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A B S T R A C T

This study focuses on requirements development, a vital phase in the success

of software projects, with particular attention to the classification of both

functional and non-functional requirements. Despite its crucial role, there

has been relatively limited research focused on developing comprehensive

taxonomies for requirements development processes. To bridge this gap, this

paper conducts a systematic literature review, examining studies published

between 2011 and 2024 across six electronic databases. From an initial pool of

1025 studies, 250 were selected for further review based on their relevance to

eight research questions. After careful manual scrutiny and application of specific

quality metrics, a final set of 90 studies was identified for detailed analysis. The

review revealed that most existing taxonomies primarily focus on activities

such as requirements elicitation, analysis, and modelling, often overlooking

other important phases. Building upon previous work, this paper proposes four

new taxonomies that encompass various stages of requirements development,

including elicitation, analysis, modelling, specification, verification, and

validation. These proposed taxonomies aim to provide a more holistic view

of requirements engineering and serve as practical tools for engineers and

stakeholders to improve the effectiveness and accuracy of requirements

development. By integrating and expanding upon previous taxonomies, these

new taxonomies are designed to address neglected aspects and facilitate

better decision-making throughout the requirements process, ultimately

leading to higher-quality software solutions. The proposed taxonomies support

practitioners in identifying better approaches to requirements management and

development, contributing to the overall success of software projects through

more systematic and structured requirements practices.
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1 Introduction

Nowadays, the main reason for software project fail-
ures is less attention to the requirements and their
incomplete elicitation. The main criterion for the pro-
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duction of high-quality software is the thorough in-
ception of requirements. Due to the importance of
requirements engineering and the efforts of developers
in the production of high-quality software, extensive
academic and industrial research has been carried out.
Therefore, the systematic and organized description of
research subjects [1] in various sciences and engineer-
ing areas significantly contributes to the advancement
of knowledge and research in that field [2].

Requirements Engineering (RE) is one of the main
challenging stages of obtaining knowledge in software
engineering, which is known as requirements in many
kinds of literature [3]. Requirements engineering is an
umbrella activity that covers the entire software de-
velopment cycle. The main activities in requirements
engineering are focused on the development phases of
the requirements, which include elicitation, analysis,
modelling, negotiation, specification, verification, and
validation V&V (see [4, 5] and [6]).

As an important point, addressing the role of stake-
holders and classifying them as a key element in re-
quirements development is essential for the correct
and accurate elicitation of requirements. Because they
directly influence requirements engineering activities
in the development and management phases. The
study in [7] showed that the significant distribution
of defects (56%) and efforts to fix them (82%) are re-
lated to the requirements, indicating the necessity for
software requirements management.

Furthermore, there are several standards for the
specification of software requirements [8] that help
experts to document comprehensive specifications of
requirements based on specific features. For example,
the IEEE Std.830-1998 provides a structure (template)
for documenting the software requirements. They do
not commit common mistakes and find the correct
inception of requirements. However, due to the differ-
ent approaches in the analysis of the requirements as
well as variations in the modelling and notation of the
requirements, extensive research has been conducted
to provide standard structures for documenting them.

According to the definition of the Oxford Dictio-
nary, taxonomy is a schematic of the classification [9].
Hence, the proposed structures for classifying the tax-
onomies include hierarchical, paradigm, tree-based,
and aspect-based structures. The aim of taxonomies
is the exact description and terminology of the main
subject, as well as the definition of qualitative and
quantitative classification procedures [10, 11]. Impor-
tantly, there is no significant comprehensive study on
a multi-aspect general taxonomy of requirements de-
velopment. Therefore, the existing gaps and defects
in prior research in the taxonomies of requirements
development have provided the necessary impetus for

 

Figure 1. Review Phases.

further research in this area. Consequently, in this re-
view, the hierarchical and applicable taxonomies are
proposed for use by the requirements development en-
gineers and provide more details of the domain knowl-
edge in requirements engineering research.

The remaining sections of this paper are organized
as follows. Section 2 presents the research method in
this study. Section 3 gives an overview of the recent
taxonomies on requirement development. Section 4
proposes a set of new taxonomies in requirements de-
velopment. Additionally, this section introduces a new
taxonomy of the requirements development process
in terms of elicitation, modelling, specifications, as
well as verification and validation. Finally, Section 5
considers the summary and future works.

2 Research Method

We adopted the approach shown in Figure 1 from [12].
The six phases of the review protocol are: research
questions, search strategy, results, scrutiny, qualitative
criteria, and data synthesis. The first phase involves
formulating several research questions according to
the aim of the research. In the second phase, we design
search strategies according to the research questions,
search keywords, and selection of literature resources.
The third phase is about the result of extracted data,
while the fourth phase focuses on the data refinement
based on securing the title of the collected research. In
the fifth phase, we evaluate securitizing by qualitative
criteria. Finally, the selected studies are analysed for
the subsequent actions.
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2.1 Research Questions

This study aims to summarize the state-of-the-art re-
search about software requirements development. We
identify the research gaps and recommend points to
promote the generality and performance of previous
taxonomies in selected aspects. The following eight
research questions (RQs) are designed to achieve the
aim of the study. The following questions are inter-
twined and investigated simultaneously.

