highly skilled
prioritization | business
issue. analysts

S48 An Approach for | It is create a | Its
Prioritizing linkage effectiveness
NFRs According | between FRs | is not
to Their | and NFRs to | evaluated in
Relationship with | perform real word .
FRs prioritization.

It is easy to
use and
trustworthy

S53 Fuzzy preference | It is useful in | An example is
relation for | situations provided, but
requirements where no empirical
prioritization information testing is

is ambiguous | done.
and helps to
prioritize
requirements

during  the
decision-

making

process.

S54 A Neuro- Lower cost | The approach
Fuzzy based and less time | accuracy is not
Approach consumption | being tested

comparing
with the
AHP,
ranking, top-
ten, PG, W-
theory, VIRP
techniques

S58 Multi-person This This approach's
decision- approach usefulness  is
making using effectively limited to high
Fuzzy AHP tackles  the | ambiguity and

issue of | fuzzy

conflicting scenarios; it

requirements | may be less
effective in
projects where
stakeholder
preferences are
not
significantly
uncertain  or
vague.
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TABLE 11. (Continued.) Strength and weakness of fuzzy based
approaches for requirement prioritization.

S60 A Simulation- This Its
based Fuzzy

efficacy
methodology | needs more

Multi-attribute | can manage | empirical

Decision imprecise confirmation

Making data and can | and its reliance

approach be easily | on intricate
customized fuzzy logic and
for decision | simulation may
making limit

accessibility.

S61 Software It is easier to There was no

requirement use, less case study
prioritization expensive, conducted  to
using Fuzzy and time- compare  the
Multi-attribute | efficient outcomes  in
Decision actual

Making scenarios

S63 Value Based | Over 90% of | It is more

Intelligent the expensive than
Requirement requirements | conventional
Prioritization should be | techniques
(VIRP) prioritized

accurately.

S68 Value Based | The strength | Its weakness

Fuzzy of this | lies in the
Requirement approach is | computational
Prioritization its complexity and

adaptability potential

and precision | difficulty in

in  handling | implementation

imprecise

requirements

through fuzzy

variables

classifiers. This study suggests that hyperparameter modifi-
cation should be performed in future studies to investigate
other models and assess the results.

b: A MACHINE LEARNING APPROACH TO WORKFLOW
PRIORITIZATION [S21]

This study attempted to exploit operational metadata at the
lowest level of information extraction given the wide potential
of prioritizing a highly granular workflow. They attempted
to maintain parsimony in creating a model that could offer
useful insights into workflow optimization rather than parsing
the documents themselves. The chosen model was trained
with a logistic output and gradient decision tree boosting
to determine the likelihood of task success. They success-
fully classified tasks that resulted in changes to any of their
clients’ enormous datasets by integrating multiple elements
that had not been used previously. They found that XGBoost
performed better than all other models, indicating that their
choice was sound given the true-positive classification per-
formance criterion. They established a priority score at a
greater degree of granularity, where the deployment of a
rating system was more realistically helpful for the customer
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TABLE 12. Machine learning based requirement prioritization
approaches.

Study ID Technique Description
name

S2 Software The research aims to use
Requirements | machine learning models to
Prioritization | understand the  factors
Using affecting the inclusion of
Machine software requirements in a
Learning release plan.

S21 A Machine The authors of this study
Learning aimed to maintain simplicity
Approach to while creating a model that
workflow may offer actionable
Prioritization | insight towards workflow

optimization

S36 Framework The article suggests an IS
to enhance success framework  that
ERP includes machine learning-
Usability based RP methodologies in

order to improve customer
satisfaction and ensure that
an ERP project is successful.

S49 A hybridized | This study proposes a hybrid
approach software requirement
based on K- prioritization approach using
means and the K-means algorithm,
evolutionary emphasizing strong
algorithms relationships between key

requirements and
stakeholders' language
assessments.

S71 Facing They wuse a case-based
scalability framework, known as Case-
issues  with | Based Ranking, to prioritize
machine requirements by leveraging
learning past data and context,

addressing scalability
challenges with machine
learning techniques to handle
large datasets and complex
scenarios more efficiently

S73 Case-Based In this study the author offer
ranking  for | a solution, based on machine
Decision learning
Support techniques. They provide
System examples of how a boosting

algorithm can efficiently
estimate paired preferences
and lessen the elicitation
process's effort.

in scheduling, given the 98% F1 score acquired for the pre-
diction at this level. The entire model must be retrained if
major adjustments are to be made in a single department.
The model was trained using consumer financial domain data
from 2018 to extend the results to other domains.

¢: FRAMEWORK TO ENHANCE ERP USABILITY [S36]

The article proposes an IS success framework that includes
machine learning-based requirements prioritization method-
ologies in order to improve customer satisfaction and ensure
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that an ERP project is successful. The framework, with
some modifications, is based on the D&M IS Success
Model. The framework uses user interaction, requirement
elicitation, and machine-learning approaches to rank require-
ments efficiently and reliably. The proposed approach aims
to save time and effort, while maintaining user satisfac-
tion. Strengths include automation, scalability, and improved
decision-making, whereas disadvantages include a lack of
empirical validation and the difficulty of applying machine
learning to large-scale ERP systems.

d: A HYBRIDIZED APPROACH BASED ON K-MEANS AND
EVOLUTIONARY ALGORITHMS [S49]

In this study, a hybrid algorithm based on stakeholder lin-
guistic assessments is developed to determine the required
preference weights. This technique was validated by using a
criterion with relative stakeholder weights from the RALIC
dataset. The goal of this study was to offer a more effi-
cient method for scalability, computing complexity, and
ranking reversals. Clustering- and evolutionary-based tech-
niques were used in this study. By reducing conflicts among
prioritized requirements, the proposed method can also effec-
tively classify large numbers of requirements by computing
the maximum, minimum, and mean scores. Based on these
results, this study can be viewed as a breakthrough in the
field of computational intelligence. A hybrid approach based
on differential evolution and the k-means algorithm was used
to group requirements and evaluate their relative relevance.
By combining differential evolution to refine the initial solu-
tion and k-means clustering to construct the first solution,
we attempt to combine the benefits of the two approaches.
This method may require extensive parameter adjustments
and fine-tuning to achieve optimum results, which can be
challenging and time consuming.

e: FACING SCALIBILITY ISSUES WITH MACHINE

LEARNING [S71]

A unique framework for requirement prioritization, known
as Case-Based Ranking, is thoroughly described in this
research. Their framework is different from AHP in that
it permits a prioritization process even over a broad col-
lection of requirements, even if it employs an elicitation
approach based on the acquisition of paired preferences. This
is made possible by the use of machine learning techniques,
which derive requirement ranking approximations from a
dataset. Simulated data were used to assess the Case-Based
Ranking paradigm in relation to the AHP. Their framework
demonstrated its effectiveness in handling extensive sets of
requirements, as demonstrated by the tests they outlined and
their findings. In basic terms, they demonstrated that in terms
of the trade-off between the accuracy of requirement prior-
itization and expert elicitation effort, their method performs
better than the AHP methodology on average.
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f- CASE-BASED RANKING FOR DECISION SUPPORT TABLE 13. Strength and weakness of Machine learning based

SYSTEMS [S73] requirement prioritization approaches.

The authors proposed a case-based elicitation procedure Study | Technique Strength Weakness

to solve the difficulty of rank evaluation planning. This D name

approach involved two automated steps. The first step is S2 Software The  high | A challenge to

to create a strategy for case selection and the second step gﬁg‘;:;?:;g: :Sf;f:cy’ of f;ﬁgfimaﬁon

involves estimating preferences for each example using Using which  the | might be the

paired comparisons to collect preferences. The goals were to Machine majority of | computing

reduce the amount of time spent on elicitation and simplify Learning :ge thirsn OS:SIZ ivlvlork involved

comparisons. Through a combination of multiple weak rules, reached at | hyperparameter

this approach achieves incredibly precise prediction rules, ggzﬁracy o tuning.

while maintaining a balance between accuracy and work. the strength

This process is evaluated using both online and offline tests. of utilizing

Online tests include actual users in the civil defence industry, g:f:lfg

whereas offline tests evaluate procedures and solutions. The models

case study results show that the rank boost method suc- s21 A Machine | Creates a | If significant

cessfully strikes a compromise between elicitation effort and I/;;zrf;:fh © S;;Orrelty with f}?:é‘egesm -

precision and that the case-based approach is sustainable over workflow more department, the

a large number of examp]es‘ Prioritization | precision entire  model

We have already obtained a summary of each machine- :;;?ined. be

learning approach for prioritizing requirements. Table 13

presents a comprehensive analysis of the strengths and weak- 536 Framework | This The framework

nesses of different approaches, enabling us to assess their tEORP enhance Ifrrl?:tzworl:he Eﬁpir?fiuybeen

respective benefits and drawbacks. We will use these insights Usability requirements | evaluated

to determine the most effective strategies for improving erl dthereL(‘iSfC‘:

requirement prioritization in future projects. the time and

After analyzing Table 13, we can see that machine- effort

learning-based requirement prioritization approaches offer lrfn‘g:rrzie o

various strengths and face specific challenges. The approach these large-

using machine learning for software requirement prioritiza- scale

tion achieves a high accuracy of up to 80% but encounters mitiagives.

