
Received February 5, 2022, accepted February 13, 2022, date of publication February 15, 2022, date of current version March 24, 2022.

Digital Object Identifier 10.1109/ACCESS.2022.3152073

A Comparative Systematic Analysis of
Stakeholder’s Identification Methods
in Requirements Elicitation
FAHIM MUHAMMAD KHAN1, JAVED ALI KHAN 2, MUHAMMAD ASSAM 3,
AHMED S. ALMASOUD4, ABDELZAHIR ABDELMABOUD5,
AND MANAR AHMED MOHAMMED HAMZA6
1Department of Software Engineering, National University of Modern Languages, Islamabad 44000, Pakistan
2Department of Software Engineering, University of Science and Technology Bannu, Bannu 28100, Pakistan
3College of Computer Science and Technology, Zhejiang University, Hangzhou 310027, China
4Department of Information System, College of Computer and Information Science, Prince Sultan University, Riyadh 12435, Saudi Arabia
5Department of Information System, College of Science and Arts, King Khalid University, Abha, Muhayil, Aseer 62529, Saudi Arabia
6Department of Computer and Self Development, Prince Sattam Bin Abdulaziz University, Al-Kharj 16278, Saudi Arabia

Corresponding author: Manar Ahmed Mohammed Hamza (ma.hamza@psau.edu.sa)

The authors extend their appreciation to the Deanship of Scientific Research at King Khalid University for funding this work under grant
number (RGP.2/111/43). The authors would like to acknowledge the support of Prince Sultan University for paying the Article Processing
Charges (APC) of this publication.

ABSTRACT [Context and Motivation] Before eliciting and gathering requirements for a software project,
it is considered pivotal to know about concerned stakeholders. It becomes hard to elicit the actual system
requirements without identifying relevant stakeholders, leading the software project to failure. Despite the
paramount importance of stakeholder identification in requirement elicitation, it has been given less attention
in the software engineering literature. [Method] For this purpose, we conducted a thorough Systematic
Literature Review (SLR) on stakeholder identification (SI) and its methods in requirement elicitation.
However, previously, a literature study on SI in the requirement elicitation was conducted. We found that
no one has proposed any standard or baseline research method for stakeholder identification, stakeholder
assessment, and stakeholder interaction up to date according to our knowledge. It provides an opportunity
to update the current SLR on SI in requirements elicitation from 2011 till 2021 to search for a baseline
methodology for the SI. For this purpose, we explored the existing literature research that involves the
SI methods in requirements elicitation. [Principle Ideas/Results] Furthermore, we identify and capture
seventeen research methodologies for SI, eight key stakeholders interaction methods, and ten stakeholders
assessment methods in requirement elicitation. To further enhance the stakeholder identification process,
we additionally identify pivotal information such as different potential stakeholder categories, stakeholder
assessments methods, and stakeholder interaction methods. Also, based on the proposed SLR, we find out
the existing gaps and new opportunities for SI methods in the requirement elicitation. [Contribution] These
SI methodologies help requirements engineers and practitioners identify key stakeholders and efficiently
improve the requirements quality. Moreover, this research study helps identify the effective practices used for
the traditional and CrowdRE SI, recover consequences that can affect the effectiveness of SI, and recommend
advisable SI practices to be employed in the future. This research study would help the software researchers
and developers efficiently and accurately identify correct and concerned stakeholders to improve end-user
satisfaction instead of considering it a self-evident task.

INDEX TERMS Stakeholder identification, stakeholder methods, requirement elicitation, SLR.

I. INTRODUCTION
Requirements engineering (RE) is a process in which
the most diverse set of product demands from distant

The associate editor coordinating the review of this manuscript and
approving it for publication was Mario Luca Bernardi.

stakeholders are gathered that are considered by the prac-
titioners for software development. These two reasons
make requirements engineering complex and critical [1].
RE consists of five main phases: elicitation of require-
ments, analysis of requirements, specification of require-
ments, validation of requirements, and requirement change
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management. Whereas each requirements activity is exe-
cuted separately, it should perform or separated sequen-
tially [2], [3]. A ‘‘requirement’’ is a necessary attribute in
a system or statement that identifies a system’s capability,
characteristic, or quality factor that has a value and utility
to a user [4], [5].In the first phase of requirement engineer-
ing, we focus on identifying the concerns of stakeholders
[6]–[8]. The requirements elicitation is an activity within
requirements engineering that is concerned with discovering
the needs of stakeholders for software development, either
from scratch or evolution [9]–[12]. We need to consider
stakeholders’ concerns before starting the elicitation phase.
A stakeholder in an organization is any group or individual
who can affect or is affected by achieving the organization’s
objectives [13]–[16]. It is evident in the literature that before
finalizing, stakeholders first analyze its influence on the
project/system [17], [18].

SI in requirement elicitation is poorly handled and valued
in software projects. One possible reasonmight be the process
is viewed as a self-evident task in which the direct users and
the development team are the only stakeholders. Also, there is
a debate and confusion that software vendors usually forget or
do not consider indirect stakeholders for the software appli-
cations. Therefore, it is mandatory and pivotal to properly and
on-time identify all the concerned stakeholders to improve the
quality of software applications and achieve higher user sat-
isfaction [153]. It’s believed that Stakeholder Identification
might be substituted with opinions or knowledge from other
more accessible sources of information [19], [20], [29]–[31].
To date, most of the researchers identify stakeholders with
the traditional approaches/techniques, such as focus groups,
interviews, and snowballing [32], [38]. The quality of the
elicitation of requirements, particularly the software require-
ments themselves, is directly dependent on the completeness
and correctness of the identified stakeholders [13], [34]–[36].
Adequate, accurate, and on-time recognition of stakeholders
is vital in software requirement engineering. However, the
most critical issue in requirement engineering is to ensure that
all the relevant stakeholders are identified and captured accu-
rately.Moreover, in light of this issue, it is also being seen that
when multiple vital stakeholders do efforts for the same goal,
they probably face contradiction in such situations; that’s why
requirements may be vague and cannot be acquired by the
appropriate stakeholders. Therefore, the accurate stakeholder
with its desired nature must be accomplished before starting
requirement elicitation [150]. In Contrast, it has received rare
attention in the requirements engineering literature compared
to other aspects, like user involvement in software develop-
ment and scenario-based process prioritization [37].

Furthermore, properly identifying stakeholders is the first
step to bind the system interest and correctly defines the
problem of concerns [14], [19]. Therefore, the identifica-
tion of stakeholders is of paramount importance to reduce
the uncertainty of the validity of a system to be devel-
oped [12], [20], [21]. In other words, SI has a pivotal
impact on requirements quality [19], [22], [46]. Despite the

importance of SI in requirements elicitation, it has been given
less attention in software engineering literature [23], [24].
However, Pacheco and Garcia conducted a detailed SLR
(Systematic Literature Review) study on SI methods in
requirement elicitation. In their proposed SLR study, the
authors claimed that to date there is no such method exists to
identify stakeholders for requirements elicitations. Recently,
software researchers have given more importance to the
requirements elicitation phase, while some researchers have
proposed methods for SI. It motivates us to update the current
SLR for the SI to provide an opportunity to the requirements
analysts and development team to improve the overall soft-
ware quality by identifying concerned stakeholders at the
beginning of the project [25], [26], and [28]. In this research
work, we extended the four main research questions (the
status of SI in RE, effective practices for SI, consequences
due to incorrect identification of stakeholders, and advisable
approaches for performing SI) from Pacheco and Garcia [19]
SLR to identify baseline methods for SI by exploring the
literature from 2011 till 2020. Therefore, we explored the
existing literature research involving the SI methods and
identified additional 42 pivotal research papers that discuss
and contribute to stakeholder identification. By critically ana-
lyzing these research papers, we were able to recover and
capture seventeen methods for SI in Requirement Elicitation
and updated the research questions of the original SLR to give
a better and comprehensive overview of SI to the researchers
and software developers. Furthermore, we find the existing
gaps and new opportunities for the SI methods in the require-
ment elicitation.

Section 2 represents related work to the proposed SLR,
Section 3 describe the proposed research methodology,
Section 4 represents the results and analysis, which comes
against the proposed research study, Section 5 discuss the
findings from the SLR, and Section 6 concludes the research
paper on SI and discusses the future work.

II. RELATED WORK
In this section, we discuss the important related work
for stakeholder identification. The detailed literature study
is elaborated in Table 1 also explained below to elicit
the proposed approach in the research paper and identify
the stakeholders-related activities performed in the paper.
Table 1 is comprised of three columns; the ‘‘Authors’’ column
describes the author names who proposed the SI approach.
Column ‘‘proposed approach’’ explains an abstract introduc-
tion to the SI method proposed by the authors. At the same
time, the last column explains the SI activities performed
or covered in the proposed approach. The detailed literature
study builds a sound background in the field of SI.

Stakeholder Identification in requirement elicitation is
poorly handled and valued in software projects. While one
wouldn’t collect all the relevant requirements until and unless
you have not identified the relevant and exact stakeholders,
because of that, if one’s get any ambiguities in the elici-
tation process, then it would be very hard to accomplish
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your project according to its desired outcomes as requirement
elicitation is the benchmark and foremost step of software
engineering [152]. Pacheco and Garcia [19] conducted a
systematic literature review on stakeholder identification, but
their study limits a few aspects. For example, they could not
identify baseline stakeholder identification methods, stake-
holder assessment approaches, and baseline stakeholders
interactionmethodologies. Furthermore, their proposed study
did not cover any knowledge or findings on crowd-based
requirements engineering. Also, Hujainah et al. [116] con-
ducted a detailed systematic literature review, which mainly
focuses on requirements prioritization. They identified that
current prioritization approaches are limited in identifying
key stakeholders for requirements prioritization tasks. Also,
Limaylla et al. [154] discuss that requirements identification
and prioritization are the core concept of software quality.
They proposed a semi-automatic multiple-criteria process
that can ensure the appropriate prioritization of requirements
and decrease stakeholder participation, but still, there is a tiny
lack of considering indirect requirements (Functional or Non-
Functional requirements), and for that, we need to focus on
the identification of indirect stakeholders [154]. Additionally,
Coughlan et al. [83] conducted a closed systematic review of
593 different stakeholders and filtered, ordered, and sorted
out the stakeholders based on a four-dimensional framework
which is consisted of: Type, Mediator, Class, and behavior of
stakeholders to efficiently identify requirements.

Sadiq and Jain [33] claim that previously goal-based
requirements engineering approaches, such as goal-oriented
requirement elicitation process (GOREP), knowledge acqui-
sition for automated specification (KAOS), attributed goal-
oriented requirement analysis (AGORA), and goal-oriented
idea generation (GOIG), couldn’t support Stakeholder Iden-
tification. In light of this, they proposed a stakeholder iden-
tification approach that consists of several steps: stakeholder
specification types, stakeholder specification roles, a fuzzy-
based approach to select and classify stakeholders, and
stakeholder inquiry or analysis. Zaharia and Hodorogea [7]
proposed an automated approach to identify research stake-
holders using information retrieval methodologies over a set
of research papers containing the same keywords. For this
purpose, they employ the JADE (Java Agent Development
Framework) approach installed on relevant nodes and will
assess the users of this framework to automate the process.
Such an approach can also be utilized and modified to iden-
tify key stakeholders for engineering requirements. Similarly,
Miles [71] proposed a stakeholder identification approach
that identifies and prioritizes stakeholders for a software
project based on his interest, relationship nature, the base
of their Legitimacy, nature of duty or responsibility, risk
nature, and power nature. Salado and Nilchiani [20] proposed
a brainstorming based approach in which the system will
ask certain questions to identify concerned stakeholders, such
as Why: Why you have this system?, How: How does this
system make a response?, Where: Where does this system
work?, andWhat: What does the system do? to better identify

key stakeholders. Ballejos and Montagna [22] proposed an
interview-based approach that identifies key stakeholders by
identifying stakeholder type, stakeholder role, stakeholder
selection, establishing links between the stakeholders, and
finally analyzing the influence of each stakeholder on the
software project. Recently, Lim and Finkelstein [10] pro-
posed an automated StakeRare approach to identify potential
stakeholders, which works as 1. Initially, stakeholders will
be identified by a requirements engineer, 2. Then the iden-
tified stakeholders will recommend further relevant stake-
holders, 3. By this, a network of stakeholders will be
established, 4. Finally, the proposed method will prioritize
stakeholders and their roles as an output.Whilemore recently,
Khan et al. [5] proposed an automated approach to identify
key stakeholders and their corresponding contributions in the
social media platform (Reddit forum) by analyzing their user
names.

In summary, before starting the requirements elicitation
phase, stakeholders from different backgrounds, areas, expe-
riences, understandings, and viewpoints need to be precisely
identified to effectively and efficiently define their require-
ments. The relevant stakeholders can influence the outcome
of the system/project. These concerned stakeholders have
their needs and expectations based on their understanding,
viewpoints, and experiences. The software system requires to
fulfill these expectations and requirements [17], [20], [58].
For this purpose, we conducted a detailed literature study
on stakeholder identification to identify baseline stakeholder
identification methods, stakeholder assessment approaches,
and interaction strategies between stakeholders and can help
in stakeholder management and requirement elicitation. Ref-
erence [7], [18], [58]. An abstract view of the literature study
is shown in Table 1.

III. PROPOSED RESEARCH METHODOLOGY
There is a quite difference between Systematic literature
review (SLR) and conventional literature review, such as,
SLR is a study in which we have to answer specific research
questions. In SLR, the main goal is to answer what we have
to do and how it will be achieved in the best way, along
with the proofs and shreds of evidence [122]. Compared to
the conventional literature review, the SLR provides a unique
procedure and results, including literature evaluation of a
problem, future research directions, and highlighting current
limitations [35], [39], [40], [146]. Thus, in comparison with
the conventional and traditional methodologies, SLR is alter-
native literature [26], [41], [42].

This research study is concluded as a preliminary review,
and that review by itself is a secondary study. The litera-
ture review or secondary research will be meaningful in fur-
ther researching or identifying any deficiency in the current
research. To see the impact of SI in RE on software quality,
as discussed in section 1, we become motivated to see the
implications of SI in RE, how it can be improved and how
it has been performed. Furthermore, we also followed the
guidelines proposed by Babra Kitchenham, where they have

30984 VOLUME 10, 2022



F. M. Khan et al.: Comparative Systematic Analysis of Stakeholder’s Identification Methods in Requirements Elicitation

TABLE 1. Literature study.

developed different guidelines for conducting a systematic
literature review, which was first presented in 2007 [43].
Latterly, they updated the SLR guidelines in 2013 by intro-
ducing the quasi gold standard technique, which we have
also adopted and followed in our current research approach.
We can highlight the main drawbacks in requirements engi-
neering and software engineering using these guidelines
while conducting the SLR study. Following these guidelines,
we have taken the following steps.While the detailed research
methodology for the proposed SLR is depicted in Figure 1.
The Figure is self-explanatory, and each step is depicted in
the Figure 1 is explained thoroughly in the below steps.