computational difficulties with hyperparameter tuning [S2]. S49 A hybridized | Scalability, | To get the best

Although a workflow prioritization approach offers compre- Ezl:égacj; . i::l;sals ;;spurl(tsa,c . mi‘glllﬁ

hensive priority scores, it requires retraining in the event means  and | and need a lot of

that a department experiences major changes [S21]. An ERP evolutionary | computing | fine-tuning and

usability framework meets user requirements and reduces algorithms “’rfple"ity | Prameer

the effort required for large-scale initiatives, although its Zvdedfessed ?,y Eaﬁ f:s(}%csh

real-world effectiveness remains untested [S36]. Hybrid tech- the and time-

niques address scalability and computational complexity Zﬁfﬁd consuming.

while requiring substantial fine-tuning [S49]. Addressing

scalability concerns with machine learning improves average S71 Facing - Better It cannot

accuracy and reduces effort variance, but it fails to handle ?::les)lm}\,mh :Z:Sf:y and ?:;ilri:mem

requirement dependencies [S71]. Finally, case-based ranking machine reduced dependencies

for decision support systems strikes a balance between accu- learning effort

racy and elicitation effort, though its effectiveness increases vananee

with the number of events and the acquisition policy design S73 Case-Based | Accuracy The rated

is lacking in details [S73]. ranking  for | and preference and
Decision elicitation associated
Support effort are | cognitive
System balanced in | overload lose

3) OPTIMIZATION-BASED APPROACHES this strategy | their usefulness

An optimization algorithm is a process that repeatedly fff tcl:iese:“fi‘i‘:

compares different solutions to obtain the best or most The acquisition

appropriate solution [35]. To obtain the best possible set policy's design

of requirements that yields an optimal solution, optimiza- iﬁmeﬁfim‘ﬁg

tion methods are well suited for system requirements that in the paper

are regarded as the next-release problem (NRP) [2], [100].
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By employing optimization methods, one can ensure that
the chosen requirements maximize the overall value while
adhering to project constraints. In the next section, we explore
the optimization-based approaches presented in Table 14.

The following subsection provides a detailed overview of
the optimization-based requirement prioritization approaches
mentioned in Table 14. All of these techniques provide
distinct solutions to the challenging problem of software
requirement prioritization.

a: ARTIFICIAL BEE COLONY ALGORITHM [S16]

This article presents a Parallel Multi-Objective Artificial
Bee Colony (PMOABC) algorithm for optimizing software
requirements in incremental development, which addresses
the Next Release Problem (NRP), an NP-hard difficulty in
balancing customer satisfaction and cost. The approach was
tested on two datasets utilizing a master-slave parallel pro-
cessing model, and it outperformed serial methods, such as
NSGA-II and GRASP, in terms of solution quality, runtime,
and scalability. While advantages include the ability to effi-
ciently handle multi-objective criteria and reduce runtime,
disadvantages include high prices, unresolved requirements
dependencies, parallel processing overhead, and hardware
dependency.

b: PERFORMANCE ENHANCEMENT USING LEAST-
SQUARES-BASED RANDOM GENETIC ALGORITHM [S26]
This article proposes a Least-Squares-Based Random
Genetic Algorithm (LSRGA) to improve requirement priori-
tization while minimizing decision-making time and effort.
The process uses crossover, mutation, and random initial-
ization based on least-squares to generate and rank a set
of requirements. Compared to earlier genetic algorithm
approaches, the LSRGA demonstrated lower error probabil-
ity, less redundancy, and higher accuracy when evaluated
on a variety of requirement sets. The method works well
for handling complex requirements and is straightforward
and efficient; however, it needs to be validated in the real
world and may incur computational overhead in large-scale
systems.

¢: METHOD OF SYSTEMS REQUIREMENT OPTIMIZATION
BASED ON GENETIC ALGORITHMS [S37]

This study used meta-heuristic techniques in conjunction
with an adapted multi-objective function, which has proven
to be effective in solving multiple real-world instances of
the problem. The topic of selecting system requirements has
been stated as a multi-objective optimization problem with
two objectives. This maximizes the total customer satisfac-
tion and minimizes the overall cost of system development.
The effectiveness of the multi-objective proposed approach
was demonstrated and proven by adapting a GA to solve
real-world cases and testing it with case studies on two
real datasets. The experimental results demonstrate that the
updated GA can effectively generate high-quality solutions
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TABLE 14. Optimization based requirement prioritization approaches.

Study ID Technique Description
name

S16 Artificial bee The authors of this study
colony present a similar approach
algorithm that is predicated on the idea

of a master and slave. To
improve the quality of the
output

S26 Performance This paper introduces a
enhancement novel method that uses a
using least- random genetic algorithm
squares-based based on least squares to
random improve performance
genetic
algorithm

S37 Method of The study proposes using a
systems non-dominated sorting
requirement genetic  algorithm  with
optimization Pareto tournament (NSGA-
based on IIPT) for multi-objective
genetic optimization in  system
algorithms . .

requirements selection.

S43 Hybrid In order to maximise income
Enriched and reduce project time, the
Genetic article uses a  hybrid
Revamped EGRILP model that
Integer Linear | combines the processes of
Programming | software release,
Model(Hybrid | prioritization, and
EGRILP) scheduling.

S59 Interactive In this study, they propose
Genetic an  Interactive  Genetic
Algorithm Algorithm  (IGA)  that

integrates  the  current
limitations, including
dependencies and priorities,
with incremental knowledge
acquisition.

S62 An ant colony This study offer a novel ant
optimization colony optimization based
approach approach for the software

release

planning problem with the
presence of  dependent
requirement

S65 Interactive RP | An interactive  genetic
using genetic algorithm has been
algorithm suggested in this study to

gather paired data that can
be used to prioritize the
requirements for a software
system

S66 Search The authors of this study use
Techniques for | and explain three meta-
Next Release heuristic search strategies:
Problem ant colony systems, genetic

algorithms, and simulated
annealing to solve NRP.

S70 Search-based The issue of selecting
approaches to software component sets to
the component | combine in component-
selection and based software engineering
prioritization is the focus of this paper.
problem

S72 EVOLVE This paper suggests
method EVOLVE, an optimization

technique that uses a genetic
algorithm to continuously
plan incremental software
development.
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TABLE 14. (Continued.) Optimization based requirement prioritization
approaches.

S74 NSGA-II The study proposes non-
dominated sorting genetic
algorithm II (NSGA-II), that
is based on non-dominated
sorting-based multi-

objective EA (MOEA)

S75 DDP: A
requirements
interaction

They have described a novel
iterative method of
execution, summarization,
model and decision-making in
order to converge towards
nearly-optimal requirement
attainment in large-scale
requirements models

S76 Using The authors of this article
heuristics use different  heuristics
techniques to | algorithms to address the
NRP Next Release  Problem

(NRP).

and outperform other relevant algorithms previously pub-
lished in the literature using a set of public datasets.

d: HYBRID ENRICHED GENETIC REVAMPED INTEGER
LINEAR PROGRAMMING MODEL (HYBRID EGRILP) [S43]
This study describes the requirement prioritization and
scheduling process in software release planning and pro-
poses an Enriched Genetic Algorithm (EGA) with revised
integer linear programming (RILP). The EGA introduces an
aging factor to prevent premature convergence and uses a
dynamic population to improve the computational efficiency.
By including resource restrictions to reduce project costs
and duration, RILP improves upon the conventional Integer
Linear Programming. Two models—a Hybrid EGRILP model
with temporal dependency restrictions and one without-were
compared through simulations. According to the results, the
Hybrid EGRILP model schedules and prioritizes require-
ments in an ideal manner, thereby minimizing project delays
and increasing revenue.

e: INTERATIVE GENETIC ALGORITHM [S59]

This paper proposes an Interactive Genetic Algorithm (IGA)
that incorporates current limitations, such as dependencies
and priorities, together with incremental knowledge gain.
We also evaluated the performance of the proposed algorithm.
An actual case study was used to validate the proposed
approach, which has many constraints that render exhaustive
elicitation (AHP)-based prioritization techniques. They con-
trasted their method with IAHP, an AHP variation that allows
for partial requirement elicitation, and hence avoids AHP
scaling issues. The results show that IGA performs better
than TIAHP, particularly when there are fewer evoked pairs;
however, in any event, there are between 25 and 125 elicited
pairs. The IGA can generate a good approximation of the
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standard requirement ranking with a reasonable quantity of
manual effort and a reasonable rate of human error tolerance.

f: AN ANT COLONY OPTIMIZATION APPROACH [S62]

A unique ACO-based solution to the software release plan-
ning problem with dependent requirements is presented in
this study. Experiments were performed to assess the effi-
cacy of the proposed method in comparison with a Genetic
Algorithm and Simulated Annealing. The proposed ACO
technique demonstrated the potential to produce accurate
solutions with minimal computational cost, as indicated by
all testing findings. Future research could expand the tests
to include real-world examples, which should lead to further
intriguing discoveries regarding the suitability of the sug-
gested ACO algorithm for software release planning.

g: INTERATIVE RP USING GENETIC ALGORITHM [S65]

This study suggests an interactive evolutionary algorithm
that uses pairwise comparisons to prioritize software require-
ments. The method outperformed AHP, which has trouble
handling large datasets when used in genuine case stud-
ies with numerous requirements. The method outperformed
a conventional genetic algorithm that optimized the initial
restrictions without user input and scaled well. This greatly
improved the prioritization of requirements by asking users
to perform 50-100 pairwise comparisons, especially in cases
where the original ranking information was lacking. This
technique is suitable for scenarios with partially reliable input
because it strikes a compromise between user effort and
performance, and maintains its robustness even in the face of
user failures. Further investigations in various contexts and
case studies are required to corroborate these results.

h: SEARCH TECHNIQUES FOR NEXT RELEASE

PEOBLEM [566]

The Next Release Problem (NRP), which aims to maxi-
mize customer satisfaction in software development under
resource restrictions, was evaluated in this study using ant
colony optimization (ACO). The method optimizes require-
ment selection and strikes a balance between effort and
satisfaction by using pheromone-based heuristic updates.
According to a case study, ACO outperformed Simulated
Annealing and Genetic Algorithms in terms of achieving
customer satisfaction and efficiently allocating resources.
Scalability and efficient management of conflicting require-
ments are among its strengths. On the other hand, iterative
pheromone updates and the need for parameter adjustment
for best outcomes contribute to longer execution times.

iz SEARCH-BASED APPROACHES TO THE COMPONENT
SELECTION AND PRIORITIZATION PROBLEM [S70]

The application of search-based software engineering to
the selection and prioritization of software components is
explored in this work. The authors present the topic of
selecting the best component sets as a feature subset selection
issue. They show how search methods can balance trade-offs
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like cost, desirability, development time, and revenue using
data from a telecom network. Its main strength is its capac-
ity to manage complicated constraints and inter-component
interactions. However, thorough information about every
component is necessary for practical execution, and this infor-
mation is not always easily accessible.

J: EVOLVE METHOD [S72]

The EVOLVE strategy promotes continuous software devel-
opment planning among all the strategies that use evolu-
tionary algorithms to rank software requirements. It uses a
genetic algorithm within the Risk Optimizer tool to assign
requirements to increments, optimizing stakeholder satisfac-
tion while adhering to the technological limits. The outcome
is a set of prospective solutions that can be used to make
the final decisions. The iterative nature and flexibility of
this approach in dealing with competing objectives are two
of its advantages. A potential problem is the reliance on
correct effort estimates as well as the complexity of balancing
stakeholder preferences.

k: NSGA-Il [S74]

Non-dominated Sorting Genetic algorithm II (NSGA-II) is
a fast and elitist multi-objective genetic algorithm aimed at
improving computational efficiency and maintaining solution
diversity in multi-objective optimization. Its goal is to solve
problems with previous iterations, namely, the requirement
for a sharing parameter, lack of elitism, and high computing
costs. An elitist selection procedure, crowding-distance com-
putation, and a quick non-dominated sorting strategy are all
used in practical implementations. Compared to the two exist-
ing elitist MOEAs, PAES and SPEA, the proposed NSGA-II
was able to retain a better dispersion of solutions and con-
verge better in the produced non-dominated front on nine
distinct challenging test problems taken from the literature.
Strengths include faster sorting, better diversity, and efficient
constraint-handling, whereas weaknesses include complexity
in high-dimensional problems and dependence on problem-
specific parameters.

I: DDP: A REQUIREMENTS INTERACTION MODEL [S75]
This study suggests a convergent method for prioritizing
software requirements in large-scale systems by combining
the TAR2 summarization tool with a requirements inter-
action model. The goal is to optimize the cost-benefit
ratio while handling complex requirement relationships.
Practical implementation uses NASA’s Defect Detection
and Prevention (DDP) model alongside TAR2 to ana-
lyze and identify critical requirements from large datasets.
The method successfully narrowed the solution space and
revealed important priority decisions when tested on a dataset
with 99 mitigation measures. A key strength is its abil-
ity to handle large-scale problems, whereas its weaknesses
include being time-consuming and heavily dependent on the
TAR?2 tool.
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m: USING HEURISTICS TECHNIQUES TO NRP [S76]

The study focuses on employing a next release problem
(NRP) model that incorporates search-based strategies to
optimise requirement selection under resource constraints in
order to solve software release planning (SRP) problem. The
method uses algorithms such as genetic algorithms, simulated
annealing, and hill climbing to rank requirements according
to a cost-benefit analysis. According to a comparative study,
simulated annealing performs consistently better than hill
climbing and greedy algorithms, particularly for larger and
more complicated issue settings. However, its computational
cost is high, and more research is required to determine the
practicality of the model.

The explanation above provides a general idea of each
approach. Now, we are going to find out the strengths and
weaknesses of the mentioned approaches based on the pri-
mary studies. Table 15 presents the strengths and weaknesses
of these approaches. This analysis will help to identify the
most suitable methods for optimizing requirement prioritiza-
tion in various project environments.

Optimization-based methods for prioritising requirements
include a number of strengths and weaknesses. Among its
main advantages are enhanced performance, as evidenced by
the artificial bee colony algorithm [S16] and the ant colony
optimisation technique [S62], which shorten execution times
and improve solution quality. The optimisation of systems
requirements using evolutionary algorithms is one of the
strategies that prioritise customer satisfaction while reduc-
ing development expenses [S37]. Furthermore, methods like
DDP efficiently manage a lot of requirements [S75], while
flexible approaches, such the EVOLVE method [S72], adapt
to shifting priorities and restrictions. However, a number
of weaknesses were found. Hybrid EGRILP and the Inter-
active Genetic Algorithm are two examples of approaches
that need additional testing on larger datasets or more intri-
cate user models to confirm their usefulness [S43], [S59].
Search-based techniques for component prioritisation and the
performance enhancement genetic algorithm are two exam-
ples that need to be implemented in real-world settings to
demonstrate their efficacy [S26], [S70]. Challenges include
significant computing costs and time consumption, as demon-
strated by heuristic-based approaches and DDP [S75], [S76].
In addition, there are still ways to improve the calibre of
solutions and the limitations in handling needs dependencies
or constraints.

In the previous sections, we reviewed and assessed a
range of Al-based methods for requirement prioritization
(RP), categorized as fuzzy logic, machine learning (ML),
and optimization-based approaches. In the previous tables,
the strengths and weaknesses of these methods are provided
separately. We now compare various Al-based methods in
Table 16 according to the following key evaluation crite-
ria: scalability, accuracy, efficiency, consistency, adaptability,
and optimization, along with their tool usage. In table 16,
adaptability and consistency is only evaluated for fuzzy logic-
based approaches, whereas optimization pertains to machine
learning and optimization-based techniques. As a result, the
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TABLE 15. Strength and weakness of optimization based requirement

prioritization approaches.

TABLE 15. (Continued.) Strength and weakness of optimization based
requirement prioritization approaches.

Study Techniqu | Strength Weakness S66 Search The obtained | It is necessary
1D e name Techniques | solutions are | to improve the
S16 Artificial It shortens | Requirements for Next promptly quality of the
bee colony | execution times | dependencies Release adjusted to | solutions
algorithm while are not Problem eliminate all
increasing handled and problem
solution cost is high. constraints, and
quality. GRASP
P e to e, | o validate he consistently
enhanceme | and quick to | methods by 1dent1ﬁes. f Fhe
nt using handle greater | assessing them most' satistying
least- . in  practical sol}ltlon.
squares- requirements. environments S70 Search- This approach | Need to be
based ' based simultaneously | implemented
random approaches | optimizes in real world
genetic to the multi-objective | environment
algorithm component | fiynctions
selection
S37 Method of | It maximizes | Tests on a and
systems customer bigger dataset prioritizati
requiremen | satisfaction and | in real-world on problem
t o minimizes settings are S72 EVOLVE It provides | It can only
](:pl:;rsr:gﬁg;o development necessary method more flexibility | identify
genetic cost by solutions that
algorithms accommodatin | are  located
g modifications | near the
S43 Hybrid This model | This is to priorities and | convex hull in
Enriched minimizes the | implemented requirements the target
Genetic project duration | only on 8 constraints space
Revamped | as  well as | requirements
Integer project cost ;need to apply S74 NSGA-II Compared to This algorithm
Linear on large two other elitist | encountered
Programm dataset MOEAs, PAES | challenges
ng and SPEA, the when
Mpdel(Hy suggested attempting to
brid NSGA-II was solve this so-
EGRILP) X
able to preserve | called highly
S59 Interactive | An accurate | They test a'bet.ter . epistatic
Genetic estimate of the | using a very dlstrl};)utlon of problem
Algorithm | reference basic user solutions and
requirements error  model, converge better
ranking is | more complex in the resulting
produced by | models are non-dominated
1GA required front
S62 An ant It outperforms | Require more S75 DDP: A DDP addresses | It is time
colony simulated time than the requiremen | up to 150 | consuming
optimizatio | annealing and | simulated ts requirements, and  heavily
napproach | genetic annealing interaction | pigk and | depends on the
algorithms  in | problem and model mitigation TAR2 tool.
accuracy and | the genetic while
efficiency. algorithm producing
- - nearly ideal
S65 Interactive | It improves the | Further ;
: . . . solutions
RP using non-interactive | empirical
genetic optimization research is - -
algorithm and ignore the | needed to 876 USlng . Slt}lpl? GRA_SP
elicited ascertain the heuristics objective techniques
preferences and | actual techniques | function and an | increase the
handle a | applicability to NRP easy time of
number of | and implementation | computation
roblematic e process
fequirements feasibility.

optimization column is purposefully left blank for fuzzy logic
methods, whereas the adaptability and consistency column
is vacant for machine learning and optimization approaches.