A. IDENTIFY THE NEED FOR SYSTEMATIC LITERATURE
REVIEW
According to the department of defense (DOD), RE is the
phase of software development that consists of different
life-cycle processes dedicated to the identification of user
needs, investigation of requirements, requirement documen-
tation, validation of the software requirements, and all of
the concerned processes which support its activities [33].

The different activities in requirement engineering are
elicitation, analysis, specification, and requirement valida-
tion [13], [44]. Our targeted activity in this research paper
is requirements elicitation because it is pivotal to identify
key and relevant stakeholders to properly, in-time, and cor-
rectly gather end-user requirements that lead within budget
and in-time completion of software projects or applications.
In the requirements elicitation phase, we gathered require-
ments from different sources, such as systems and the con-
cerned stakeholders. Therefore, through this research study,
we try to minimize this effect by focusing on the require-
ments elicitation phase. For this purpose, before starting the
software requirement elicitation phase, stakeholders from dif-
ferent backgrounds, areas, experiences, understandings, and
viewpoints need to define their requirements effectively and
efficiently. Moreover, the relevant stakeholders can influ-
ence the outcome of the system/project [34]. These con-
cerned stakeholders have their needs and expectations from
the system based on their understandings, viewpoints, and
experiences [4]. The software system requires to fulfill these
expectations and requirements [34], [46]. The stakeholders’
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FIGURE 1. Proposed research protocol.

study and identification are the pivotal sources to know how
to maintain the concerned stakeholders in a rapidly change-
able and inconsistent environment [47]–[49]. The SI is a
difficult and challenging phase of the requirements elicitation
for the practitioners and researchers [35], [50]–[53]. The
researchers and practitioners have done much work on SI and
their interests, but as per the literature study, the researchers
called it a self-evident task or an adoptive process [26].
To fill the gap, it is required to update the original SLR
and conduct a new detailed systematic literature review to
explore existing standard or baseline SI methods and pro-
vide empirical and theoretical evidence regarding this issue.
Therefore, to update the SLR in requirement elicitation by
exploring and identifying the research shreds of evidence for
SI methods/Approaches. Additionally, we will incorporate
other aspects of software quality that can be beneficial for
software practitioners to improve the software quality.

B. FORMULATE REVIEW RESEARCH QUESTIONS
With the help of the proposed systematic methodology,
we have highlighted those aspects through which we could
improve the quality of software products regarding SI in
RE. Furthermore, we summarized evidence intending to find
baseline research methods for SI. For this purpose, we thor-
oughly evaluated and analyzed different research papers in
the proposed system literature review to answer the below
research questions:
RQ1- How are stakeholders identified in the literature, and

do any baseline SI methods exist?
RQ2- What key stakeholder assessment and interaction

methods exist in the SLR?

RQ3- What activities or practices should be considered
when designing a SI method for traditional and Crow-
dRE methodology?

RQ4- Does incorrect SI affect requirement elicitations and
software projects?

For this research study, the proposed research questions are
inspired by Pacheco and Garcia [19] approach to identify
existing approaches for stakeholder identification and other
relevant information, such as stakeholder communication
methods, stakeholders assessments, effective practices for
SI, and consequences of incorrect SI, to help requirements
engineers in improving the overall performance of software
applications by achieving high user satisfaction.

C. SEARCH STRATEGY
We used an automated search strategy by collecting all of
its shreds of evidence from the online databases/sources,
as shown in Figure 1. We derived different keywords to
answer the four research questions, such as stakeholder, iden-
tification, method, and requirements elicitation. The possible
Synonyms for the derived keywords are:
• Stakeholder = Stakeholder
• Identification = Recognition
• Methods = Techniques
• Requirement Elicitation = Requirement Gathering

1) SEARCH STRINGS
To accomplish our search study, we developed some research
strings to identify research papers for SI. Searching databases
are the libraries where we search desired research papers
using different search strings. Table 2 shows the results of
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TABLE 2. Search terms and strings.

TABLE 3. Results of pilot study.

the search strings applied in distant search engines, from
where the research papers for the proposed literature study
are gathered.

Furthermore, we have conducted a pilot study to ensure
the accuracy of the search strings. The pilot study has a
pivotal role in searching research papers, due to which we
can smoothly evaluate our search strings and get the actual
results. In Table 3, we show the results of different search
strings, which we have tried before finalizing the original
search string.

A representation of our pilot study from different search
engines, such as IEEE, Science Direct, ACM, and Springer,
is depicted in Table 3. There are two types of results against
each search engine. The first row represents the results of
the trial search string, while the second row represents the
actual search string’s results. The result shows that we col-
lected many research papers with the trial string, although
several research papers were considered inappropriate, such
as identified from irrelevant research domains. In contrast, the
search results with the actual search string are mentioned in
the second row of Table 3, where themost relevant and related
research papers are identified against the targeted research
topic, resulting in fewer research papers relevant to the SLR
domain.

2) SEARCH ENGINES
To execute the search results for the proposed SLR, we iden-
tify some popular search engines that help recover and cap-
ture pivotal research papers in the domain of SI, such as
ACM, IEEE, Springer, and Science Direct (SD), as shown
in Figure 1. To explore the recent work published on
SI, we applied the search strategy to the aforementioned

databases to find the research papers (both journal and con-
ference). Furthermore, each search result was checked and
validated for a secondary review. We applied all the four
search strings of the derived keywords mentioned above.

3) TIME PERIOD
For the search string, we have covered the duration of
eleven years from 2011 to 2021, and the reason is that
we found a research gap in the original SLR, indicating
that there is a need to update the original SLR [19] to
identify a baseline methodology for the SI and other relevant
information.

4) ANCILLARY SEARCH PROCEDURES
Snowballing is a technique to search relevant research papers
from the primary study where we focus on a preliminary
study references list or academia. We ask one concerned
SI expert to tell about another relevant research study that
is worth considering as a relevant study in the proposed
SLR. Snowballing refers to identifying new papers based on
those citing the research papers being examined in the pro-
cess [54], [55]. Similarly, we have used primary references
of our study to identify and capture relevant literature if it is
missed in our search string results.

5) SEARCH PROCESS EVALUATION
Quasi Gold standard is used to evaluate the research find-
ings. As mentioned before, we have used the snowballing
technique to identify and capture relevant research papers to
evaluate and analyze our research in line with some known
research papers, where the result of the quasi gold stan-
dard was above 80%. Initially, 13 (articles were identified
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TABLE 4. Quasi gold standard.

TABLE 5. Research papers reviewed.

randomly, of which eleven research papers were relevant.
Table 4 listed the research papers that came as a result of
the random search before finalizing the search string for the
proposed SLR.

Both primary and secondary pieces of evidence were used
when finding the accuracy of search strings and found rele-
vant results upon extracted search strings.

D. INCLUSION
We have included all the relevant studies of the search result
in our proposed SLR. According to the SLR topic (Stake-
holder identification), we tried several search strings to get

the most suitable and relevant results according to the SLR
topic (Stakeholder identification). After getting several hun-
dred research papers, as shown in Table. We included only
those papers in the proposed SLR, which fulfill our inclusion
criteria. The inclusion criteria’s for the proposed SLR is as
follows:
• Precisely covered any of the research questions or syn-
onyms in the targeted study.

• Year-wise publications: 2011–2021.
• Tracking researchers publications who directly develop
and propose methodologies in the field of SI

• Research papers are written only in the English language

30988 VOLUME 10, 2022



F. M. Khan et al.: Comparative Systematic Analysis of Stakeholder’s Identification Methods in Requirements Elicitation

TABLE 6. Quality assessment criteria.

E. EXCLUSION
We excluded all the irrelevant publications to ensure the
accuracy of our search results, such as:
• Slides (not accepted in research references).
• Laboratories/Workshops.
• Viewpoints, Opinions/Storytelling.
• Those research papers do not have any evidence or
empirical analysis.

• Research papers other than the English language
Furthermore, the paper selection for the proposed SLR was
performed iteratively, as shown in Table. First, we identi-
fied 1487 research papers from the four distant research
engines using the developed search string. After applying
the exclusion criteria over the selected papers in the first
iteration, we reduced the size of the research papers to 99.
Thirdly, while reading the title, abstract, or sometimes full
text of the research paper, we further reduce the size of the
research papers to 58, amongst which 54 papers are included
for the proposed SLR, amongst which 15 research papers
were identified using the snowballing method that belongs
to other research databases or more specifically journals,
such as, PAKJET, international journal of business and social
research, Ingenta connect, MDPI, IET, Wiley, and google
scholar. Furthermore, four research papers are discarded from
the SLR because of irrelevancy to the SLR goal. While the
remaining 41 papers are still considered relevant as the poten-
tial references for the research approach because these papers
still pose some relevancy to the proposed SLR, as shown
in Figure 1. Furthermore, we additionally found 45 research
papers about stakeholder identification, but these papers were
already included in the Pacheco and Garcia [19] SLR. Most
of these research papers are published between 2000 to 2010.
Therefore, we did not include these research studies as a
primary source for evaluation and identification of stake-
holder’s related information but as secondary studies source,
as depicted in Figure 1. Secondly, it is considered pivotal
as researchers and software engineers will find up-to-date
and comprehensive literature about stakeholder identification
together. In a nutshell, we shortlisted 54 research papers that
are thoroughly and comprehensively analyzed to identify rel-
evant stakeholder identification data and update the existing
literature and research questions.

F. QUALITY ASSESSMENT CRITERIA
Table 6, shows the results of the quality assessments for the
research papers included in the SLR, which is derived by

evaluating each research paper in the proposed SLR for SI.
By analyzing, we found that one research paper was catego-
rized as poor because it didn’t cover any of the research ques-
tions about SI. Three research papers were partially accepted
because there was a lack of benefit to our presented research.
Altogether, we rejected these four research papers from our
search study. In comparison, the remaining 54 research papers
fully satisfy the SLR objectives and research questions, hence
included for the SLR study to identify useful information for
the stakeholders. The percentage of the 54 research papers is
identified based on the formula (No. of research paper/total
No. of research papers ∗ 100).

G. QUALITY ASSESSMENT
The quality checklist for the proposed SLR comprises three
questions, which need to be answered for each research paper
included in the SLR study. For this purpose, we applied these
three questions to the proposed literature study one by one
and answered each question for each research paper included
in the SLR study.

Q1. Is the aim of the research sufficiently explained?
Q2. Is the presented approach clearly explained?
Q3. What is the acceptance quality rate based on the find-

ings for a paper?

To evaluate the quality of the included research papers in
the proposed SLR, we adopted scoring criteria, such as if
explained = 1, if partial = 0.5, and if not relevant = 0.
The scoring criteria are 0 to 1, for which 1 is assigned
to excellent or most relevant research papers in the SLR,
0.5 is assigned to partial or moderate research papers, which
includes only those that possess certain relevancy to the goals.
In contrast, ‘‘0’’ is assigned to the research papers that do not
correspond to the SLR research questions and are rejected.
The sample of research paper assessment in the proposed
SLR is shown in Table 7. Based on this assessment, we
rejected four research papers that failed to answer the quality
questions.

H. DATA EXTRACTION
The data extraction process is conducted with MS Word,
MS Excel, and Zotero software’s to record all the data and
references about the proposed SLR study in this research
paper. We categorized the research papers’ findings using
these existing data extractions software and updated the exist-
ing SLR for the SI in requirements elicitation.
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TABLE 7. Quality assessment checklist.

TABLE 8. Research papers selection & validation details.

I. STUDY SELECTION CRITERIA
Initially, using our search criteria, we found 1487 research
papers from the different online research databases, which
need to be filtered based on title, keywords, and abstract,
as shown in the Table 8 and the detailed pictorial represen-
tation are shown in Figure 1. While, in the second row and
second column of Table 8, we shortlisted research papers
based on the title, keywords, abstract, and introduction. In the
3rd review, we finalized 48 research papers that satisfy the
research questions and objectives of the SLR. Finally, four
research papers were rejected after filtering it with the quality
checklist, and 54 research papers were finalized and were
selected for further process of the proposed SLR.

IV. RESULTS
After critically reviewing and analyzing a large number of
research papers, only 54 research papers were selected that
discuss the target topic of SI in requirement elicitation by
executing our protocols. We can now complete our synthesis
and analysis phases. A large number of analyzed data is
not validated; therefore, we couldn’t add its implication in
requirement elicitation yet. In the below sections, we discuss
the results obtained by analyzing the distant research papers
selected for the proposed SLR on SI.

A. NATURE OF RESEARCH STUDIES
The reviewed studies are classified according to the Kitchen-
ham protocols [43] and the proposed SLR research method.

FIGURE 2. Empirical and theoretical study.

We followed a simple strategy to categorize the research
papers identified for the SLR. For this purpose, we classify
the research papers into the below categories such as:
• Empirical, such as research papers directly relevant to
the SLR topic, experimental, or preliminary work on
the said topic.

• Theoretical or conceptual studies are secondary research
studies known from some other sources.

Furthermore, Figure 2 shows that 95% of the research papers
included in our SLR study are categorized as empirical while
fewer studies (5) are identified as theoretical.
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FIGURE 3. Year-wise publication list of SI research papers.