This table provides a clear understanding of how these tech-
niques perform against various parameters, highlighting their
strengths and limitations in a consolidated format.
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TABLE 16. Comparative analysis of Al-based requirement prioritization approaches.

Category Study ID Scalability | Accuracy Efficiency | Consistency | Adaptability | Optimization | Tool
Used
S19 No No No No Yes - Yes
S20 Yes Partial Yes No No - Yes
S33 No Partial No No No - No
S34 Yes No Yes No Yes - No
S35 Yes Partial Yes No No - No
S42 No Partial Yes No No - Yes
Fuzzy Logic S46 No Partial No No No - No
S47 Yes Yes Yes Yes No - No
S48 No No Yes No No - Yes
S53 Yes Partial No No Yes - No
S54 Yes Partial Yes No Yes - Yes
S61 Yes No Yes No No - Yes
S63 Yes Yes Yes No Yes - No
S2 Yes Yes Yes - - Yes No
S21 Yes Yes Yes - - No Yes
Machine S36 Yes Yes Yes - - Yes No
Learning S49 Yes Partial Yes - - Yes Yes
S71 Yes Yes No - - Yes No
S73 Yes Partial Yes - - Yes No
S16 No Yes Partial - - Yes Yes
S26 Partial Yes Partial - - Yes No
S37 Partial Yes Partial - - Yes No
S43 No Yes Partial - - Yes No
S59 Partial Yes Partial - - No No
S62 Partial Yes No - - Yes No
Optimization S65 Partial Yes No - - No No
S66 Partial Yes No - - No No
S70 No Yes Partial - - Yes No
S72 No Yes No - - Yes Yes
S74 No Yes Partial - - Yes Yes
S75 No Yes No - - No Yes
S76 No Yes No - - Yes No

A comparison of Al-based requirement prioritization tech-
niques is presented in Table 16 and categorized into fuzzy
logic, machine learning, and optimization techniques. For
fuzzy logic examining 13 of the 18 techniques that provided
relevant information on these criteria. The accuracy of fuzzy
logic techniques is limited; only [S63] and [S47] achieved
over 90% accuracy, while seven approaches reported partial
accuracy, and others gave no information on accuracy. Scal-
ability is a strength of studies like [S20], [S34], [S35], [S47],
[S53], [S54], [S61], and [S63], indicating their ability to han-
dle complex datasets. Only [S47] calculated the consistency
ratio, indicating that consistency has rarely been discussed.
While some, such as [S20], [S33], [S35],[S42], [S46], [S47],
[S48], and [S61] lacked adaptability features, [S34] had
them, including self-optimization and runtime prioritization.
Some studies [S19],[S20], [S42], [S48], [S54] used tools,
such as Microsoft Visual Studio and MATLAB Fuzzy Logic
Toolbox, to assess tool support; however, some studies did
not describe tool implementation. Overall, fuzzy approaches
show flexibility and efficiency at runtime; however, there
are still issues with consistency, accuracy reporting, and tool
documentation.

Machine-learning approaches have demonstrated strong
performance in terms of scalability, accuracy, and optimiza-
tion. All these areas were good in studies [S2], [S36], and
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[S71], but they lacked information on how the tools were
implemented. [S21] fared well in terms of accuracy, scala-
bility and efficiency, but lacked optimization, whereas [S49]
demonstrated good scalability and optimization despite par-
tial accuracy. Comparably, [S73] focused on optimization
while omitting tool specifics and offering partial accuracy.

Optimization-based approaches consistently deliver high
accuracy and optimization capabilities across studies such as
[S16], [S26], [S37], [S43], [S62], [S70], [S72], [S74], and
[S76]. However, scalability remains a challenge with only
partial scalability reported in [S26], [S37], [S59], [S62], and
[S65]. The efficiency varied with partial results in [S16],
[S261,[S37], [S431,[S59], [S70] and [S72], despite the fact
that specialized tools were only employed in studies [S16],
[S72], [S74], and [S75]. All things considered, optimization
methods are more accurate and optimized; however, they
require improvement in terms of scalability, efficiency, and
tool integration.

These findings highlight the necessity for additional
research to overcome the shortcomings of each Al-based
approach that have been highlighted. By overcoming these
gaps, future research can enhance the practical applicability,
reliability, and performance of Al techniques in requirement
prioritization, ensuring more effective and efficient solutions
for real-world challenges.
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D. RQ4) WHICH SEMI-AUTOMATED APPROACHES ARE
CURRENTLY AVAILABLE FOR REQUIREMENT
PRIORITIZATION?
Current software requirement prioritization procedures are
manual, offline, and laborious, particularly for large require-
ments. The lack of automation reduces the effectiveness and
increases the effort. Ineffective prioritization and a lack of
validation can cause delays in the delivery of products and,
in extreme situations, affect the project’s total cost, time, and
risk [36], [37]. Relying on manual procedures and expert
knowledge can be inefficient and time-consuming and can
lead to biased evaluations, affecting project success and
solution quality [38], [39], [40]. Semi-automated methods
of requirement prioritization are used to overcome these
challenges by combining manual and automatic processes.
These methods take into account a variety of considerations,
including importance, time limits, financial implications, and
associated risks, and seek to expedite the prioritization pro-
cess [36]. Therefore, for this research question, we explored
the available semi-automated approaches for requirement pri-
oritization. Table 17 presents the semi-automated approaches
identified after applying our search strategy.

Each technique is summarized in the following subsec-
tions, which are listed in Table 17.

1) SEMI-AUTOMATED REQUIREMENTS PRIORITIZATION
FRAMEWORK(SARIP) [S4]

This study proposes a semi-automated requirement prioriti-
zation framework (SARIiP). It implements a semi-automatic
method to prioritize the requirements. Using a classifi-
cation tree and ranking algorithm, SARIP prioritizes the
requirements and focuses on regions linked to requirement
prediction priority grouping. The i-Tegur team of the Depart-
ment of Information Technology, Malaysian Ministry of
Housing and Local Government (KPKT) successfully eval-
uated SARIP in the government sector domain. A significant
majority of the participants (80 percent) expressed a high
likelihood of finding SARiP, which is useful for prioritizing
the requirements of the project. All participants agreed that
SARIP is a reliable and useful tool. Future work will consider
documenting the requirements and prioritization findings,
and a traceability mechanism will be incorporated to track
changes in requirements.

2) CDBR: A SEMI-AUTOMATED DEPENDENCY-BASED
COLLABORATIVE REQUIREMENT PRIORITIZATION
APPROACH [S6]

This paper proposes a CDBR, which is a semi-automated
collaborative requirement prioritization approach. The objec-
tive is to improve communication between stakeholders and
developers during requirement prioritization. The CDBR
combines stakeholder input with dependency relationships
between requirements using an Analytic Hierarchy Process
and an Interactive Genetic Algorithm. Using Particle Swarm
Optimization (PSO), the approach refines initial rankings to
produce a final priority list with minimal conflict. Based on
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TABLE 17. Semi-automated approaches for requirement prioritization.

Study ID Approaches Description

S4 Semi-Automated In this study, a semi-
Requirements automated
Prioritization requirements
framework prioritization
(SARIP) framework (SARIP) is

presented to apply a
semi-automatic method
in requirements
prioritization.

S6 CDBR:a semi- This study introduce a
automated dependency-based,
dependency based | semi-automated
collaborative collaborative
requirement requirement
prioritization prioritization =~ method
approach (CDBR).

S10 SRPTackle: A | This research overcome
semi-automated the key challenges by
requirements introducing a novel
prioritization semiautomated scalable
technique prioritization technique

known as "SRPTackle.

S11 A semi-automatic | The study proposes a
multiple-criteria semi-automatic method
prioritization for prioritizing
process for | functional and non-
functional and | functional requirements
non-functional in software product
requirements lines

S22 StakeQP: A semi- | The purpose of this
automated research is to introduce
stakeholder StakeQP, a novel semi-
quantification and | automated technique
prioritization for quantifying and
technique prioritising

stakeholders'
requirements for
software system
projects.

S38 DRank: A Semi- | This study developed
automated DRank to prioritize
Requirements optional requirements
Prioritization by taking stakeholder
Method preferences and

requirement
dependencies into
account

S39 SAFFRON: A | This study presents the
Semi-Automated Semi-Automated
Framework for Framework for
Software Software Requirements
Requirements Prioritization
Prioritization (SAFFRON),  which

addresses the rank
reversal issue in
requirement
prioritization

multiple requirement sets and a case study (Cargo Book-
ing Management), CDBR demonstrated scalability, accuracy,
and efficiency, outperforming AHP in accuracy and IGA in
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processing time; however, it requires computational effort for
larger datasets.

3) SRPTackle: A SEMI-AUTOMATED REQUIREMENTS
PRIORITIZATION TECHNIQUE [S10]

In this study, a new semi-automated RP technique
(SRPTackle) and an automation implementation tool
(SRPTackle-Tool) were developed to address the issues of
scalability, time consumption, overreliance on expert inter-
vention, and lack of automation when assessing stakeholders’
impact on requirement prioritization. K-means clustering
for classification, Binary Search Tree (BST) for sorting,
and Weighted Sum Model (WSM) for requirement pri-
ority value (RPV) computation are all combined in this
method.When used with the SRPTackle tool, it ensures
unambiguous implementation processes and reduces the
need for expert input. Using the RALIC benchmark dataset,
the technique demonstrated high accuracy (up to 94.65%)
and reduced time consumption compared to existing tech-
niques, such as StakeRare, Lim et al.’s GA, and Saffron. Its
strengths include efficient handling of large-scale require-
ments, reduced reliance on experts, and improved accuracy
and speed. However, it is partially automated and still requires
stakeholder input, and its practical application has been
validated only on benchmark datasets.

4) A SEMI-AUTOMATIC MULTIPLE-CRITERIA
PRIORITIZATION PROCESS FOR FUNCTIONAL

AND NON-FUNCTIONAL REQUIREMENTS [S11]

This study describes a data-driven requirement prioritiza-
tion process that SPL projects can apply to. The primary
goal of the suggested prioritization approach is to decrease
stakeholder participation by identifying additional criteria
that will help mitigate risks such as stakeholder disagree-
ment and time constraints. They used artificial intelligence
(AI) methods such as natural language processing (NLP)
and machine learning algorithms to leverage data from
many sources to optimize criteria identification. Addition-
ally, the team examined two datasets that were utilized for
requirement prioritization and FR/NFR categorization. This
approach addresses frequent issues, such as stakeholder dis-
agreement and time constraints, by significantly reducing the
requirement for considerable stakeholder input. This method
improves the quality and relevance of prioritized require-
ments by utilizing data from several sources to guarantee an
objective and data-driven prioritization process.

5) StakeQP: A SEMI-AUTOMATED STAKEHOLDER
QUANTIFICATION AND PRIORITIZATION

TECHNIQUE [S22]

This study introduces StakeQP, a semi-automated stakeholder
quantification and prioritization technique that addresses
significant weaknesses in existing systems, such as depen-
dency on expert input, lack of automation, and lack of
standardized attribute measurement standards. StakeQP auto-
mates the SQP process, minimizes biases, and saves time by
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introducing Attribute Measurement Criteria (AMC) and inte-
grating TOPSIS for multi-attribute decision-making. When
tested on the RALIC industrial dataset, StakeQP outper-
formed conventional approaches in terms of both accuracy
(89.69%) and efficiency, generating findings substantially
faster. Automation, low-level implementation details, and
minimal expert participation are among its strengths; how-
ever, its reliance on predetermined AMC may limit flexibility
in extremely dynamic contexts.

6) DRank: A SEMI-AUTOMATED REQUIREMENT
PRIORITIZATION METHOD [S38]

The DRank method proposes a semi-automated requirements
prioritization approach that integrates stakeholder prefer-
ences and dependencies between requirements. The objective
is to improve the prioritization accuracy and practicality
while minimizing human effort. DRank employs a Prioritiza-
tion Evaluation Attributes Tree (PEAT) for criteria selection,
uses RankBoost for subjective prioritization, and leverages
a PageRank-based algorithm to analyze requirement depen-
dencies. The controlled experiments revealed that DRank
outperformed AHP, EVOLVE, and CBRank in terms of speed
and effectiveness. It effectively manages contributions and
business dependencies but ignores other types, such as tech-
nical or resource-based requirements, limiting its overall
applicability.

7) SAFFRON: A SEMI-AUTOMATED FRAMEWORK FOR
SOFTWARE REQUIREMENTS PRIORITIZATION [S39]

This study introduces SAFFRON, a semi-automated system
for solving the rank reversal problem in software require-
ment prioritization. SAFFRON minimizes human interaction
by predicting stakeholder evaluations through item- and
model-based collaborative filtering. When tested on the
RALIC dataset, it revealed a significant ranking correlation
while reducing human interaction by 13.5-27%. Scalability,
minimal dependency on stakeholders, and reliable prioriti-
zation results are among its strengths. However, it depends
on requirement similarity, struggles with evolving or new
requirements that lack historical data, and may encounter
difficulties in highly dynamic contexts.

From the above explanation, we obtain an overview of each
approach. Based on these primary studies, the strengths and
weaknesses of the aforementioned approaches are presented
in Table 18.

The strengths and weaknesses of various semi-automated
approaches are listed in Table 18. The SARIiP framework
[S4] is reliable but stores results in an Excel file rather
than a database. CDBR [S6] is efficient and faster than
AHP and IGA but requires computationally intensive opti-
mization for large requirement sets. The RALIC dataset
is a major source of dependence for SRPTackle [S10],
which limits its generalizability despite achieving high accu-
racy (93.0% - 94.65%). The multiple-criteria prioritization
procedure [S11] increases accuracy using NLP, sentiment
analysis, and machine learning. However, it struggles with
skewed datasets and requires additional ones. StakeQP [S22]
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TABLE 18. Strength and weakness of semi-automated approaches in

requirement prioritization.

Study Techniqu Strength Weakness

ID e name

S4 Semi- SARiP The suggested
Automate framework is | SARIP
d reliable and | prototype does
Requireme | useful not store the
nts according to the | results in a
Prioritizati | opinion of the | database, inste
on participants ad, it uses an
frameyvork excel file.
(SARiP)

S6 CDBR:A In terms of | While Particle
semi- accuracy and | Swarm
automated | processing Optimization
dependenc | time, reduces
y  based | respectively, disagreement,
collaborati | CDBR beat | large
ve AHP and IGA. | requirement
requireme sets may
nt demand more
prioritizati computational
on ly intensive
approach methods.

S10 SRPTackl The minimum | Reliance on
e: A semi- | and highest | the RALIC
automated | accuracy dataset may
requireme percentages limit its
nts that SRPTackle | generalizabilit
prioritizati | can achieve are | y to all
on 93.0% and | software
technique 94.65%, scenarios.

respectively.

S11 A semi- | The wuse of | This review
automatic natural revealed
multiple- language several of their
criteria processing limitations
prioritizati | (NLP), such
on process | sentiment as imbalanced
for analysis, and | datasets and
functional | machine the need for
and non- | learning additional
functional | algorithms datasets.
requireme | improves the
nts accuracy

S22 StakeQP: This technique | Relies on
A semi- | can produce | predefined
automated | more accurate | AMC, limiting
stakeholde | result in less | flexibility in
r time dynamic
quantificat environments.
ion and
prioritizati
on
technique

quickly generates accurate findings, although it may have
erroneous stakeholder details in the RALIC dataset. Despite
its efficacy and time efficiency, DRank [S38] only supports
contributions and business dependencies. SAFFRON [S39]
addresses rank reversal and reduces human involvement by
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TABLE 18. (Continued.) Strength and weakness of semi-automated
approaches in requirement prioritization.

S38 DRank: A | This method is | DRank is
Semi- less time | limited
automated | consuming and | because it only
Requireme | more effective | handles
nts than the | contribution
Prioritizati | compared and business
on Method | methods in this | dependencies,

study missing other
types like
technical  or
resource-
based
dependencies.

S39 SAFFRO The suggested | Struggles with
N: A | approach new or
Semi- minimises evolving
Automate human requirements
d interaction by | due to
Framewor 13.5-27%. insufficient
k for historical data.
Software
Requireme
nts
Prioritizati
on

13.5-27%; however, it may not be able to keep up with rapidly
changing or unique requirements without previous data.

E. RQ5) WHY REPRIORITIZATION IS IMPORTANT WITHIN
AGILE SOFTWARE DEVELOPMENT?
This research question explored the importance of repri-
oritization in ASD. From Table 9 and Figure 6, we can
clearly see that, among other challenges, continuous require-
ment changes are the most cited challenges that need to be
addressed to enhance Agile RP. Therefore, the requirements
must be reprioritised after changes occur. Therefore, after
exploring the challenges, we selected this research question to
show the importance of reprioritization to deal with the most
cited challenges and to motivate researchers to find an effi-
cient technique that is most suitable for agile environments
to reprioritize requirements.