B. PUBLICATION YEAR OF SEARCH ARTICLES
In total, we selected 54 research papers for stakeholder
identification from the literature, which are in between
the years 2011 to 2021. In contrast, four research papers
selected for this study are from 2004, 2006, 2007, and
2008, respectively. These research papers are considered
critical and pivotal for the SI, but unfortunately, they were
missed in the previous SLR [19] that was conducted in 2011.
In Figure 3, the most research paper published in a year on SI
is 2021, which is 10 research papers. It shows the growing
interest of researchers in stakeholder identification and its
importance with the emergence of social media platforms
where direct and indirect stakeholders frequently contribute
requirements-related information. Another aspect behind the
increased publication may be due to the awareness of its
importance or parallel with general publications on SI in
requirement elicitation. Also, the second most publication
published in a year on stakeholder identification is 2020,
i.e., 8 research papers. It is because of a rising trend towards
the utilization of web-based software applications, such as
web forums, recommendation systems and wikis, to collect,
elicit, model, validate and prioritize software requirements
from a large number of potential stakeholders and the emerg-
ing market of the mobile applications whose users are dis-
tributed geographically around the globe. Therefore, it is
pivotal to adopt stakeholders identification and prioritization
methods, listen to the needs and requirements of the potential
stakeholders, and improve the overall quality and user sat-
isfaction. Furthermore, from 2013 to 2017, we also see an
encouraging publication numbers, where different research
authors highlighted the importance of stakeholder identifica-
tion for the project’s successful completion. However, since

2011, the SI still needs much attention from the RE research
community because we identified only seventeen research
papers that precisely describe the proposed SI approaches.
Furthermore, according to our knowledge, there is still a lack
of efficiency and effectiveness in identifying stakeholders
where the existing SI methodologies further need improve-
ments and validations, specifically for the crowd require-
ments engineering. It is also captured in the literature that the
current approaches of SI are vague when it comes to the prior-
itization and characterization of stakeholders [23], [33], [61].

Additionally, to report the precise picture of literature
regarding SI in requirement elicitation, we have gathered
pieces of evidence against each research question, that what
techniques or methods exists in the literature on SI in RE
(RQ1); What key stakeholders assessment and interaction
methods exits in the literature (RQ2); what activities and
practices should be used when designing SI method for tra-
ditional and CrowdRE methodologies (RQ3), and what are
the implications of incorrect SI on requirements and software
system (RQ4). In the below sub-sections, we elaborated the
research questions based on the literature study.

C. STAKEHOLDER IDENTIFICATION TECHNIQUES
Answering to the RQ1, in the previous SLR [19], authors
could not identify and capture the standard or baseline
methodologies or techniques for the SI in requirement elicita-
tion. In contrast, we were able to identify and capture seven-
teen SI methods using the proposed SLR study, as explained
in Table 9. The Column ‘‘Method’’ shows the proposed name
of the SI approach in the research paper included in the
SLR. Column ‘‘Method description’’ offers an overview of
the proposed SI method, techniques used and explains the
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TABLE 9. Identified stakeholders identification methods in literature.
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TABLE 9. (Continued.) Identified stakeholders identification methods in literature.

TABLE 10. SI studies categories.

flow of the proposed SI methodology. The column ‘‘Paper
Reference’’ shows the authors’ names who propose the SI
method and its corresponding research paper link.

1) ADDITIONAL DETAILS ON TECHNIQUES OF SI
We elaborated some additional interesting information about
the proposed SLR compared to the SLR study of Pacheco &
Garcia [19]. They have identified seven research papers that
exclusively defined the stakeholder. In comparison, we have
identified 17 additional research papers that focus on the SI,
as shown in Table 10. Furthermore, in their SLR [19], they
identified 23 research papers that focus on the interaction
of stakeholders. While we additionally identified 11 more
research papers that exclusively focus on the interaction of

stakeholders. Finally, we find 13 new research papers in the
proposed SLR that focus on the assessment of stakeholders
compared to the previous SLR [19]. The details of the pro-
posed updated literature study compared to the previous SLR
study are depicted in the Table 10. Also, describe below:
Studies that exclusively describe
• stakeholders (17 (new) + 7 (old) = 24 (Total))

Studies focusing on the interaction
• between stakeholders (11 + 23 = 34)

Studies that include assessment of stakeholders (13 +
10 = 23) Furthermore, for RQ-1, we identify and capture
seventeen baseline or standard SI methods in RE. The authors
claim in their original SLR that no method exists for identi-
fying stakeholders [19] to date. In contrast, we have found
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TABLE 11. List of potential stakeholders.

seventeen methods/techniques for SI in requirement elic-
itation using the proposed SLR study. The proposed SI
approaches names, their detailed explanation, and the follow-
ing structure is discussed in Table 11.

Table 10 provides details on the different aspects of SI
in requirements elicitations. In the first row, we summarize
those research papers that precisely describe stakeholders,
focusing on whom and who the stakeholders are. Also, identi-
fied and captured the different names and roles that have been
assigned to the stakeholders in distant research papers in the
literature study. In the second row of Table 10, the distant
authors interpreted that interaction between stakeholders has
a vital role while identifying stakeholders in their research
papers. It would be beneficial if we mentioned interaction
between stakeholders [151].While in the last row of Table 10,
many research authors addressed that the assessment of stake-
holders is also pivotal in the identification phase because
precise assessment of system stakeholders leads to accurate
requirement extraction. In the below sections, each fine-
grained stakeholder identification findings are explained in
detail.

a: POTENTIAL STAKEHOLDERS
In the original SLR [19], the authors had identified two
categories for potential stakeholders. In contrast, we addi-
tionally identified 3rd category of the potential stakeholders
that is different from the other two identified categories of the
stakeholders in the literature. In Table 11, we have elaborated
on the distant stakeholders identified in the literature study.

Table 11 indicates that in the previous SLR study [19], the
authors created only two subcategories for potential stake-
holders. In contrast, we identified three subcategories of
potential stakeholders, user, developer, and legislator, rele-
vant to the development team and customer, as elaborated in
Table 10. These stakeholders are identified from the literature
while critically analyzing different research papers included
in the literature study.

b: INTERACTION BETWEEN STAKEHOLDERS
Interaction is a link/communication between two or more
stakeholders for discussing, solving, and analyzing any
requirements-related activity, and it is considered piv-
otal while performing the stakeholder identification pro-
cess [123]. Table 12 shows the different interaction classes

between stakeholders identified using the proposed litera-
ture study compared to the previous SLR. In the first row,
we reported research papers that show a diagrammatic view
to show the internal phenomenon of organization stakehold-
ers in their proposed methodologies. Also, we compare the
new research studies identified compared to the previously
captured research studies. We were able to identify one
additional research paper compared to the previously identi-
fied 14 research papers, such as (14+1 = 15). Thus, we now
have 15 research papers focusing on stakeholder interaction
by displaying the proposed process graphically. Furthermore,
we identified and captured six additional research papers
that precisely described making interactions, selecting key
stakeholders, and observing all the relevant stakeholders the-
oretically to the already identified eight research studies in the
previous SLR [19], as shown in Table 12, row 2, column 3.
It is the second category of additional details; wemainly focus
on the theoretical view of the interaction between stakehold-
ers. Those research studies in which the author explains the
interaction between the stakeholders or between stakeholders
and organizations are a diagrammatic representation. Those
studies that elaborate this interaction in a theoretical or sum-
mary form are a theoretical representation.

For RQ2, unlike the previous SLR study [19], we go
one step deeper and critically analyze the research papers
in the proposed SLR that focuses on stakeholder interac-
tions to identify widespread or most frequent stakeholders
interactions methods. The details of stakeholder interactions
methodologies are shown in Table 13. The column ‘‘interac-
tion method’’ indicates methods or concepts used to provide
interactions between the stakeholders. Column ‘‘Proposed
method description’’ shows the consolidated abstract of the
proposed approaches, and the column ‘‘reference paper’’
shows the corresponding research paper reference in the pro-
posed research paper. As shown in Table 13, the researchers
have proposed multiple approaches to assess potential stake-
holders, such as Win-win methodology, debate, discussion,
social network, communication, discussion, etc. It is con-
cluded from Table 13 that Win-win methodology, debate &
discussion, and social network are identified as the most
frequently used approaches to achieve interaction between
the potential stakeholders successfully. However, it is still
challenging to identify procedures for interacting between
the potential stakeholders for open-source or market-driven
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TABLE 12. Interaction between stakeholders.

software development because of the large number of poten-
tial stakeholders involved in the discussion over a consider-
able time. We only identified one research paper [64] that
proposed stakeholder identification and interaction method
for open source software development, which needs further
exploration and research.

c: ASSESSMENT OF STAKEHOLDERS
In Table 14, we reported fourteen research studies that have
been identified in the literature, which assess the stakehold-
ers based on their importance (dominance or importance).
In contrast, the authors did not report this category in the
original SLR study [19]. Also, eight research papers have
been additionally identified in the literature study that has per-
formed stakeholder assessments based on the priority interest
in the project (stakeholder skills or stakeholder potentials) in
comparison to the original SLR study [19].

We need to assess the stakeholders because there is a
possibility that we identify many stakeholders for a specific
project, which might not be possible to access every stake-
holder due to the time and cost constraints [13]. Therefore,
we require procedures or methodologies that can be used to
assess and prioritize different stakeholders to have a positive
impact on the software project. In this section, we focus on
the experiences of the expert for the SI purpose. In assess-
ing stakeholders, we assess the stakeholders from different
studies according to their priorities and how they mark stake-
holder influence on an organization project. In Table 14,
we reported research studies that precisely define the skills
and assessment of stakeholders in their proposed methodolo-
gies. In Table 14, we summarized the results obtained from
the proposed SLR against RQ2, where we additionally identi-
fied eight research papers (shown in 2nd row of Table 13) that
mentioned the skills of stakeholders in the project, compared
to the already identified four research studies in the original
SLR study [19]. Furthermore, in the second category, the
previous SLR study did not report research studies about the
importance of stakeholders. At the same time, we can identify
fourteen research studies that identify stakeholders based on
their significance in the project. The results are summarized
as follows:

• Stakeholder list according to their importance. (14+
0 = 14)

• Priority Interest in the project (Skills). (8+4 = 12)

We identified two categories of stakeholders. One category
is different from the stakeholders’ categories identified in
the original SLR findings [19], such as stakeholders’ prior-
ity interests in the project and stakeholder list according to
their importance. When comparing to the original SLR [19],
we identified one new category for stakeholders assessment
from the proposed literature, for which different authors of
the research papers assess the stakeholders based on their
interest in the project/system. The details of the stakeholder’s
assessments are shown in Table 14.

For RQ2, we critically analyze the research papers in the
proposed SLR that focuses on stakeholder assessment to iden-
tify widespread or most frequent stakeholders assessment and
evaluation methods. The details of stakeholder assessments
methodologies are shown in Table 15. The column ‘‘assess-
ment approach’’ indicates methods used to assess poten-
tial stakeholders. Column ‘‘Proposed method description’’
shows the consolidated abstract of the proposed approach,
and the column ‘‘reference paper’’ shows the corresponding
research paper reference in the SLR. As shown in Table 15,
the researchers have proposed multiple approaches to assess
potential stakeholders, such as comparative analysis, pair-
wise comparison, social network, fuzzy methods, discus-
sion, etc. It is concluded from the Table 15 that Pair-wise
comparison (AHP) and social network methodologies are
identified as the most frequently used approaches to assess
potential stakeholders. However, it is still challenging to iden-
tify and evaluate potential stakeholders for open-source or
market-driven software development. We only identified one
research paper [64] that proposed stakeholder identification
and assessment method for open source software develop-
ment, which further exploration is needed.

D. POSSIBLE EFFECTIVE PRACTICES AND CHALLENGES
TO IDENTIFY STAKEHOLDERS FOR TRADITIONAL AND
CROWD-BASED SOFTWARE APPLICATIONS
According to our knowledge, the previous SLR [19] on
stakeholder identification is outdated because the authors
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TABLE 13. Interaction between stakeholders.

TABLE 14. Assessment of stakeholders.

did not register or report any research papers that explicitly
discuss a baseline SI methodology. Therefore, it is required
to update the SLR study on stakeholder identification

to capture and recover the latest research practices and
approaches for the changing nature of software applica-
tions. For RQ3, this section elaborates on two aspects of

30996 VOLUME 10, 2022



F. M. Khan et al.: Comparative Systematic Analysis of Stakeholder’s Identification Methods in Requirements Elicitation

TABLE 15. Assessment of stakeholders.

stakeholders identification; first, we update the existing SLR
by identifying effective and efficient research approaches for
performing SI for traditional software development methods,
which need to be updated with the latest research articles.
Secondly, we highlighted the effective practices and chal-
lenges in identifying potential stakeholders for market-based
or crowd-based software applications, which remains a hot
research area these days. Each aspect is elaborated in detail
as follow:

1) UPDATE EXISTING LITERATURE WITH UPDATED
RESEARCH PAPERS FOR TRADITIONAL SOFTWARE
DEVELOPMENT
We identify and capture the relevant updated research arti-
cles that discuss the effective practices and methodologies

for SI. The research papers captured for the effective SI
practices were distributed, across the three categories, such
as identifying and consulting all likely sources of require-
ments [29], [41], [46], [85], [108], identifying user classes
and their characteristics [4], [13], [31], [34], [38], [45], [56],
[58], [83], and [87]–[89], and identify & consult with the
stakeholders of the system [13], [28], [36], [37], [43],
[59], [61]. In line with the original SLR [19], our results are
also classified in the following three practices with updated
research articles, as shown in Table 16. The details are elab-
orated below:

• We were able to identify five additional research papers
compared to the original SLR study [19] for the category
of identification and consultation of all relevant sources
of requirements, as shown in the second row of Table 16.
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TABLE 16. Best SI practices.

Now in total, we have ten research papers identified for
this category, such as (5+ 5= 10), where the 5 presents
the reference of the previous SLR [19] and the remaining
five refers to the updated proposed SLR study.

• Similarly, we identified six additional research papers
compared to the original SLR study [19] for the cate-
gory of identified user classes and their characteristics,
as shown in the third row of Table 16. In total, we have
12 research papers identified for this category, such as
(6 + 6 = 12), where the first six presents the reference
of the previous SLR [19] and the remaining six refer to
the updated proposed SLR study.

• Also, we were able to identify six additional research
papers compared to the original SLR study [19] for the
category identify and consult with the system’s stake-
holders, as shown in the fourth row of Table 16. In total,
we have eleven research papers identified for this cate-
gory, such as (5 + 6 = 11), where the five presents the
reference of the previous SLR [19] and the six refers to
the updated proposed SLR study.

Our focus in this research study is to identify and capture
effective, pivotal, and suitable practices for conducting the
SI process in the requirements elicitation phase of require-
ments engineering. Similar to the original SLR [19], we also
identified three main categories of these practices for SI but
with updated research papers references. In the first category,
we need to identify all the relevant sources of requirements.
We need to identify user classes and their features/qualities
in the second category. While in the 3rd category, we need to
identify stakeholders that seek information about the software
system. The details of different research methods identified
from the literature about the effective practices for SI are
shown in Table 16.

2) EFFECTIVE PRACTICES AND CHALLENGES IN
IDENTIFYING POTENTIAL STAKEHOLDERS FOR
CROWD-BASED SOFTWARE APPLICATIONS
For RQ3, the previous SLR [19] mainly focuses on research
papers describing research approaches for stakeholder iden-
tification for in-house software development. Recently, due
to the emergence of social media platforms, such as user
forums, app stores, Facebook, Twitter, etc., potential stake-
holders more actively participate in these social media

platforms and frequently contribute requirements-related
information in user reviews for the market-driven soft-
ware applications [5], [133]. Such information is of piv-
otal importance for the requirements and software engineers
to make informed decision-making to improve the qual-
ity of software applications under discussion by consider-
ing the crowd-users opinions, issues, new features reported
in the end-user reviews [132], [138]. To timely gather
such requirements-related information, we need to track
the potential stakeholders in these social media platforms
and the traditional in-house stakeholders to take informed
requirements and software decisions. Therefore, we need
crowd-based stakeholder identification, analysis, and prior-
itization approaches to take advantage of a large pool of
stakeholders distributed geographically around the globe for
market-driven software applications. By critically analyzing
research papers in the proposed SLR, we find only a few
(6) research papers [5], [64], [68], [139], [141], [151] that
focus on identifying key stakeholders who frequently con-
tribute requirements-related information in the social media
platforms about market-based software applications. The one
possible reason for identifying fewer research papers is that
CrowdRE is still an emerging research area that needs the-
oretical and conceptual exploration. However, we reported
specific recommendations for identifying, analyzing, and pri-
oritizing stakeholders for gathering requirements for mark-
driven software applications by critically analyzing existing
literature and our understanding of the Crowd-based require-
ments engineering.

3) KNOW THE PURPOSE OF IDENTIFYING STAKEHOLDERS
In CrowdRE, we simultaneously perform multiple require-
ments engineering activities, such as identifying and
capturing functional requirements, new features, emer-
gent requirements, non-functional requirements, and issues.
Therefore, we need to identify the purpose of identifying and
capturing critical stakeholders in the social media platform to
perform specific requirements engineering activities. Further-
more, we need to specify or limit the time for determining the
CrowdRE activities in social media because crowd-users con-
tinuously submit a large number of end-user comments over
a period that might affect the performance of stakeholders
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identification method due to the presence of irrelevant or
outdated data.

4) IDENTIFY AND MINE USEFUL REQUIREMENTS
ENGINEERING REPOSITORIES
In CrowdRE, mainly information for requirements and soft-
ware engineers came from various social media platforms,
such as Twitter, user forums (Reddit, etc.), app stores,
issue tracking systems, or specialized crowdsourcing plat-
forms (Amazon Mechanical Turk (AMT)) [133]. There-
fore, we need to identify or select the CrowdRE platforms
where stakeholders mainly interact with each other. After
identifying the social media platforms, we need to col-
lect or mine requirements-related information (new features,
issues, non-functional requirements, etc.) and their avail-
able corresponding met-data (stakeholders name, email, user
name, etc.) registered by the various stakeholders in the
selected platforms using existing API or other freely available
extensions, such as PRAW.1

5) IDENTIFY SIMILAR STAKEHOLDERS IN THE SOCIAL MEDIA
In CrowdRE, a few hundred thousand end-users contribute
software and requirements-related information in the social
media platforms [5], which need to be analyzed to identify
similar stakeholders to reach the key contributors. Also, it is
common in social media platforms where crowd-users assign
different nicknames to themselves in the same social media
platform or various social media platforms [138]. The nick-
name is a self-selected name derived from the original name,
for example, Alikhan for Ali Khan. Additionally, some-
times crowd-users use a combination of names, nicknames,
or emails, such as aalikhan, alikhan501, or alikhan50111, etc.
We can resolve this issue by pre-processing themeta-data col-
lected in the previous step, which contains the stakeholder’s
name, email, user name, etc. For this purpose, we extract
the email string by removing the email domain; for exam-
ple, test501@yahoo.com is converted to test501. Next, the
email text is further cleaned by removing punctuations and
number if there is any. Next, get the crowd-user name asso-
ciated with the email and remove the middle name if there
is any. Next, we use text similarity algorithms, natural lan-
guage toolkit, and unsupervised learning algorithms, such as
KMean, genetic KMean, etc. to identify similar stakeholders
in the social media platforms [149]. Finally, we can iden-
tify similar stakeholders if slightly different end-users names
have similar email login names.

6) CLUSTERING STAKEHOLDERS AND CREATING
INTERACTIONS BETWEEN STAKEHOLDERS
In CrowdRE, many crowd-users submit feedback against the
software application under discussion, which is identified
either as a new feature, issue, emergent requirement, or non-
functional requirement. There is a possibility that distant
end-users recorded the same new software features, issues,

1https://praw.readthedocs.io/en/latest

emergent requirements, or non-functional requirements in
the social media platform. We can identify similar-minded
stakeholders in the social media platform and cluster them
into similar stakeholders groups using machine learning and
natural language processing techniques if they have reported
on similar issues, new features, or non-functional require-
ments in the social media platform. Furthermore, we can
use argumentation theory to create a stakeholder interaction
graph or tree between the crowd-users in the social media
platforms [138], [153] . The stakeholders who participated
in the social media platform are represented as nodes in
the argumentation graph and are connected through edges
if they are involved in discussing similar features, issues,
or non-functional requirements. For example, in the Reddit
user forum, crowd-users submit ten to a hundred arguments
in response to their immediate parent comment [64]. Such
representation of stakeholders in the social media platforms
helps resolve conflicts that arrive during the ongoing conver-
sation over the requirements-related information.

7) IDENTIFY STAKEHOLDER PRIORITIES IN THE SOCIAL
MEDIA PLATFORMS
We can identify the stakeholder influence in argumentation
networks by identifying the number of feedback provided by
each stakeholder in the social media platform using natural
language processing techniques [5], [64]. For this, we can
identify the number of comments submitted by each end-user
in the social media platform and add this score as a weight on
the edges. Next, we can employ weighted abstract argumen-
tation [140] semantics to identify the most influential stake-
holders in the network. Identification of key stakeholders in
CrowdRE is of pivotal importance to timely and efficiently
accommodating crucial requirements-related information in
the software application timely and efficiently.

E. IMPLICATIONS OF INCORRECT STAKEHOLDER
IDENTIFICATION ON SOFTWARE REQUIREMENTS
For RQ4, to complete a software project, it is important to
identify your actual stakeholders and how much each stake-
holder influences the project. In contrast, if you misidentify
the potential stakeholder for the software project, pivotal
and crucial distant stakeholder opinions are left out when
designing and developing the project plan. Furthermore,
incorrectly identifying key stakeholders can have long-term
consequences on a software project, as the potential stake-
holders are devalued or ignored and will expect to be ignored
or devalued in the future. One possible remedy to resolve this
issue is to list the diverse people or different organizations
that might impact or impact the software project. On the way,
there might be some interesting and supervising potential
stakeholders identified, such as the Wife of CEOs, analysts,
or media directly or indirectly interacting with the software
system. Later, we discard or remove stakeholders not relevant
to the software product initially identified as relevant and
important stakeholders.
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TABLE 17. Consequences of incorrect SI.

Also, we develop and write the software requirements
specification (SRS) document based on the software require-
ments gathered and analyzed from the system stakeholders.
Ultimately, if the actual system stakeholders were unidenti-
fied, the SRS document would not represent actual system
requirements. Therefore, the software project fails, i.e., not
satisfying the customer’s needs and requirements. For this
purpose, we need to analyze the Software Requirement Speci-
fication Quality (SRSQ), which is all about correctness, com-
pleteness, and consistency of the requirement specification,
where IEEE standard 830 precisely discussed this scenario
that it must be a part of SRS document [55]. Similarly,
the software requirements collected from the wrong stake-
holders might lead to incorrect requirements (Correctness).
Furthermore, if the unconcerned stakeholders or participants
are identified, this might result in incomplete requirements,
resulting in project failure and affecting the software require-
ments specification [6], [23], [46], [56]. Whereas, All the
ISO/IEC 25000, ISO 25010, and ISO 9126 have mentioned
the significance of these functionalities (Correctness, com-
pleteness, and consistency) as pivotal modules for software
quality [56]–[58], [128]. Many research approaches now
emphasize the importance of correctly identifying stakehold-
ers for the software project. We identified and captured the
relevant research articles in the proposed SLR study that
discusses the possible implications of incorrect SI for soft-
ware projects. Unlike the previous approach [19], the research
papers captured for the incorrect SI are distributed across the
two categories, system failures, and cost time & resources,
as shown in Table 17.
• We identify eight research papers in the proposed SLR,
unlike the previous SLR study [19], for the category of
system failure, as shown in the second row of Table 17,
whose fail to identify any research paper that emphasizes
the implication of incorrect stakeholder’s identification.
In total, we have eight research papers identified for this
category, such as (8 + 0 = 8), where the eight presents
the reference of the proposed updated SLR. The zero
refers to the previous SLR study, as they were unable
to identify research papers for this category, which is
considered a pivotal category for the success of software
systems [56], [57].

• Similarly, we identified four additional research papers
compared to the original SLR study [19] for the category
of cost time resources, as shown in the third row of
Table 17. In total, we have four research papers identi-
fied for this category, such as (4 + 0 = 4), where the

four represents the reference of the proposed updated
SLR [19]. The zero refers to the previous SLR study,
as they were unable to identify research papers for this
category, which is also considered an important category
for the success of software systems [14].

In summary, there were no categories and research papers
identified for the implications of incorrect SI in the original
SLR [19]. In contrast, identifying and capturing irrelevant
stakeholders can impact the requirement specification regard-
ing correctness, completeness, and consistency [124]. Our
proposed SLR identified two main categories for incorrect
SI consequences: system failure and cost times resources, as
shown in Table 17.

F. CAPTURED RECOMMENDED PRACTICES FOR
STAKEHOLDERS IDENTIFICATION
The involvement of relevant stakeholders guarantees to com-
plete the software system successfully [125]. We couldn’t
extract appropriate requirements until we identify relevant
stakeholders for the software system, and it can then lead to
the quality system [57], [63], [66], [117], [118]. Thus, SI is
as important as the other phases and activities for develop-
ing a software project or system. Using the proposed SLR
study, we were able to identify additionally four advisable
practices in the literature for future research, discussed as
follows:
• It is identified that although distant SI methodologies
have been identified in the literature using the pro-
posed SLR study, still, the validation of the developed
approaches for the SI is needed. Furthermore, a compar-
ative study is required to compare their efficiency and
effectiveness in actual software projects, such as how
much time and resources they will require to effectively
capture and identify the relevant stakeholders for the
software development project.

• To precisely understand the stakeholders’ relationship in
an organization, we still need to research the different
perceptions, such as what aspects stakeholders consider
to be involved in and what must be a mandatory situation
for SI.

• Additionally, we need to develop automated SI
approaches to automatically identify relevant stakehold-
ers for a specific in-house software domain or market-
driven software development. For example, we need to
identify distant stakeholders for a market-driven soft-
ware application, such as, Mobile applications whose
stakeholders are distributed geographically in the world.
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• We can adapt the existing state-of-the-art stakeholder
identification tools that help improve stakeholder man-
agement, which enhances the quality of the software
system by incorporating all stakeholder identification
steps. For this purpose, researchers have developed
some stakeholder management tools, such as Mindtool-
shttps://www.mindtools.com/pages/article/newPPM_
07.htm2 and simply stakeholders.3 Such stakeholder
identification and management can be utilized in the
future to enhance and automate the process.

We identified four additional issues that need improvement
in the SI process. SI is considered a pivotal activity in the
software engineering literature for the access of software
projects. Using the proposed literature study and the original
SLR [19], we identified that these issues need to be high-
lighted for future improvements. In the field of requirement
elicitation, the concept of SI is vitally Impactful. Moreover,
it can enhance the quality of software products by identifying
concerned stakeholders before starting a software project, and
that’s how we would be able to gather the desired require-
ments and avoid overlapping in requirements that can lead
to successful project completion [126]. Furthermore, it will
enable us to create a quality software requirement specifi-
cation document, which would be free of incompleteness,
inconsistency, and appropriateness.

A proper selection of stakeholders avoids requirement
overlapping and can guarantee the organizational desires
more rationally. Also, we would have an appropriate list of
stakeholders and familiars, while the key stakeholder will not
omit. The pros of proper SI are evident in several works of
literature [43], [119].

V. DISCUSSION
This detailed literature study aims to capture and identify
the importance of stakeholder identification for an effec-
tive and productive requirements elicitation activity. Require-
ments gathering and elicitation activity is the first phase of
the software development life cycle [47], [134]. It is a pre-
requisite to the other software development phases (design,
implementation, testing, and maintenance). In other cases,
it can cause solid system failure if one can miss proper
elicitation of requirements [142], [143]. Therefore, this liter-
ature study highlights the importance of suitable and correct
stakeholder identification methods, best stakeholder interac-
tions practices, and best stakeholder assessments and pri-
oritization techniques to help requirements engineers and
software developers efficiently and precisely understand the
software requirements, business domain, and operating envi-
ronment. Many research papers included in the proposed
literature study support this claim. To develop a user-friendly
and successful software application, one needs to capture
and identify correct requirements that satisfy the need of
end-users [135], for which we need to recover and identify

2accessed on 1 November 2021.
3https://simplystakeholders.com/ 1 November 2021.

correct and relevant stakeholder’s [10], [33], [54], [62],
[67]–[69], [110].

Furthermore, it is challenging for larger and market-based
software applications to correctly and efficiently identify key
stakeholders [5], [64]. For example, a rising trend towards
the utilization of web-based software applications, such as
web forums, recommendation systems and wikis to collect,
elicit, model, validate and prioritize software requirements
from a large number of potential stakeholders. On the other
hand 24,730 direct distant stakeholders were identified who
contributed 34,982 issues against 562 open-source software
applications [151]. Such a large number of end-users needs
to be prioritized to reach and identify key stakeholders who
are frequently contributing requirements-related information
in the social media platforms against the open-source soft-
ware applications.. Also, agile software development adopted
by large organizations, such as telecom and automotive,
to develop software applications encounters the challenges
of many stakeholders, different teams, multiple projects,
and various features, making it challenging to coordinate
between development teams and stakeholders involved [155].
Similarly, software vendors organization faces severe stake-
holder identification challenges when dealing with collab-
orative software, such as Microsoft Dynamics CRM [148].
In contrast, they have more than thousands of customers
who interact directly with the software, a few hundred poten-
tial partners, and many other indirect stakeholders affected
directly or indirectly by the software application. It is still
challenging and critical for such collaborative software to
identify key stakeholders because of the large number of
stakeholders involved and open interfaces [148]. Recently,
a headline was made in US 2020, when an indirect end-user
Robert Williams is wrongly identified by a facial recognition
application and arrested as wanted criminal [153]. Therefore,
it is pivotal to identify indirect stakeholders called outside of
organization stakeholders that are not direct system users but
are affected by the system in different ways [156]. The Crow-
dRE paradigm and approaches can be utilized to reach out-
side organization stakeholders. Furthermore, domain-specific
stakeholders can be identified from professional social media
networks, such as LinkedIn, Xing, Conferences, or Twitter,
using surveys, NLP toolkit, or machine and deep learning
approaches.