Compared with other engineering disciplines, change is
a fundamental characteristic of software engineering. Spec-
ifying every software requirement in real-world scenarios
is challenging owing to the constantly evolving needs and
circumstances. Changes can arise from external factors, such
as customer pressure and evolving business needs, or inter-
nal factors, such as poor understanding of requirements and
technical infeasibility. Additionally, fluctuating market con-
ditions, global competition, governmental regulations, and
other factors significantly influence how the requirements
change over time [101]. Managing changes in software devel-
opment is critical for project success because inadequate
change management can lead to delays, increased expenses,
and project failure.

Requirement changes occur throughout the lifecycle,
including during maintenance. Agile methodologies help
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manage shifting requirements by prioritizing valuable user
stories, ensuring high-quality software, and maximizing the
business value. Effective change management, especially in
geographically dispersed teams with multiple stakeholders,
relies on effective communication and collaboration [81].
Various surveys have shown that a major cause of large soft-
ware project failures is the simultaneous change in require-
ments [102], [103]. Therefore, reprioritization is required to
adjust for any changes in the prioritization list.

In agile-scrum development, requirements are maintained
in a dynamic product backlog that is continuously reprior-
itized to adjust the changed requirements based on client
needs [104]. In traditional requirements engineering, the pri-
oritization process typically occurs once. However, in agile
environments, prioritization is required in every developmen-
tal life cycle [29]. The product owner plays a pivotal role in
managing and prioritizing the product backlog for agile soft-
ware development, ensuring that it aligns with evolving client
needs at the start of each sprint [28]. Agile software devel-
opment requires constant requirement prioritization, with the
requirements ranked in order at the start of each sprint.
Current methods frequently depend on outdated approaches,
which increase the risk of project interruptions and result
in significant costs [33]. Prioritization methods based on a
ratio scale, such as AHP, cannot be used for reprioritiza-
tion because of the huge complexity involved in pairwise
comparisons involving already prioritized requirements and
newly arrived or changed requirements. Limited research has
explored efficient agile requirement reprioritization, leaving
a critical gap in dynamic development environments [84].

One of the most important components of agile develop-
ment is requirement reprioritization, which aims to maximize
customer value and accommodate changing requirements.
However, the agile requirements engineering (RE) literature
provides limited insight into how reprioritization is actually
carried out in practice [19]. Neither the academic literature
nor the industry possesses robust and reliable reprioritiza-
tion techniques that demonstrate effectiveness. The field of
reprioritization remains relatively unexplored, and research
on efficient methods for conducting this activity with min-
imal effort is lacking [84]. After identifying the need for
reprioritization, we searched the literature that focused on
reprioritization and obtained a very small number of papers,
as shown in Table 19, with references and short descriptions.

The exploration of reprioritization through systematic lit-
erature surveys and case studies are held in a research paper.
This study aims to provide background information about
reprioritization and offer a detailed look at current practices
in the software industry. It explores different reprioritiza-
tion techniques by studying existing literature and real-world
examples from case studies. It conducts an in-depth investi-
gation through a specific case study focused exclusively on
reprioritization within a few multinational software devel-
opment organizations. Addressing a research question about
managing dynamism, the study concludes that none of the
existing techniques explicitly addresses the reprioritization
of decision aspects. The study suggests areas for future
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TABLE 19. Short description of the primary studies regarding
reprioritization.

Study ID Description

S44 The purpose of this research is to define
reprioritisation in software
development, distinguish it from
prioritisation, examine present
methods, identify research gaps, and
investigate future potential. Using a
thorough literature survey, previous
case studies, and a detailed case study
of multinational software
organisations, it concludes that
efficient reprioritization methods are
vital for competitiveness and calls for
advanced reprioritization strategies to
address industry needs.

S51 This article examines incremental
development in mass-market software,
focusing on decision-making,
requirement prioritization, and
reprioritization to enhance quality,
reduce costs, and shorten delivery
times. Insights from two multinational
and one medium-sized company show
that  minimal-effort  prioritization
boosts initial increments, while
efficient reprioritization  enhances
delivery efficiency.

S34 This paper proposes Adaptive Fuzzy
Hierarchical ~ Cumulative  Voting
(AFHCV), an improved version of
FHCV with an adaptive mechanism to
handle runtime events. It adds new
requirements, reallocates, alters
priorities, and reprioritizes, enhancing
overall results.

S55 This paper proposes a reprioritization
technique that minimizes effort by
reducing pairwise comparisons while
covering most requirements. Evaluated
on a live system, the technique showed
higher requirement coverage and
reduced effort for reprioritization.

S69 This  paper  supports  dynamic
reprioritization in Agile by exploring
issues in prioritization decision-
making. It presents a client-based
model for inter-iteration prioritisation,
and intends to provide a decision-
support tool that incorporates value and
cost criteria to improve practices.

investigation by the scientific community and identifies
research gaps in the field of reprioritization. The main empha-
sis is on the need for effective reprioritization techniques to
better manage software development in organizations [S44].
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Another case study examines the role of prioritiza-
tion and reprioritization in both requirements and decision
aspects for creating an implementation order in the incre-
mental delivery of evolving software, emphasizing their
importance for the success of software products and the
survival of developing organizations in the market. They
conducted their interviews in a few software developing
firms in the fields of web, mobile, and desktop applica-
tions. The results of the interviews are presented in this
study. It demonstrates how frequently there are gaps in
customer- and developer-centric prioritization and repriori-
tization activities. Key findings indicate that while priorities
frequently change over time, the priorities of decision aspects
rarely change, resulting in neglected reprioritization. There
is a recognized need for an effective, low-effort tech-
nique to adjust the priorities of the already implemented
requirements [S51].

Researchers in software engineering have illustrated var-
ious requirement prioritization techniques. Selecting a spe-
cific prioritization method is entirely dependent on the
nature and objectives of the project. However, existing
techniques often fail to adapt whenever the value of a
requirement’s attributes changes and are not suitable when
decision-makers are uncertain about assigning points to
requirements [S34].

Reprioritizing requirements involves changing the order
of importance for requirements that have already been
implemented, as well as updating the requirements that
are new, delayed, and modified. Requirement prioritization
is dynamic owing to this approach. These changes occur
because of different factors, such as shifts in stakehold-
ers’ viewpoints and decision aspects as well as changes in
the environment, such as competitors and business rules.
These factors force software analysts to re-evaluate and reas-
sign requirement priorities accordingly. The product owner
is responsible for reprioritizing new or changed require-
ments in the product backlog. Therefore, there is a need
for an effective reprioritization method that requires minimal
effort [S55].

Thus, it is evident from the above explanation that reprior-
itization techniques that can adapt to requirement changes in
agile contexts are urgently needed. Agile teams should ideally
have effective mechanisms for fast adjustment to changing
circumstances, enabling flexible and adaptable user require-
ment prioritization. However, the techniques currently in use
are inadequate for dealing with constant growth and changes
in requirements. This highlights the need for more research in
the field of reprioritization as well as the necessity of a useful
reprioritization method.

F. RQ6) WHAT ARE THE AVAILABLE REPRIORITIZATION
TECHNIQUES?

In this research question, we explore whether there are
any techniques available for reprioritisation. After under-
standing the need for reprioritization in ASD based on
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research question 5, we explored reprioritization techniques
if available. Therefore, we used our search strategy to find
relevant literature. There are no solid, trustworthy, and effec-
tive reprioritization methods in the academic or industrial
literature. There is a scarcity of research on effective ways
to perform reprioritisation with little effort, leaving the topic
mostly unexplored. For reprioritisation, a few conceptual
models are available [18], [68], [104], [105]. However,
we obtained only one reprioritisation technique based on
pairwise comparisons [S55]. We found additional techniques
that emphasized the importance of reprioritisation without
specifically focusing on it. Instead, they emphasize increasing
the coverage of events that can occur at runtime. [S34].
However, because they used fuzzy logic to deal with uncer-
tainty and changes that are uncertain, their methodological
approach is appropriate for an agile context and may be used
for reprioritization. However, more thorough investigation is
required to support this viewpoint. Table 20 presents the two
available techniques, with their objectives and limitations.

The table presents two available techniques: reprioritiza-
tion of pairwise compared requirements and Adaptive Fuzzy
Hierarchical Cumulative Voting (AFHCV).

The approach proposed for reprioritisation worked well for
reprioritizing the requirements that were compared pairwise.
It focuses only on new, changed, or high-impact requirements
and adjusts the priorities of related requirements based on
dependencies. It takes a hierarchical approach, first catego-
rizing requirements as ‘‘high,” “medium,” or “low” priority
using a numerical assignment mechanism before selectively
using pairwise comparisons. The primary rationale for this
is that if the requirement’s priority is determined to change,
there is a good chance that all other requirements, whose
execution is dependent upon this requirement or vice versa,
will also likely see their priorities adjusted to align with
the new and relative priorities. The technique was tested
in a live case study with automated tools for requirement
prioritization, proving its capacity to considerably reduce
the number of pairwise comparisons while maintaining full
coverage. However, this approach has limitations, such as
trouble handling ties, exponential growth when compared to
more requirements, and challenges in maintaining accurate
dependency hierarchies at the systems scale. Furthermore,
they may fail to adapt to rapidly changing priorities in agile
environments [S55].