Therefore, keeping in view the importance of the key
stakeholder’s identification for the requirements engineer-
ing and requirements elicitation in general, we conducted
a systematic literature review, which aims to identify best
practices and research approaches that focus on key stake-
holder identification, stakeholder interaction and assessment.
For this purpose, we identify seventeen pivotal stakeholder
identification approaches and best practices used in the lit-
erature elaborated in their corresponding research papers.
The best practices for stakeholder identification adopted from
the literature are building a social network of stakehold-
ers, classification and prioritization of stakeholders based
on their influence on the software projects, conducting
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interviews and focus group activities with the stakehold-
ers, stakeholders role, communications skills, interest and
concerns, influences, and interpersonal skills. These are the
most mentioned practices in the literature used for correctly
identifying key stakeholders incorporated by the researchers
in their proposed research methodologies. Also, we identify
research papers and their corresponding research approaches
in the proposed SLR study, which focus on stakeholder’s
assessment to improve and enhance the quality of gathered
requirements by identifying correct and suitable stakeholders.
For this, we recovered ten frequently used best practices for
stakeholders assessments to efficiently and correctly identify
stakeholders to gather quality requirements. Amongst the
identified practices, Pair-wise comparison (AHP) and social
network methodologies are recovered as the most frequently
used approaches to assessing potential stakeholders to collect
requirements efficiently.

Similarly, stakeholder interaction is graded as a pivotal
part of stakeholder identification in the literature. For this,
we identified and captured eight best practices and frequently
used approaches for stakeholder interaction and commu-
nication to improve the quality of gathered requirements
and improve the overall quality of the software application
under development. Among the eight captured best prac-
tices, the win-win methodology, debate & discussion, and
social network are the most frequently used approaches
to achieve interaction between potential stakeholders suc-
cessfully. We concluded that effective interaction between
the stakeholders leads to satisfactory requirements elicita-
tions, minimizes ambiguities between the stakeholders over
requirements gathering, and overcomes conflicts, which is a
mandatory activity in requirements engineering, particularly
crowd requirements engineering where few hundred end-
users are interacting with the software application directly
or indirectly. It is recommended in the literature to have an
effective interaction between the stakeholders; it is required
that concerned stakeholders must possess better and more
effective communication skills when performing requirement
elicitation activities.

Therefore, it is pivotal first to identify and prioritize the
identified stakeholders because not all the identified stake-
holders are equally important to elicit requirements [136]. For
this purpose, we can classify or divide the identified stake-
holders into different stakeholder groups, such as critical-
stakeholders, major-stakeholders, normal-stakeholders, and
minor-stakeholders. One possible solution is to cluster many
potential stakeholders for the mobile and web-based applica-
tions into smaller groups that can be easily managed and ana-
lyzed by introducing un-supervising clustering techniques,
such as Genetic K-means, Kmeans, etc. [149]. Furthermore,
it is mandatory to consider cultural and sociotechnical factors
when identifying indirect system stakeholders for market-
based software applications, i.e., face recognition systems,
etc., that are currently overlooked, which might have seri-
ous consequences [153]. For this purpose, we need to bor-
row methods and techniques from social sciences, such

as soft system methodology that explore complex social
human affairs with an extensive picture analysis. Simi-
larly, to improve requirement prioritization and stakeholder
identification for software product lines and market-based
applications development, one can employ natural language
processing and machine learning algorithms to automate the
process and reduce the large number of direct and indirect
stakeholders involved in requirements engineering activi-
ties [154]. Another challenge in the literature review study is
that end-users identified for the requirements-related activ-
ities do not participate more often when they interact or
collaborate to complete certain activities. For this purpose,
the gamification approach can improve the overall quality of
software applications by efficiently and accurately identify-
ing stakeholders needs and requirements by improving com-
munications, collaboration, participation, and commitment
and minimizing conflicts between the stakeholders [147].
Additionally, it is mandatory to assess and evaluate the stake-
holders identified for the requirements elicitation activities to
ensure that best suited and relevant stakeholders have been
shortlisted for the software application to achieve user satis-
faction and improve software quality. Recently, researchers
have proposed a goal-question-Metric approach to identify
potential stakeholders by defining certain goals, generating
certain questions for how to reach the goals, and then using
some metrics to answer the questions [152]. Similarly, con-
structing an undirected graph network of stakeholders where
nodes represent potential stakeholders and edges represents
collaboration on the submitted requirements [151].

Furthermore, in the proposed research approach, wemainly
emphasize the identification of potential stakeholders to
develop the right software system,which satisfies the needs of
the stakeholders. For this purpose, we identify an additional
category of pivotal potential stakeholders that includes leg-
islators, regulators, external consultants, project managers,
sales representatives, executive chairperson, digital directors,
and potential owners. Our research approach is to identify
maximum potential stakeholders to cover a large pool of
distant software users that might interact directly or indirectly
with the software application. Also, there might be more
categories and types of stakeholders depending on the nature
of the software application. The approach should first identify
maximum stakeholders, while some might be discarded later
when prioritizing the potential stakeholders to remove the
redundancy.Moreover, the researchers emphasize that correct
stakeholder identification and its relevant role in the software
are important for eliciting effective and corrective require-
ments [136]. It is necessary to select or shortlist stakeholders
that can contribute their knowledge, which improves the
quality of requirements [65], [67]. For this purpose, one can
adopt both qualitative and quantitative approaches to recover
the useful and pivotal stakeholder knowledge to improve the
requirements elicitation activities [151], [152]. One such
approach is to identify important and influential stakeholders
by employing the analytic network process (ANP) [129]
or the Analytic hierarchy process [130] and evaluate them
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against knowledge, role, influence, interpersonal skills, inter-
est, and relationship [63].

Additionally, we critically analyzed different research
papers on stakeholders’ identification in the proposed
literature study. We found that some researchers have pro-
posed and suggested best practices for stakeholder iden-
tification. Utilizing these best practices can enhance the
overall requirements gathering process to improve software
quality. We categorized the identified research papers and
their proposed best practices for stakeholder identification
into three groups: identification and consultation of all rel-
evant sources of requirements, identifying user classes and
their characteristics, and identifying/consulting with the sys-
tem’s stakeholders. Such information is considered pivotal
for successful and quality software applications. Further-
more, we were able to identify the consequences of incor-
rect stakeholder identification through the proposed SLR
study. We debated in our proposed approach if require-
ments are gathered from wrong or irrelevant stakeholders
that might lead to incorrect, ambiguous, and incomplete
stakeholder requirements, thus affecting the software require-
ments specification document, which results in the project
failure [144], [145]. For this purpose, we identify two main
categories from the literature studies that gathering or elic-
iting requirements from incorrect or wrong stakeholders can
lead to system failure and exceed the development project’s
cost and time. Finally, we argue that due to the emergence of
social media platforms, such as user forums, app stores, Face-
book, Twitter, etc., both direct and indirect stakeholders more
frequently contribute requirements-related information about
market-based and OSS applications in the form of end-user
reviews [5], [131], [133], that are considered an important
alternative source to the already existing in-house stakehold-
ers. For this purpose, we proposed certain recommendations
by adopting the CrowdRE approach by first knowing the
purpose of identifying stakeholders, recovering and mining
useful crowd requirements repositories, identifying similar
stakeholders and clustering them using NLP toolkit and unsu-
pervised learning algorithms, creating interaction between
the stakeholders using undirected graph network, and finally
prioritize the identified stakeholders into different groups
based on their influence, stakeholders role, communications
skills, interest and concerns, influences, and interpersonal
skills.

VI. CONCLUSION AND FUTURE WORK
We conducted a detailed and comprehensive systematic lit-
erature review on SI methods in requirement elicitation.
We used Babra Kitchenham guidelines for performing the
proposed SLR [120]. Accurately and precisely identifying
the relevant stakeholders, its management, and capturing its
influence are risky for project success [56]. Accurately identi-
fying stakeholders may lead the project to success, or missing
SI can cause the project to fail. According to the original
SLR [19], there was no method for SI in requirement elici-
tation. It was considered a self-evidence task that only users

and developers are the only stakeholders. In contrast, it is
considered an inheritance activity that varies from project to
project.

We updated fourmain research questions from the previous
SLR [19], which we answered in the proposed literature
study. The dominant one is that is there any standard or
baseline method for SI in RE?. While analyzing different
research studies in the proposed SLR, we identified sev-
enteen SI methods and, which are: a novel approach [54],
a StakeRare method [10], a GOREP method [33], an intel-
ligent agent-based approach [7], A soft system methodol-
ogy [27], contextual and behavioral centric approach [20],
stakeholder Evaluation/Analysis Process [62], stakeholder
Matrix [63], stakeholder analysis influence method [64],
research/Stakeholder Model [65], StakeQP [66], design Sci-
ence Approach [55], systematic approach, Stakeholder selec-
tion framework [67], and StakeSoNet [68]. To answer the
second research question of our proposed research study,
we identified and captured ten effective practices for stake-
holder interactions using the proposed SLR. We organized
the proposed literature into three inherited and included cate-
gories in the proposed SLR. For research question 3, we thor-
oughly describe guidelines for stakeholders identification for
crowd requirements engineering. Also, we additionally iden-
tified through the proposed SLR study two causes for the
consequences of incorrect SI: project failure, loss of time, and
cost. The incorrect identification of stakeholders might cause
the software development company and end-users to eradi-
cate the contract due to loss of time and cost [127]. Research
question 4 is about the implication of incorrect stakeholder
identification on requirements and software projects; we
identified several issues or concerns: effectiveness (coverage
of stakeholders) and efficiency (time to identify stakeholders)
of stakeholders.

This SLR study targets mainly the requirement engineers
as they work closely on requirement elicitation activities,
such as identifying the main pivotal stakeholders to elicit
requirements for the software system. Furthermore, the pro-
posed study will also benefit the software/requirements engi-
neers. Before starting a software project, they need to ensure
that correct, relevant, and concerned stakeholders have been
identified to ensure the successful completion and deploy-
ment of the software project. On the other side, the proposed
study will be good for the research community and students
researching in this area to find up-to-date research work
on stakeholder identification. They can further improve and
enhance the research finding on stakeholder identification by
exploring the opportunities and gaps derived in this research
study.

In the future, we are interested in conducting a detailed
and comprehensive study on the seventeen identified research
methods to identify and capture the best SI method by
conducting experiments both in academia and industry. Fur-
thermore, in the future, we aim to identify important and
influential stakeholders by employing the analytic network
process (ANP) [129] or the Analytic hierarchy process [130]
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TABLE 18. List of papers selected for the proposed SLR study.
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TABLE 18. (Continued.) List of papers selected for the proposed SLR study.

and evaluate them against knowledge, role, influence, inter-
personal skills, interest, and relationship [63]. Another pos-
sible challenge that needs exploration in the future is to
recover the conflicting viewpoints between different stake-
holders on certain requirements. For this purpose, we can
employ argumentation theory, which provides built-in seman-
tics to identify conflict-free stakeholders and their require-
ments [131], [132]. Also, it is required to propose a research
method for the SI that considers all the factors that could
help requirements engineers correctly and efficiently identify
concerned stakeholders, such as knowledge, role, influence,
interpersonal skills, interest, and relationship.

Recently, with the pervasive use of social media and
the emergence of big data applications due to the digital
transformation of many industries and societies at large,
it has become pivotal to consider alternative information
sources for requirements elicitation, in addition to traditional

stakeholders [133]. It opens a new research direction and
challenge to identify major stakeholders in the social media
platforms that frequently contributed requirements-related
information in the social media platforms, such as app
stores, Twitter, and user forums, together with the in-house
stakeholders. For this purpose, we need some automated
approach to automatically identify key stakeholders in the
large pool of online stakeholders that frequently contributed
requirements-related information, such as new features,
issues, and non-functional requirements [5]. Another possible
future direction is identifying potential stakeholders’ men-
tal and cognitive strength when identifying and prioritizing
requirements engineering tasks [137]. Many essential and
perilous requirements-related decisions are taken during the
requirements engineering phase. Therefore identifying stake-
holders with weak cognitive skills might affect the require-
ments decision-making.

VOLUME 10, 2022 31005



F. M. Khan et al.: Comparative Systematic Analysis of Stakeholder’s Identification Methods in Requirements Elicitation

TABLE 19. List of research papers on stakeholder identification adopted from previous SLR [19].
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TABLE 19. (Continued.) List of research papers on stakeholder identification adopted from previous SLR [19].

APPENDIX-I
Table 18 shows the list of research papers that have been
selected for the preliminary SLR study. Using the proposed
research study, we were able to identify 54 research papers
that are relevant to stakeholder identification. The column
‘‘paper title’’ represents the main title of the research paper,
while the column ‘‘reference no’’ means the corresponding
reference number in the proposed research paper.

APPENDIX-II
In Table 19 is the list of research papers that have been
selected as a secondary source for the proposed SLR study.
The identified research papers are closely relevant to the
stakeholder identification, but they were already cited and
discussed in the previous SLR [19]. We still consider them as
an essential source for the research community and software
engineers. Furthermore, we compare our research findings
with these papers and update the research questions. The
column ‘‘paper title’’ represents the main title of the research
paper, while the column ‘‘reference no’’ means the corre-
sponding reference number in the proposed research paper.

REFERENCES
[1] D. Pandey, U. Suman, and A. K. Ramani, ‘‘An effective requirement

engineering process model for software development and requirements
management,’’ in Proc. Int. Conf. Adv. Recent Technol. Commun. Com-
put., Oct. 2010, pp. 287–291.

[2] R. S. Pressman, Software Engineering: A Practitioner’s Approach.
London, U.K.: Palgrave Macmillan, 2005.