The current techniques for prioritizing requirements are
inadequate in situations where decision-makers are uncertain
about how many points to assign to various requirements.
An article proposed the integration of fuzzy logic with
requirement prioritization methods to address ambiguity and
uncertainty. The reaction of the system to change serves
as the foundation for justifying the addition of an adaptive
mechanism. To effectively manage uncertainties in the face
of extremely dynamic consumer or stakeholder requirements,
it is recommended that adaptive mechanisms and fuzzy
logic be integrated. The suggested Adaptive Fuzzy Hierar-
chical Cumulative Voting (AFHCV) incorporates an adaptive
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TABLE 20. Existing technique regarding reprioritization.

Techniques

Description

Limitations

Stud
y ID

Requirement
reprioritizatio
n for pairwise
compared
requirements

The proposed
technique had
been suitable
for
reprioritizatio
n of
requirements
that are
pairwise
compared

1)Handling
ties or equal
preferences
can be
challenging
within the
pairwise
comparison
framework

2) As the
number of
requirements
increases, the
number of
pairwise

comparisons
grows

exponentially

3) Limited
stakeholder
involvement in
dependency
assessment
can result in an
inaccurate
hierarchical
structure,
leading to
suboptimal
prioritization
due to an
incomplete
understanding
of the true
nature of
dependencies

4) As the
software
system grows,
maintaining an
accurate
hierarchical
structure  of
dependencies
becomes
harder

5) The method
can be time-
consuming
and resource-
intensive
especially for
large projects

S55

AFHCV
(Adaptive
Fuzzy
Hierarchical
Cumulative
Voting)

To expand the
range of
possible
events at
runtime, the
proposed
Adaptive
Fuzzy
Hierarchical
Cumulative
Voting
(AFHCV)
technique
combines an

DIt doesn't go
into  specific
details  about
the exact steps
involved in the
reprioritizatio
n process
within
AFHCV
technique.
Although it
mentions that
reprioritizatio
n is part of the

S34

TABLE 20. (Continued.) Existing technique regarding reprioritization.

AFHCV technique adaptive
(Adaptive combines an mechanism, it
Fuzzy adaptive provides some
Hierarchical mechanism general  steps
Cumulative with the commonly
Voting) already- associated
existing with the
Fuzzy process.
Hierarchical 2)The
Cumulative scalability of
Voting the technique
(FHCV) might be a
technique concern,
especially
when dealing
with large
projects or
complex
hierarchical
structures.
3)The
technique's
effectiveness
may be more
theoretical
than practical
if it hasn't been
extensively
validated in a
diverse set of
real-world
scenarios.

mechanism into the existing Fuzzy Hierarchical Cumulative
Voting (FHCV) technique. The goal of this integration is
to improve the adaptability in response to runtime events.
Requirements are arranged hierarchically, triangular fuzzy
numbers are used for fuzzification, and stakeholder feedback
and modified decision parameters are used for reallocation
and reprioritization. A comparative study showed that the
AFHCYV performed better than the FHCV in terms of results.
However, AFHCV lacks specific details on the reprioritiza-
tion steps and raises concerns regarding scalability for large
projects or complex structures. In addition, the practicality of
the technique may be limited if it is not tested in diverse real-
world scenarios. The reliance of this technique on the human
assignment of priorities may lead to longer processing times,
which is another limitation [S34].

It is necessary to close this critical gap because both the
literature currently in publication and industrial practices
lack sufficiently efficient reprioritisation plans. Uncontrolled
changes throughout the development process pose a serious
danger of disrupting projects in Agile Software Develop-
ment (ASD) because of a lack of suitable tools for dynamic
decision-making in response to requirement changes. In addi-
tion, the lack of strong reprioritization techniques may make
it more difficult for the team to adjust to changing mar-
ket conditions and client demands, which could jeopardize
the general responsiveness and agility essential to ASD.
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Improving the effectiveness and success of agile projects
requires addressing these limitations.

IV. IMPLICATIONS FOR RESEARCH AND PRACTICE

This systematic literature review has significant implications
for academic research on agile software development and
industrial practice. It emphasizes the importance of agile
software development projects to succeed by using efficient
methods for requirement prioritization and reprioritization
to provide value to stakeholders. This study offers a thor-
ough overview of state-of-the-art requirement prioritization
techniques by examining both the conventional and newly
developed Al-based and semi-automated approaches.

This review identifies critical gaps in the existing litera-
ture, particularly in the area of requirement reprioritization.
Agile projects are dynamic and iterative, which means that
ongoing reprioritization is required to effectively adapt to
changing requirements and stakeholder needs. However,
anotable deficiency in robust techniques and structures exists
for systematically managing frequent reprioritisations. This
emphasizes the necessity of creating more sophisticated tech-
niques that are scalable and adaptable.

Researchers are encouraged to look into advanced meth-
ods, including artificial intelligence and machine learning
algorithms, to improve the flexibility and responsiveness
of requirements management procedures. This review high-
lights how Al-based approaches may be used in requirement
prioritization as a potential area for future work. Some of
the most promising techniques include fuzzy logic, machine
learning, and optimization-based approaches, which can han-
dle the uncertainties and complexities of agile environments.
However, more empirical validation and real-world testing
are required to establish their effectiveness and reliability.
Thus, researchers should concentrate on developing artificial
intelligence models capable of predicting changes in prior-
ities, optimizing decision-making processes, and providing
up-to-date recommendations for action.

Similarly, semi-automated approaches that combine both
manual and automated procedures have been discussed as a
way to streamline requirement prioritization. These methods
help balance the flexibility of manual processes with the effi-
ciency of automation. Research needs to develop and refine
these hybrid solutions to ensure that they are user friendly and
adaptable across various project contexts.

This review provides useful insights for practitioners of
various requirement prioritization techniques. By under-
standing the strengths and weaknesses of diverse techniques,
practitioners can select them appropriately based on their
unique project requirements. In addition, this study highlights
some challenges associated with requirement prioritization,
where scalability issues, constant changes, and neglecting
non-functional requirements are the most discussed prob-
lems. Thus, practitioners can anticipate and mitigate frequent
project challenges. These can be managed by recognizing
such challenges, thus putting plans in place to improve
stakeholder participation, control dependencies, and align
evolving requirements with project objectives.
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Exploration of Al-based and semi-automated techniques
offers practical solutions for improving the prioritization
of requirements. Using fuzzy logic-based methods, practi-
tioners can attempt to manage uncertainty and ambiguity,
or use machine learning models to predict changes in pri-
ority. Many benefits accrue to an organization when it
employs semi-automated techniques that enable it to stream-
line its processes by combining human judgement with
automated efficiency. Additionally, Agile projects require
dynamic reprioritisation because they require flexibility and
responsiveness. Therefore, reprioritization techniques should
be incorporated into this process so that frequent changes
can be handled without much trouble, because project
conditions change very quickly. It is important to note
that these approaches ensure that critical requirements are
always prioritized, thereby delivering the maximum value to
stakeholders.

V. THREATS TO VALIDITY

The threat to validity assessment is a crucial component of
any empirical study, including systematic literature reviews
(SLRs). This typically involves evaluating several types of
validity, such as construct, internal, external, and conclusion.
Other forms of validity, such as theoretical and interpretive
validity, are rarely mentioned in software engineering [106].
Therefore, in our study, we discuss three types of valid-
ity: internal validity, construct validity, and external validity,
to ensure the quality of our study.

A. INTERNAL VALIDITY

According to Kitchenham and Charters, a typical threat to
SRL is the examination of all research papers and pertinent
papers related to specific research questions [42]. Our aim
was to optimize the internal validity by selecting relevant
online databases containing an adequate number of pertinent
studies. Five well-known online databases were selected:
IEEE Xplore, Springer Link, Scopus, Science Direct, and
ACM Digital Library. Some of these databases, such as ACM
and IEEE, were specifically focused on in our field of study,
and included all journal articles and conference proceedings.
To optimize internal validity, we also searched a variety
of current scientific publications for effective and compre-
hensive search terms, including synonyms, other substitute
words, and acronyms, that pinpoint and explore the specific
study subject. A backward and forward evaluation of the
selected studies was performed using the snowballing search
strategy to locate relevant articles that would be missed if the
search phrase was limited.

B. CONSTRUCT VALIDITY

To optimize the construct validity, we used the guidelines of
Kitchenham and Charters for article selection [42]. We main-
tained high standards by carefully assessing each article to
ensure compliance with predetermined criteria and assessing
the quality of the included studies. Data extraction forms were
created to gather data, confirm the information gathered, and
provide a checklist for identifying the required data. Data
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synthesis is a methodology that attempts to provide com-
prehensive answers to significant research issues regarding
the method of requirement prioritization and reprioritization
in agile software development. At this stage, the retrieved
data were initially categorized into manual, Al-based pri-
oritization, semi-automated, and reprioritization techniques.
Through this categorization, we addressed the research ques-
tions that we wanted to answer. We aimed to cover the
prioritization and reprioritization techniques, and our selected
primary studies successfully covered all of these parts. How-
ever, there is a lack of available studies on reprioritisation
techniques. We obtained a sufficient number of primary
studies to cover the prioritization process in all categories.
We provide our best efforts to maximize the construct validity
of our research using a systematic approach.