[3] T. Alsanoosy, M. Spichkova, and J. Harland, ‘‘Exploratory analysis of
cultural influences on requirements engineering activities based on stake-
holders’ profile,’’Proc. Comput. Sci., vol. 176, pp. 3379–3388, Jan. 2020.

[4] R. R. Young, ‘‘Recommended requirements gathering practices,’’
CrossTalk, vol. 15, no. 4, pp. 9–12, 2002.

[5] J. A. Khan, L. Liu, and L. Wen, ‘‘Requirements knowledge acquisi-
tion from online user forums,’’ IET Softw., vol. 14, no. 3, pp. 242–253,
Jun. 2020.

[6] D. W. Drew, ‘‘Tailoring the software engineering institute’s (SEI) capa-
bility maturity model (CMM) to a software sustaining engineering orga-
nization,’’ in Proc. Conf. Softw. Maintenance, 1992, pp. 137–138.

[7] M. H. Zaharia and F. A. Hodorogea, ‘‘Research stakeholders identifica-
tion using an mobile agent’s framework,’’ Expert Syst. Appl., vol. 72,
pp. 18–29, Apr. 2017.

[8] M. B. Krupa, ‘‘Who’s who in the kenai river fishery SES: A streamlined
method for stakeholder identification and investment analysis,’’ Mar.
Policy, vol. 71, pp. 194–200, Sep. 2016.

[9] N. M. Rizk, M. H. Gheith, and E. S. Nasr, ‘‘Requirements’ elicitation
needs for eLearning systems,’’ in Proc. 12th Int. Comput. Eng. Conf.
(ICENCO), Dec. 2016, pp. 142–147.

[10] S. L. Lim, D. Damian, and A. Finkelstein, ‘‘StakeSource2.0: Using social
networks of stakeholders to identify and prioritise requirements,’’ inProc.
33rd Int. Conf. Softw. Eng., May 2011, pp. 1022–1024.

VOLUME 10, 2022 31007



F. M. Khan et al.: Comparative Systematic Analysis of Stakeholder’s Identification Methods in Requirements Elicitation

[11] S. Ling Lim and A. Finkelstein, ‘‘StakeRare: Using social networks
and collaborative filtering for large-scale requirements elicitation,’’ IEEE
Trans. Softw. Eng., vol. 38, no. 3, pp. 707–735, May 2012.

[12] J. Coughlan and R. D. Macredie, ‘‘Effective communication in require-
ments elicitation: A comparison of methodologies,’’ Requirements Eng.,
vol. 7, no. 2, pp. 47–60, Jun. 2002.

[13] H. Sharp, A. Finkelstein, and G. Galal, ‘‘Stakeholder identification in the
requirements engineering process,’’ inProc. 10th Int. WorkshopDatabase
Expert Syst. Appl., Sep. 1999, pp. 387–391.

[14] N. Scribante, L. Pretorius, and S. Benade, ‘‘Requirements engineering
principles applicable to technology and innovation management,’’ in
Proc. Portland Int. Conf. Manage. Eng. Technol. (PICMET), Jul. 2017,
pp. 1–8.

[15] T. R. Johnson, J. S. Jansujwicz, and G. Zydlewski, ‘‘Tidal power devel-
opment in maine: Stakeholder identification and perceptions of engage-
ment,’’ Estuaries Coasts, vol. 38, no. S1, pp. 266–278, Jan. 2015.

[16] T.-T. Kuo, J.-J. Yeh, C.-J. Lin, and S.-D. Lin, ‘‘StakeNet: Devise, study
and utilize social networks using stakeholder information,’’ in Proc. Int.
Conf. Technol. Appl. Artif. Intell., Nov. 2010, pp. 86–93.

[17] R. M. Colvin, G. B. Witt, and J. Lacey, ‘‘Approaches to identifying
stakeholders in environmental management: Insights from practitioners to
go beyond the ‘usual suspects,’’’ Land Use Policy, vol. 52, pp. 266–276,
Mar. 2016.

[18] S. I. Majumdar, M. S. Rahman, and M. M. Rahman, ‘‘Thorny issues of
stakeholder identification and prioritization in equirement engineering
process,’’ IOSR J. Comput. Eng., vol. 15, no. 5, pp. 73–78, 2013.

[19] C. Pacheco and I. Garcia, ‘‘A systematic literature review of stakeholder
identificationmethods in requirements elicitation,’’ J. Syst. Softw., vol. 85,
no. 9, pp. 2171–2181, Sep. 2012.

[20] A. Salado and R. Nilchiani, ‘‘Contextual- and behavioral-centric
stakeholder identification,’’ Proc. Comput. Sci., vol. 16, pp. 908–917,
Jan. 2013.

[21] A. B. Cundy, R. P. Bardos, A. Church, M. Puschenreiter,
W. Friesl-Hanl, I. Müller, S. Neu, M. Mench, N. Witters, and
J. Vangronsveld, ‘‘Developing principles of sustainability and stakeholder
engagement for ‘gentle’ remediation approaches: The European context,’’
Eur. Context. J. Environ. Manage., vol. 129, pp. 283–291, Nov. 2013.

[22] L. C. Ballejos and J. M. Montagna, ‘‘Method for stakeholder identifi-
cation in interorganizational environments,’’ Requirements Eng., vol. 13,
no. 4, pp. 281–297, Nov. 2008.

[23] J. Nawrocki, M. Jasinski, B. Walter, and A. Wojciechowski, ‘‘Extreme
programmingmodified: Embrace requirements engineering practices,’’ in
Proc. IEEE Joint Int. Conf. Requirements Eng., Sep. 2002, pp. 303–310.

[24] K. Stoltzfus, ‘‘Information system digital government change in justice
agencies: The complexity of stakeholder identification,’’ in Proc. 48th
Hawaii Int. Conf. Syst. Sci., Jan. 2015, pp. 2124–2133.

[25] S. Keele, ‘‘Guidelines for performing systematic literature reviews
in software engineering,’’ EBSE, Keele Univ., Keele, U.K.,
Tech. Rep. Ver. 2.3, 2007.

[26] B. Kitchenham, O. P. Brereton, D. Budgen, M. Turner, J. Bailey, and
S. Linkman, ‘‘Systematic literature reviews in software engineering-a
systematic literature review,’’ Inf. Softw. Technol., vol. 51, no. 1, pp. 7–15,
Jan. 2009.

[27] W. Wang, W. Liu, and J. Mingers, ‘‘A systemic method for organisational
stakeholder identification and analysis using soft systems methodology
(SSM),’’ Eur. J. Oper. Res., vol. 246, no. 2, pp. 562–574, Oct. 2015.

[28] A. H. Elsaid, R. K. Salem, and H. M. Abdul-kader, ‘‘Automatic frame-
work for requirement analysis phase,’’ in Proc. 10th Int. Conf. Comput.
Eng. Syst. (ICCES), Dec. 2015, pp. 197–203.

[29] A. J. Dougill, E. D. G. Fraser, J. Holden, K. Hubacek, C. Prell,
M. S. Reed, S. Stagl, and L. C. Stringer, ‘‘Learning from doing partic-
ipatory rural research: Lessons from the peak district national park,’’ J.
Agricult. Econ., vol. 57, no. 2, pp. 259–275, Jul. 2006.

[30] C. Prell, K. Hubacek, and M. Reed, ‘‘Stakeholder analysis and social
network analysis in natural resource management,’’ Soc. Natural Resour.,
vol. 22, no. 6, pp. 501–518, Jun. 2009.

[31] M. S. Reed, ‘‘Stakeholder participation for environmental management:
A literature review,’’ Biol. Conservation, vol. 141, no. 10, pp. 2417–2431,
Oct. 2008.

[32] A. J. Gregory, J. P. Atkins, G. Midgley, and A.M. Hodgson, ‘‘Stakeholder
identification and engagement in problem structuring interventions,’’ Eur.
J. Oper. Res., vol. 283, no. 1, pp. 321–340, May 2020.

[33] M. Sadiq and S. K. Jain, ‘‘Stakeholder identification method in goal ori-
ented requirements elicitation process,’’ in Proc. IEEE 5th Int. Workshop
Requirements Prioritization Commun. (RePriCo), Aug. 2014, pp. 25–33.

[34] A. Mateen, K. Abbas, and M. A. Akbar, ‘‘Robust approaches, tech-
niques and tools for requirement engineering in agile development,’’ in
Proc. IEEE Int. Conf. Power, Control, Signals Instrum. Eng. (ICPCSI),
Sep. 2017, pp. 100–103.

[35] B. Smith, ‘‘Doing a literature review: Releasing the research imagina-
tion,’’ J. Perioperative Pract., vol. 28, no. 12, p. 318, Dec. 2018.

[36] C. Pacheco and E. TovaR, ‘‘Stakeholder identification as an issue in the
improvement of software requirements quality,’’ in Proc. Int. Conf. Adv.
Inf. Syst. Eng. Berlin, Germany: Springer, Jun. 2007, pp. 370–380.

[37] K. Marner, S. Wagner, and G. Ruhe, ‘‘Stakeholder identification for a
structured release planning approach in the automotive domain,’’ 2020,
arXiv:2011.00227.

[38] O. Gotel and A. Finkelstein, ‘‘Contribution structures [Requirements
artifacts],’’ in Proc. IEEE Int. Symp. Requirements Eng. (RE), Mar. 1995,
pp. 100–107.

[39] S. K. Boell and D. Cecez-Kecmanovic, ‘‘On being ’systematic’ in liter-
ature reviews,’’ Formulating Research Methods for Information Systems.
London, U.K.: Palgrave Macmillan, 2015, pp. 48–78.

[40] D. Finfgeld-Connett and E. D. Johnson, ‘‘Literature search strategies
for conducting knowledge-building and theory-generating qualitative sys-
tematic reviews,’’ J. Adv. Nursing, vol. 69, no. 1, pp. 194–204, Jan. 2013.

[41] C. Okoli and K. Schabram, ‘‘Protocol for a systematic literature review of
research on the Wikipedia,’’ in Proc. Int. Conf. Manage. Emergent Digit.
EcoSystems (MEDES), 2009, pp. 458–459.

[42] C. Okoli and K. Schabram, ‘‘A guide to conducting a systematic literature
review of information systems research,’’ Sprouts, Work. Papers Inf. Syst.,
vol. 10, no. 26, 2010. [Online]. Available: http://sprouts.aisnet.org/10-26

[43] B. Kitchenham and P. Brereton, ‘‘A systematic review of systematic
review process research in software engineering,’’ Inf. Softw. Technol.,
vol. 55, no. 12, pp. 2049–2075, 2013.

[44] G. Gabrysiak, ‘‘Exploration and validation through animation of scenario
specifications,’’ in Proc. Doctoral Symp. 19th IEEE Int. Requirements
Eng. Conf. (RE), Trento, Italy, Aug. 2011, pp. 1–4.

[45] A. Azadegan, X. Cheng, F. Niederman, and G. Yin, ‘‘Collaborative
requirements elicitation in facilitated collaboration: Report from a case
study,’’ in Proc. 46th Hawaii Int. Conf. Syst. Sci., Jan. 2013, pp. 569–578.

[46] S. Robertson, ‘‘Requirements trawling: Techniques for discovering
requirements,’’ Int. J. Hum.-Comput. Stud., vol. 55, no. 4, pp. 405–421,
Oct. 2001.

[47] A. Aapaoja and H. Haapasalo, ‘‘A framework for stakeholder identifica-
tion and classification in construction projects,’’ Open J. Bus. Manage.,
vol. 2, no. 1, pp. 43–55, 2014.

[48] K. Aaltonen, K. Jaakko, and O. Tuomas, ‘‘Stakeholder salience in global
projects,’’ Int. J. Project Manage., vol. 26, no. 5, pp. 509–516, Jul. 2008.

[49] M. K. Fageha and A. A. Aibinu, ‘‘Identifying stakeholders’ involvement
that enhances project scope definition completeness in Saudi Arabian
public building projects,’’ Built Environ. Project Asset Manage., vol. 6,
no. 1, pp. 6–29, Feb. 2016.

[50] V. Kumar, Z. Rahman, and A. A. Kazmi, ‘‘Stakeholder identification
and classification: A sustainability marketing perspective,’’Manage. Res.
Rev., vol. 39, no. 1, pp. 35–61, Jan. 2016.

[51] T. O. A. Lehtinen, M. V. Mäntylä, J. Vanhanen, J. Itkonen, and
C. Lassenius, ‘‘Perceived causes of software project failures—An analy-
sis of their relationships,’’ Inf. Softw. Technol., vol. 56, no. 6, pp. 623–643,
Jun. 2014.

[52] J. Kaler, ‘‘Morality and strategy in stakeholder identification,’’ J. Bus.
Ethics, vol. 39, no. 1, pp. 91–100, 2002.

[53] C. Erfurth and I. Erfurth, ‘‘Towards business alignment of IT services in
universities: Challenges in elicitations of requirements for IT services,’’ in
Proc. IEEE 1st Int. Workshop Interrelations between Requirements Eng.
Bus. Process Manage. (REBPM), Aug. 2014, pp. 11–14.

[54] A. Prasanth, S. Valsala, and S. Soomro, ‘‘A novel approach in calculating
stakeholder priority in requirements elicitation,’’ in Proc. 4th IEEE Int.
Conf. Eng. Technol. Appl. Sci. (ICETAS), Nov. 2017, pp. 1–6.

[55] S. Lewellen, ‘‘Identifying key stakeholders as part of requirements elicita-
tion in software ecosystems,’’ in Proc. 24th ACM Int. Syst. Softw. Product
Line Conf., Oct. 2020, pp. 88–95.

[56] K. S. K. Chung and L. Crawford, ‘‘The role of social networks theory and
methodology for project stakeholder management,’’ Proc. Social Behav.
Sci., vol. 226, pp. 372–380, Jul. 2016.

[57] M. Sadiq, ‘‘A fuzzy set-based approach for the prioritization of stake-
holders on the basis of the importance of software requirements,’’ IETE
J. Res., vol. 63, no. 5, pp. 616–629, Sep. 2017.

[58] H. Kaiya, D. Shinbara, J. Kawano, and M. Saeki, ‘‘Improving the detec-
tion of requirements discordances among stakeholders,’’ Requirements
Eng., vol. 10, no. 4, pp. 289–303, Nov. 2005.

31008 VOLUME 10, 2022



F. M. Khan et al.: Comparative Systematic Analysis of Stakeholder’s Identification Methods in Requirements Elicitation

[59] P. Söderholm, M. Holmgren, and B. Klefsjö, ‘‘A process view of mainte-
nance and its stakeholders,’’ J. Quality Maintenance Eng., vol. 13, no. 1,
pp. 19–32, 2007.

[60] S. Valenti, A. Cucchiarelli, and M. Panti, ‘‘Computer based assessment
systems evaluation via the ISO9126 qualitymodel,’’ J. Inf. Technol. Educ.,
Res., vol. 1, pp. 157–175, 2002.

[61] R. Fuentes-Fernández, J. Gómez-Sanz, and J. Pavón, ‘‘Understanding the
human context in requirements elicitation,’’ in Requirements Engineer-
ing. London, U.K.: Springer, 2009.

[62] M. A. Iqbal and A. Shah, ‘‘Stakeholder’s evaluation process for GSD
based requirements elicitation frameworks,’’ Pakistan J. Eng. Technol.,
vol. 4, no. 1, pp. 83–175, Mar. 2021.

[63] J. Zhao and Y. Zhao, ‘‘A systematic stakeholder selection model in
requirements elicitation for software projects: A systematic mapping
study,’’ M.S. thesis, Dept. Softw. Eng., Fac. Comput., Blekinge Inst.
Technol., Karlskrona, Sweden, 2018.

[64] J. Linåker, B, Regnell, and D. Damian, ‘‘A method for analyzing stake-
holders’ influence on an open source software ecosystem’s requirements
engineering process,’’ Requirements Eng., vol. 25, no. 1, pp. 30–115,
Mar. 2020.

[65] F. Anwar and R. Razali, ‘‘Stakeholders selection model for software
requirements elicitation,’’ Amer. J. Appl. Sci., vol. 13, no. 6, pp. 38–726,
Jun. 2016.

[66] F. Hujainah, R. B. A. Bakar, and M. A. Abdulgabber, ‘‘StakeQP: A
semi-automated stakeholder quantification and prioritisation technique
for requirement selection in software system projects,’’ Decis. Support
Syst., vol. 121, pp. 94–108, Jun. 2019.

[67] R. Razali and F. Anwar, ‘‘Selecting the right stakeholders for require-
ments elicitation: A systematic approach,’’ J. Theor. Appl., vol. 33, no. 2,
pp. 250–257, 2011.

[68] T. Hassan, C. W. Mohammad, and M. Sadiq, ‘‘StakeSoNet: Analysis of
stakeholders using social networks,’’ in Proc. IEEE 17th India Council
Int. Conf. (INDICON), Dec. 2020, pp. 1–6.

[69] J. Vijayan, G. Raju, and M. Joseph, ‘‘Collaborative requirements elici-
tation using elicitation tool for small projects,’’ in Proc. Int. Conf. Sig-
nal Process., Commun., Power Embedded Syst. (SCOPES), Oct. 2016,
pp. 340–344.

[70] E. Tovar and C. Pacheco, ‘‘Stakeholder identification in requirements
engineering: Comparison of methods,’’ in Proc. Softw. Eng. Appl. (SEA),
2006, p. 202.

[71] S. Miles, ‘‘Stakeholder theory classification: A theoretical and empirical
evaluation of definitions,’’ J. Bus. Ethics, vol. 142, no. 3, pp. 437–459,
May 2017.

[72] M.Muqeem andM. R. Beg, ‘‘Validation of requirement elicitation frame-
work using finite state machine,’’ in Proc. Int. Conf. Control, Instrum.,
Commun. Comput. Technol. (ICCICCT), Jul. 2014, pp. 1210–1216.

[73] S. T. Demir, D. J. Bryde, D. J. Fearon, and E. G. Ochieng, ‘‘Three
dimensional stakeholder analysis–3dSA: Adding the risk dimension for
stakeholder analysis,’’ Int. J. Project Organisation Manage., vol. 7, no. 1,
pp. 15–30, Jan. 2015.

[74] B. Al-Ani and K. Edwards, ‘‘An empirical study of a qualitative system-
atic approach to requirements analysis (QSARA),’’ in Proc. Int. Symp.
Empirical Softw. Eng. (ISESE), Redondo Beach, CA, USA, Aug. 2004,
pp. 177–186.

[75] K. S. Barber and S. R. Jernigan, ‘‘Hybrid domain representation archive
(HyDRA) for requirements model synthesis across viewpoints (poster
session),’’ in Proc. 22nd Int. Conf. Softw. Eng. (ICSE), Limerick, Ireland,
Aug. 2000, pp. 177–186.

[76] Z. M. Kasirun and S. S. Salim, ‘‘Focus group discussion model for
requirements elicitation activity,’’ inProc. Int. Conf. Comput. Electr. Eng.,
Phuket, Thailand, Dec. 2008, pp. 101–105.

[77] S. Lauesen, Software Requirements: Styles and Techniques. Reading,
MA, USA: Addison-Wesley, 2002.

[78] S. Robertson and J. Robertson, Mastering the Requirements Process,
2nd ed. Reading, MA, USA: Addison-Wesley. 1999.

[79] A. Milne and N. Maiden, ‘‘Power and politics in requirements engi-
neering: Embracing the dark side?’’ Requirements Eng., vol. 17, no. 2,
pp. 83–98, Jun. 2012.

[80] I. Alexander and S. Robertson, ‘‘Requirements—Understanding project
sociology by modeling stakeholders,’’ IEEE Softw., vol. 21, no. 1,
pp. 23–27, Jan. 2004.

[81] J. Arguello and J. Callan, ‘‘A bootstrapping approach for identifying
stakeholders in public-comment corpora,’’ in Proc. 8th Annu. Int. Conf.
Digit. Government Res., BridgingDisciplines Domains, Philadelphia, PA,
USA, vol. 228, 2007, pp. 92–101.

[82] E. Coakes and T. Elliman, ‘‘Focus issue on legacy information systems
and business process engineering: The role of the stakeholder inmanaging
change,’’ Commun. AIS, vol. 2, no. 1, p. 4, 1999.

[83] J. Coughlan, M. Lycett, and R. D. Macredie, ‘‘Communication issues in
requirements elicitation: A content analysis of stakeholder experiences,’’
Inf. Softw. Technol., vol. 45, no. 8, pp. 525–537, Jun. 2003.

[84] D. Damian, ‘‘Stakeholders in global requirements engineering: Lessons
learned from practice,’’ IEEE Softw., vol. 24, no. 2, pp. 21–27, Mar. 2007.

[85] Y. Fassin, ‘‘The stakeholder Model refined,’’ Journal Bus. Ethics, vol. 84,
no. 1, pp. 113–135, 2009.

[86] M. Glinz and R. Wieringa, ‘‘Guest editors’ introduction: Stakeholders
in requirements engineering,’’ IEEE Softw., vol. 24, no. 2, pp. 18–20,
Mar. 2007.

[87] M. Halling, S. Biffl, and P. Grünbacher, ‘‘An economic approach for
improving requirements negotiation models with inspection,’’ Require-
ments Eng., vol. 8, no. 4, pp. 236–247, Nov. 2003.

[88] H. In and S. Roy, ‘‘Visualization issues for software requirements negoti-
ation,’’ in Proc. 25th Annu. Int. Comput. Softw. Appl. Conf. (COMPSAC),
Chicago, IL, USA, Oct. 2001, pp. 10–15.

[89] V. Laporti, M. R. S. Borges, and V. Braganholo, ‘‘Athena: A collabora-
tive approach to requirements elicitation,’’ Comput. Ind., vol. 60, no. 6,
pp. 367–380, Aug. 2009.

[90] N. Niu and S. Easterbrook, ‘‘On-demand cluster analysis for product line
functional requirements,’’ in Proc. 12th Int. Softw. Product Line Conf.,
Limerick, Ireland, Sep. 2008, pp. 87–96.

[91] J. W. Smith. Project Clarity Through Stakeholder Analysis. The Journal
of Defense Software Engineering. Accessed: May 11, 2000. [Online].
Available: http://stsc.hill.af.mil/crosstalk/2000/12/ smith.html

[92] F. Stallinger and P. Grünbacher, ‘‘System dynamics modelling and simu-
lation of collaborative requirements engineering,’’ J. Syst. Softw., vol. 59,
no. 3, pp. 311–321, Dec. 2001.

[93] A. Stone and P. Sawyer, ‘‘Identifying tacit knowledge-based require-
ments,’’ IEE Proc. Softw., vol. 153, no. 6, p. 211, 2006.

[94] O. Preiss and A. Wegmann, ‘‘Stakeholder discovery and classification
based on systems science principles,’’ in Proc. 2nd Asia–Pacific Conf.
Quality Softw., Hong Kong, Dec. 2001, pp. 194–198.

[95] B. Wong, ‘‘Understanding stakeholder values as a means of dealing with
stakeholder conflicts,’’ Softw. Quality J., vol. 13, no. 4, pp. 429–445,
Dec. 2005.

[96] R. W. Woolridge and J. Bailey, ‘‘Co-adaptive processes of stakeholder
networks and their effects on information systems specifications,’’ in
Proc. 49th SIGMIS Annu. Conf. Comput. personnel Res. - SIGMIS-CPR,
Austin, TX, USA, 2011, pp. 140–147.

[97] L. C. Ballejos and J. M. Montagna, ‘‘Stakeholders selection for interorga-
nizational systems: A systematic approach,’’ in Proc. IFIP Int. Federation
Inf. Process., vol. 214. Boston, MA, USA: Springer, 2006, pp. 39–50.

[98] J. Davison, J. B. Thompson, D. A. Deeks, and M. Lejk, ‘‘PisoSIA: A
stakeholder approach to assist change in information systems develop-
ment projects and aid process improvement,’’ Softw. Quality J., vol. 14,
no. 1, pp. 25–36, Mar. 2006.

[99] D. Greer and G. Ruhe, ‘‘Software release planning: An evolutionary and
iterative approach,’’ Inf. Softw. Technol., vol. 46, no. 4, pp. 243–253,
Mar. 2004.

[100] V. Kulkarni, ‘‘A conceptual model for capturing Stakeholders’ wish
list,’’ in Proc. Int. Conf. Comput. Sci. Softw. Eng., Wuhan, Hubei, 2008,
pp. 275–278.

[101] J. McManus, ‘‘A stakeholder perspective within software engineering
projects,’’ in Proc. Conf. Eng. Manage., Austin, TX, USA, vol. 2,
Oct. 2004, pp. 880–884.

[102] R. K. Mitchell, B. R. Agle, and D. J. Wood, ‘‘Toward a theory of
stakeholder identification and salience: Defining the principle of whom
and what really counts,’’ Acad. Manage. Rev., vol. 22, no. 4, pp. 853–886,
1997.

[103] M. M. Parent and D. L. Deephouse, ‘‘A case study of stakeholder iden-
tification and prioritization by managers,’’ J. Bus. Ethics, vol. 75, no. 1,
pp. 1–23, Aug. 2007.

[104] A. Pouloudi, ‘‘Stakeholder analysis as a front-end to knowledge elicita-
tion,’’ AI Soc., vol. 11, nos. 1–2, pp. 122–137, Mar. 1997.

[105] A. Pouloudi, R. Gandecha, C. Atkinson, and A. Papazafeiropoulou,
‘‘How stakeholder analysis can be mobilized with actor-network theory
to identify actors,’’ in IFIP International Federation for Information
Processing, vol. 143. Boston, MA, USA: Springer, 2004, pp. 705–711.

[106] M. Imran Babar, M. Ghazali, D. N. A. Jawawi, and A. Elsafi, ‘‘Stake-
holder management in value-based software development: Systematic
review,’’ IET Softw., vol. 8, no. 5, pp. 219–231, Oct. 2014.

VOLUME 10, 2022 31009



F. M. Khan et al.: Comparative Systematic Analysis of Stakeholder’s Identification Methods in Requirements Elicitation

[107] K. Oshiro, K. Watahiki, and M. Saeki, ‘‘Goal-oriented idea generation
method for requirements elicitation,’’ in Proc. 11th IEEE Int. Conf.
Requirements Eng., Kyoto, Japan, Sep. 2003, pp. 363–364.

[108] C. Pahl, ‘‘Adaptive development andmaintenance of user-centric software
systems,’’ Inf. Softw. Technol., vol. 46, no. 14, pp. 973–986, Nov. 2004.

[109] H. Bendjenna, P. Charre, and N. Eddine Zarour, ‘‘Using multi-criteria
analysis to prioritize stakeholders,’’ J. Syst. Inf. Technol., vol. 14, no. 3,
pp. 264–280, Aug. 2012.

[110] A. Elsaid, R. Salem, and H. Abdul-Kader, ‘‘A dynamic stakeholder
classification and prioritization based on hybrid rough-fuzzy method,’’
J. Softw. Eng., vol. 11, no. 2, pp. 143–159, 2017.

[111] M. M. Rahman, M. Ali, N. Malik, M. S. Ahmad, and F. Asmi, ‘‘Essential
skills for project stakeholders identification: Sustainability perspective,’’
Int. J. Bus. Social Res., vol. 7, no. 8, p. 43, Sep. 2017.

[112] H. F. Hofmann and F. Lehner, ‘‘Requirements engineering as a success
factor in software projects,’’ IEEE Softw., vol. 18, no. 4, pp. 58–66,
Jul. 2001.

[113] S. Koh, ‘‘Cause- and-effect perspective on software quality: Application
to ISO/IEC 25000 series SQuaRE’s product quality model,’’ J. Inf. Tech-
nol. Appl. Manage., vol. 23, no. 3, pp. 71–86, 2016.

[114] K. E. Wiegers, Software Requirements, 2nd ed. Redmond, WA, USA:
Microsoft Pres, 2003.

[115] A. M. Pitangueira, P. Tonella, A. Susi, R. S. P. Maciel, and M. Barros,
‘‘Minimizing the stakeholder dissatisfaction risk in requirement selection
for next release planning,’’ Inf. Softw. Technol., vol. 87, pp. 18–104,
Jul. 2017.

[116] F. Hujainah, R. B. A. Bakar, M. A. Abdulgabber, and K. Z. Zamli,
‘‘Software requirements prioritisation: A systematic literature review on
significance, stakeholders, techniques and challenges,’’ IEEE Access,
vol. 6, pp. 71497–71523, 2018.

[117] A. X. Ali, M. R. Morris, and J. O. Wobbrock, ‘‘Crowdlicit: A system for
conducting distributed end-user elicitation and identification studies,’’ in
Proc. CHI Conf. Hum. Factors Comput. Syst., May 2019, pp. 1–12.