1) EXTERNAL VALIDITY

External validity refers to the extent to which a study’s find-
ings can be generalized beyond its specific context. In this
study, we focus on prioritization and reprioritization tech-
niques in the field of agile software development. This study
included 76 articles gathered using the forward and back-
ward snowballing strategies. Using this approach allowed
us to include a large amount of relevant literature, which
enhanced the external validity of the study by including
different research perspectives on requirements prioritising.
Therefore, our findings provide valuable guidance for future
software engineering research, particularly in the field of
requirement prioritization. The challenges associated with
agile software development (ASD) have also drawn attention
to more significant problems with requirement engineering
that must be fixed. Thus, our results cover several aspects of
requirement prioritization in software engineering and extend
beyond ASD.

VI. FUTURE WORK

In this systematic literature review, the exploration of require-
ment prioritization and reprioritization in agile software
development (ASD) indicated topics that require further
research. The dynamic nature of agile projects requires tech-
niques that can closely manage the changing requirements
and stakeholder needs. To address the challenges and limi-
tations described in the current literature as well as emerging
approaches to improving the agility and effectiveness of soft-
ware development processes, this section highlights future
work.

Some potential future works include:

1. It is important to develop and evaluate dynamic repri-
oritization techniques that can manage rapid changes
that occur in agile projects. The goal of this study
is to develop techniques that adapt to the changing
requirements of stakeholders and project conditions.

2. Integrate machine learning and artificial intelligence
into processes to prioritize requirements, with an
emphasis on developing flexible AI models and hybrid
strategies that combine Al-driven automation with
human expertise.
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3. Improve semi-automated approaches for prioritiza-
tion by creating hybrid approaches that are flexible
and easy to use. Researchers must focus on various
factors, including risks, costs, time restrictions, and
importance.

4. Empirical validation is required for many of the sug-
gested Al-based and semiautomated approaches to
determine their efficacy in actual agile projects. Experi-
ments and case studies should be part of future research
to support these techniques.

5. The scalability and applicability of prioritization tech-
niques should be the focus of future research, particu-
larly in large-scale projects with multiple stakeholders.
However, most of these techniques have scalability
issues. Accordingly, different frameworks and tools to
support prioritization processes for projects at various
levels of complexity are being created.

6. More research is needed to determine how the best
stakeholders can be engaged in the process of prior-
itizing their requirements, particularly when artificial
intelligence-based techniques are used. This is accom-
plished by developing an interface that can be easily
navigated without many restrictions and ensuring that
all stakeholder values and goals have been appropri-
ately recorded and represented in the outcomes.

7. Alongitudinal research study will help track how agile
project lifecycles are affected by various prioritiza-
tion and reprioritization strategies, providing insights
into possible downsides as well as long-term benefits
in relation to different approaches, such as Scrum or
Kanban.

By addressing the areas outlined in this future work
section, researchers can significantly contribute to the
advancement of requirement prioritization and reprioritiza-
tion techniques in Agile Software Development, thereby
improving the efficiency and effectiveness of agile develop-
ment practices.

VII. CONCLUSION

A systematic literature review performed with the objective
of identifying and categorizing techniques used for require-
ment prioritization and reprioritization in the context of ASD
presents a relevant understanding of the current state of
the art and highlights several gaps in the current state of
knowledge. This review, which adhered to the guidelines
of Kitchenham and Charters, systematically extracted and
synthesized data from 76 primary studies, offering valuable
insights into the most commonly used techniques, effec-
tiveness of Al-based and semi-automated approaches, and
challenges and limitations faced in the field. MoSCoW, Ana-
lytic Hierarchy Process (AHP), Cumulative Voting, Kano
Model, and Cost-Value Ranking were found to be the most
commonly used techniques in ASD according to the review.
These techniques have been widely used because of their
efficiency in confirming the evolution of stakeholder needs
with project outcomes. However, the dynamic nature of
agile projects necessitates continuous reprioritisation, and
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this review underscores the need for more robust and scalable
techniques to manage this effectively.

Al-based methods for requirement prioritization, such as
fuzzy logic, machine learning techniques, and optimization
algorithms, show potential because they can handle prioritiza-
tion challenges. Although empirical validation in real-world
agile projects is required, these methods are promising in
terms of efficiency and flexibility. Research has also been
conducted on semi-automated approaches, which combine
both manual and automatic elements, and promising results
have been noted, especially in areas such as the usability and
flexibility of prioritization techniques.

A literature review revealed some significant shortcomings
and challenges of the present study. Significant issues include
the computation of costs, scalability, and dynamic reprioriti-
zation techniques that can adapt to the changing conditions
of the project. There is a clear need for further research and
development in this area, as there is a notable lack of reli-
able methods and frameworks to effectively manage frequent
reprioritisation.

Most primary research studies included in the quality
assessment displayed high levels of validity and reliabil-
ity. In contrast, four studies were invalidated for failing to
meet the minimum standards set for excellence. This detailed
assessment guarantees that the conclusions derived from the
review are valid and reliable, thereby forming a solid founda-
tion for further research and applications.

The importance of the implications of the research findings
for future academic and industrial research courses is also
discussed. To provide value to stakeholders, this study also
highlights the significance of implementing efficient tech-
niques for requirements prioritization and reprioritization in
ASD initiatives. To identify significant gaps in the literature,
the need for advanced techniques that can be scaled and
adjusted to the dynamic character of agile projects, especially
in the area of requirement reprioritization, was proposed.

In conclusion, this systematic review provides a compre-
hensive overview of requirement prioritization and reprior-
itization techniques for ASD, outlining the strengths and
weaknesses of current techniques. This study contributes to
the ongoing development of agile methodologies by identify-
ing gaps in literature and suggesting new research directions.
To ensure the success of agile projects and their ability to
adapt to the changing requirements of stakeholders and the
dynamic nature of software development, there is a clear
need to develop more effective and efficient reprioritisation
techniques.
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TABLE 21. (Continued.) Quality assessment criterion.

S66 1 1 1 1 1 5
S67 1 1 1 1 0.5 4.5
S68 1 1 1 1 1 5
S69 1 1 1 1 1 5
S70 1 1 0.5 1 1 4.5
S71 1 1 1 1 1 5
S72 1 1 0.5 1 1 4.5
S73 1 0.5 0.5 1 1 4
S74 1 1 0.5 1 1 4.5
S75 1 1 0.5 1 1 4.5
S76 1 0.5 0.5 0.5 0.5 3

[S70]M. Harman, A. Skaliotis, K. Steinhofel, and
S. Steinhofel, “Search-Based Approaches to the Com-
ponent Selection and Prioritization Problem,” in Pro-
ceedings of the 8th annual conference on Genetic
and evolutionary computation, 2006. [Online]. Available:
https://doi.org/10.1145/1143997.1144321

[S71]P. Avesani, C. Bazzanella, A. Perini, and A. Susi,
“Facing Scalability Issues in Requirements Prioritization
with Machine Learning Techniques,” in /3th IEEE Inter-
national Conference on Requirements Engineering (RE’05),
IEEE, 2005. [Online]. Available: 10.1109/RE.2005.30

[S72]D. Greer and G. Ruhe, “Software release plan-
ning: An evolutionary and iterative approach,” Inf Softw
Technol, vol. 46, no. 4, pp. 243-253, Mar. 2004, doi:
10.1016/j.infsof.2003.07.002

[S73]P. Avesani, S. Ferrari, and A. Susi, ‘“Case-Based
Ranking for Decision Support Systems,” 5th Interna-
tional Conference on Case-Based Reasoning, ICCBR 2003,
Springer, 2003. [Online]. Available: https://doi.org/10.1007/
3-540-45006-8_6

[S74]K. Deb, A. Pratap, S. Agarwal, and T. Meyari-
van, “A Fast and Elitist Multi-objective Genetic Algorithm:
NSGA-II,” IEEE TRANSACTIONS ON EVOLUTIONARY
COMPUTATION, vol. 6, no. 2, 2002

[S75IM. S. Feather and T. Menzies, “Converging on
the optimal attainment of requirements,” in Proceedings of
the IEEE International Conference on Requirements Engi-
neering, IEEE Computer Society, 2002, pp. 263-270. doi:
10.1109/ICRE.2002.1048537

[S76]A. J. Bagnall, V.J. Rayward-Smith, and I.M. Whit-
tley, “The next release problem,” Inf Softw Technol, vol.
43, no. 14, pp. 883-890, 2001, [Online]. Available at:
www.elsevier.com/locate/infsof

APPENDIX B

QUALITY ASSESSMENT CRITERION

This section presents the quality assessment criteria listed
in Table 21. After applying the quality assessment criteria,
scores for the five criteria were collected for evaluation. The
quality evaluation defined three levels: a high level with
scores ranging from 4.5 to 5.0, a medium level with scores
from 3.5 to 4.0, and a low level with scores from 2.5 to 3.0.
The final quality score for each primary study was calculated

VOLUME 13, 2025

by adding the scores of the five quality checklist questions
listed in Table 4.
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