[118] S. Zedan and W. Miller, ‘‘Quantifying stakeholders’ influence on energy
efficiency of housing: Development and application of a four-step
methodology,’’ Construct. Manage. Econ., vol. 36, no. 7, pp. 375–393,
Jul. 2018.

[119] D. Zowghi and S. Paryani, ‘‘Teaching requirements engineering through
role playing: Lessons learnt,’’ in Proc. 11th IEEE Int. Requirements Eng.
Conf., Sep. 2003, pp. 233–241.

[120] B. A. Kitchenham, T. Dyba, andM. Jorgensen, ‘‘Evidence-based software
engineering,’’ in Proc. 26th Int. Conf. Softw. Eng., 2004, pp. 273–281.

[121] K. Bittner and I. Spence, Use Case Modeling. Reading, MA, USA:
Addison-Wesley, 2003.

[122] C. Wohlin, ‘‘Guidelines for snowballing in systematic literature studies
and a replication in software engineering,’’ in Proc. 18th Int. Conf. Eval.
Assessment Softw. Eng. (EASE), 2014, pp. 1–10.

[123] K. Wnuk, ‘‘Involving relevant stakeholders into the decision process
about software components,’’ in Proc. IEEE Int. Conf. Softw. Archit.
Workshops (ICSAW), Apr. 2017, pp. 129–132.

[124] S. Gebreyohannes, W. Edmonson, A. Esterline, and J. Chenou, ‘‘Require-
ments hierarchy in the responsive and formal design process,’’ in Proc.
IEEE Int. Symp. Syst. Eng. (ISSE), Oct. 2016, pp. 1–8.

[125] F. Seth, E. Mustonen-Ollila, O. Taipale, and K. Smolander, ‘‘Software
quality construction: Empirical study on the role of requirements, stake-
holders and resources,’’ in Proc. Asia–Pacific Softw. Eng. Conf., vol. 2,
Dec. 2012, pp. 17–26.

[126] A. M. Hein, M. Jankovic, W. Feng, R. Farel, J. H. Yune, and B. Yannou,
‘‘Stakeholder power in industrial symbioses: A stakeholder value network
approach,’’ J. Cleaner Prod., vol. 148, pp. 923–933, Apr. 2017.

[127] S. Beecham, N. Baddoo, T. Hall, H. Robinson, and H. Sharp, ‘‘Motiva-
tion in software engineering: A systematic literature review,’’ Inf. Softw.
Technol., vol. 50, nos. 9–10, pp. 860–878, Aug. 2008.

[128] T. Hovorushchenko and O. Pomorova, ‘‘Evaluation of mutual influ-
ences of software quality characteristics based ISO 25010,’’ in Proc.
11th Int. Sci. Tech. Conf. Comput. Sci. Inf. Technol. (CSIT), Sep. 2016,
pp. 80–83.

[129] J. Khan, I. U. Rehman, L. Ali, S. Khan, and I. J. Khan, ‘‘Requirements
prioritization using analytic network process (ANP),’’ Int. J. Sci. Eng.
Res., vol. 7, no. 11, pp. 1–7, 2016.

[130] J. A. Khan, I. U. Rehman, Y. H. Khan, I. J. Khan, and S. Rashid, ‘‘Compar-
ison of requirements prioritization techniques to find best prioritization
technique,’’ Int. J Modern Educ. Comput. Sci., vol. 7, no. 11, pp. 53–59,
2015.

[131] J. Ali Khan, L. Liu, L. Wen, and R. Ali, ‘‘Conceptualising, extracting
and analysing requirements arguments in users’ forums: The CrowdRE-
Arg framework,’’ J. Software: Evol. Process, vol. 32, no. 12, p. e2309,
Dec. 2020.

[132] J. A. Khan, Y. Xie, L. Liu, and L. Wen, ‘‘Analysis of requirements-related
arguments in user forums,’’ in Proc. IEEE Int. Conf. Requirements Eng.,
Sep. 2019, pp. 63–74.

[133] J. A. Khan, L. Liu, L. Wen, and R. Ali, ‘‘Crowd intelligence in require-
ments engineering: Current status and future directions,’’ in Proc. Int.
Conf. Requirements Eng., Foundation Softw. Quality, Essen, Germany,
Mar. 2019, pp. 245–261.

[134] L. Fernandez-Sanz and S. Misra, ‘‘Analysis of cultural and gender influ-
ences on teamwork performance for software requirements analysis in
multinational environments,’’ IET Softw., vol. 6, no. 3, p. 167, 2012.

[135] A. M. Mustapha, O. T. Arogundade, S. Misra, R. Damasevicius,
and R. A. Maskeliunas, ‘‘Systematic literature review on compliance
requirements management of business processes,’’ Int. J. Syst. Assurance
Eng. Manage., vol. 11, no. 3, pp. 561–576, Jun. 2020.

[136] J. A. Aguilar, A. Zaldívar-Colado, C. Tripp-Barba, S. Misra, R. Bernal,
and A. Ocegueda, ‘‘An analysis of techniques and tools for requirements
elicitation in model-driven web engineering methods,’’ in Proc. Int. Conf.
Comput. Sci. Appl.Cham, Switzerland: Springer, Jun. 2015, pp. 518–527.

[137] F. Cafer and S. Misra, ‘‘A cognitive requirement specification model,’’ in
Proc. 24th Int. Symp. Comput. Inf. Sci., Sep. 2009, pp. 518–521.

[138] J. A. Khan, L. Liu, L. Wen, and R. Ali, ‘‘Conceptualising, extracting and
analysing requirements arguments in users’ forums: The CrowdRE-Arg
framework,’’ J. Softw., Evol. Process, vol. 32, no. 12, p. e2309, Dec. 2020.

[139] R. Alkadhi, M. Nonnenmacher, E. Guzman, and B. Bruegge, ‘‘How
do developers discuss rationale?’’ in Proc. IEEE SANER, Mar. 2018,
pp. 357–369.

[140] P. E. Dunne, A. Hunter, P. McBurney, S. Parsons, and M. Wooldridge,
‘‘Weighted argument systems: Basic definitions, algorithms, and com-
plexity results,’’ Artif. Intell., vol. 175, no. 2, pp. 457–486, Feb. 2011.

[141] G. Breach, ‘‘I’m not chatting, i’m innovating! Locating lead users in open
source software communities,’’ Working Paper Series, Univ. Technol.,
Sydney School Manage., Sydney, NSW, Australia, Tech. Rep. 2008/7,
2008.

[142] J. A. Aguilar, S. Misra, A. Zaldívar, and R. Bernal, ‘‘Improving require-
ments specification in webREd-tool by using a NFR’s classification,’’ in
Proc. Int. Conf. Comput. Sci. Appl.Berlin, Germany: Springer, Jun. 2013,
pp. 59–69.

[143] G. Aragón-Serrano, R. Hilera, L. F. Sanz, S. Misra, and M. Escalona-
Cuaresma, ‘‘Applying model-driven paradigm for the improvement of
web requirement validation,’’ Acta Polytechnica Hungarica, vol. 9, no. 6,
pp. 211–232, 2012.

[144] J. A. Aguilar, A. Zaldívar-Colado, C. Tripp-Barba, R. Espinosa, S. Misra,
and C. E. Zurita, ‘‘A survey about the impact of requirements engineering
practice in small-sized software factories in Sinaloa, Mexico,’’ in Proc.
Int. Conf. Comput. Sci. Appl. Cham, Switzerland: Springer, May 2018,
pp. 331–340.

[145] L. Zamudio, J. A. Aguilar, C. Tripp, and S. Misra, ‘‘A requirements
engineering techniques review in agile software development methods,’’
in Proc. Int. Conf. Comput. Sci. Appl. Cham, Switzerland: Springer,
Jul. 2017, pp. 683–698.

[146] S. Misra, ‘‘A step by step guide for choosing project topics and
writing research papers in ICT related disciplines,’’ in Information
and Communication Technology and Applications (Communications
in Computer and Information Science), vol. 1350, S. Misra and
B. Muhammad-Bello, Eds. Cham, Switzerland: Springer, Feb. 2021,
doi: 10.1007/978-3-030-69143-1_55.

[147] G. P. Gasca-Hurtado, V. Vega-Zepeda, and L. Machuca-Villegas, ‘‘Gam-
ification strategies for eliciting software requirements,’’ in Proc. World
Conf. Inf. Syst. Technol. Cham, Switzerland: Springer, Mar. 2021,
pp. 461–472.

[148] S. Lewellen, ‘‘A comprehensive approach to identifying key stakeholders
in complicated software ecosystems,’’ in Proc. IEEE 29th Int. Require-
ments Eng. Conf. (RE), Sep. 2021, pp. 492–497.

[149] O. Reyad, W. H. Dukha, M. H. Marghny, and E. A. Zanaty, ‘‘Genetic K-
means adaption algorithm for clustering stakeholders in system require-
ments,’’ in Proc. Int. Conf. Adv. Mach. Learn. Technol. Appl. Cham,
Switzerland: Springer, Mar. 2021, pp. 195–204.

[150] C. W. Mohammad, M. Shahid, and S. Z. Hussain, ‘‘Fuzzy attributed goal
oriented software requirements analysis with multiple stakeholders,’’ Int.
J. Inf. Technol., vol. 13, no. 6, pp. 1–9, Dec. 2021.

31010 VOLUME 10, 2022

http://dx.doi.org/10.1007/978-3-030-69143-1_55


F. M. Khan et al.: Comparative Systematic Analysis of Stakeholder’s Identification Methods in Requirements Elicitation

[151] M. Robinson, S. Sarkani, and T. Mazzuchi, ‘‘Network structure and
requirements crowdsourcing for OSS projects,’’ Requirements Eng.,
vol. 26, no. 4, pp. 1–26, 2021.

[152] C. Pacheco, I. García, J. A. Calvo-Manzano, and M. A. Reyes, ‘‘Proposal
of metrics for software requirements elicitation in the context of a small-
sized software enterprise,’’ in Proc. Int. Conf. Softw. Process Improve-
ment. Cham, Switzerland: Springer, Oct. 2021, pp. 3–14.

[153] I. Müller, B. Selica, and P. Kruchten, ‘‘Stakeholders: Going beyond just
‘end users,’’’ IEEE Softw., vol. 39, no. 1, pp. 112–113, Jan. 2022.

[154] M. I. Limaylla, N. Condori-Fernandez, and M. R. Luaces, ‘‘Towards
a semi-automated data-driven requirements prioritization approach for
reducing stakeholder participation in SPL development,’’ Eng. Proc.,
vol. 7, no. 1, p. 27, 2021.

[155] R. Kasauli, E. Knauss, J. Horkoff, G. Liebel, and F. G. de Oliveira
Neto, ‘‘Requirements engineering challenges and practices in large-
scale agile system development,’’ J. Syst. Softw., vol. 172, Feb. 2021,
Art. no. 110851.

[156] M. Z. Kolpondinos and M. Glinz, ‘‘GARUSO: A gamification approach
for involving stakeholders outside organizational reach in requirements
engineering,’’ Requirements Eng., vol. 25, no. 2, pp. 185–212, Jun. 2020.

FAHIM MUHAMMAD KHAN received the
B.Sc. degree in software engineering from the
University of Science and Technology Bannu,
Bannu, Pakistan, and the M.S. degree in software
engineering degree from Riphah International
University, Islamabad, Pakistan. He is currently
working as a Lecturer with the National University
of Modern Languages, Islamabad. His research
interests include empirical software engineering
and requirements engineering.

JAVED ALI KHAN received the B.Sc. degree in
computer software engineering from the Univer-
sity of Engineering and Technology, Peshawar,
Pakistan, in 2009, the M.Sc. degree in software
engineering from Bahria University, Islamabad,
Pakistan, in 2013, and the Ph.D. degree in
software engineering from Tsinghua University,
China. He has been working as an Assistant Pro-
fessor with the Department of Software Engi-
neering, University of Science and Technology

Bannu, Bannu, Pakistan, since December 2011. He has published more
than 15 papers in reputable journals and conferences in requirements and
software engineering. His research interests include requirements engineer-
ing, CrowdRE, argumentation and argument mining, feedback analysis,
empirical software engineering, sentiment analysis, and opinion mining.

MUHAMMAD ASSAM received the B.Sc. degree
in computer software engineering from the Uni-
versity of Engineering and Technology, Peshawar,
Pakistan, in 2011, and theM.Sc. degree in software
engineering from the University of Engineering
and Technology, Taxila, Pakistan, in 2018. He is
currently pursuing the Ph.D. degree in computer
science and technology with Zhejiang University,
China. He has been working as a Lecturer (on
study leave) with the Department of Software

Engineering, University of Science and Technology Bannu, Bannu, Khyber
Pakhtunkhwa, Pakistan, since November 2011. His research interests include
brain–machine interface, medical image processing, machine/deep learning,
the Internet of Things (IoT), and computer vision.

AHMED S. ALMASOUD is currently an Assis-
tant Professor in the College of Computer and
Information Sciences at Prince Sultan Univer-
sity (PSU) in Riyadh, Saudi Arabia. Dr. Ahmed
obtained his highest degree from University of
Technology at Sydney and has worked in PSU
from 2014 to present. He has published original
articles in the finest journals in the area of his
studies. His research interest includes (but not lim-
ited to) Artificial Intelligence, Machine Learning,

Security Architecture, and Internet of Things.

ABDELZAHIR ABDELMABOUD is an Assistant
Professor at the Department Information System,
College of Science and Arts, Mahayil, Asir, King
Khalid University, Saudi Arabia. He received the
M.Sc. in Computer Science and Information from
Gezira University, Sudan and Ph.D. in Software
Engineering from Universiti Teknologi Malaysia
(UTM), Malaysia. Previously he has been working
as IT Manager, Quality Manager and Database
Administrator. He is a member of the Software

Engineering Research Group (SERG) in UTM. His research interests focus
on the integration of Blockchain Technology with the Internet of Things and
Cloud Computing.

MANAR AHMED MOHAMMED HAMZA
is currently working as a lecturer in Prince Sat-
tam Bin Andulaziz University, Kingdom of Saudi
Arabia (KSA). Worked as a lecturer in Preparatory
Year Deanship in Al Kharj, in the field of Com-
puter and Self-development Skills. She persuaded
her Ph.D. inMarch_2021 fromOmderman Islamic
University in Sudan, in the field of computer
science. Her research interest is Data mining, Text
mining, Machine Learning.

VOLUME 10, 2022 31011