• RQ1: What are the taxonomies of requirements
development?

• RQ2: Which drawbacks and gaps are in the ex-
isting requirements development taxonomies?

• RQ3: How many techniques exist in requirements
elicitation, verification, and validation?

• RQ4: What are the current approaches or method-
ologies in requirements development?

• RQ5: Which tools are applied in requirements
development?

• RQ6: Which models are proposed in the require-
ments development phases?

• RQ7: Which notations and types are used in
requirements modelling?

• RQ8: How many standards and templates are
used in requirements specification?

2.2 Search Strategy

A detailed explanation of the search strategies used in
this study includes the search string, literature sources,
and search process, which are described below:

2.2.1 Search Strings

To conduct this research, we used the following search
string: Requirements AND (development/OR elicita-
tion/ OR analysis /OR modelling / OR specification
/ OR verification / OR validation) AND (“categories”
OR “taxonomies” OR “classifications” OR techniques
OR “methods” OR ”approaches /” OR “methodol-
ogy/” OR “tools/” OR “types/” OR “notations” OR
“templates” OR “standards/” OR “models/” OR “is-
sues/” OR “challenges/”). The following steps were
used to construct the search terms [11]:

• Extracting key terms from the research questions.
• Identifying alternative spellings and synonyms

recognition for key terms.
• Identifying keywords in relevant papers or books.
• Using Boolean OR to include alternative spellings

and synonyms.
• Using Boolean AND to link the major terms.

 

Figure 2. Search and Selection Procedure.

2.2.2 Literature Resources

In this study, six electronic database sources were used
to extract data for synchronization. These include:
IEEE Xplore, Springer, ACM Digital Library, Science
Direct, Scopus, and Google Scholar. The title, ab-
stract, keywords, and conclusion/summary were used
to search for published journal papers, IEEE bulletins,
conference proceedings, workshops, symposiums, and
book chapters.

2.2.3 Search Procedure

A systematic literature review refers to a comprehen-
sive search for all related sources on the requirements
development. In this study, the method used is Sys-
tematic Literature Review (SLR) according to the
guidelines proposed by Kitchenham [12]. However,
the search procedure used in this study includes the
following steps, as shown in Figure 2 .

• Search Phase 1: A complete search started on
six electronic database sources, and the returned
results (papers) were collected as papers for the
future. (The overlapping and duplicative studies
have been discarded at this phase)

• Search Phase 2: Reference lists of all related pa-
pers were investigated to identify further related
papers, and then, if any, they were combined with
items in Phase 1.

2.3 Studies Selection

In the first stage of the search, prospective studies
were conducted to eliminate duplicate, similar, and
irrelevant research documents. Then, the titles and
keywords of these papers were used to examine and
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scrutinize the relevant studies. As a result, 250 rel-
evant studies were selected. Given the possibility of
missing some articles in the initial search phase, the
references of each selected article were studied to iden-
tify important relevant literature. This effort led to
the identification of 41 other studies, bringing the
number of selected studies to 290. Finally, a quality
assessment criterion was applied to these 290 stud-
ies. Therefore, at the end of this process, 90 studies
were selected and were able to answer and satisfy the
formulated research questions.

Table 1 and Table 2 show the number of selected
studies in six databases based on sources, respectively.
In these tables, the notation ‘n (m)’ indicates ‘n’ is
the number of selected studies, and ‘m’ is the total
number of studies on RD phases. Moreover, ‘Other
Sources’ indicates Other Sources that include IEEE
standards, bulletins, and magazines.

Table 3 shows the number of studies in the databases
of ‘Science Direct’, ‘IEEE’, ‘Springer’, as well as ‘ACM,
Scopus, and Google Scholar’. In this table, the sub-
ject area focused on ‘computer sciences’, ‘decision
sciences and engineering’ (in Science Direct). Pub-
lication Titles are limited to ‘Information and Soft-
ware Technology’, ‘Journal of Systems and Software’,
‘Procedia Computer Science’, ‘Computer Standards
& Interfaces’, ‘Computers in Industry’, ‘Information
Systems’, ‘Science of Computer Programs’, and ‘Infor-
mation & Management Journals’ (in Science Direct).
The notation ‘n (m)’ indicates ‘n’ is the number of
selected studies, and ‘m’ is the total number of studies
on RD phases.

2.3.1 Scrutiny

According to Figure 2, the prospective studies were
obtained during the first search phase. Therefore, the
detailed examination of these studies was necessary
to make them effective. First, the titles of the papers
were reviewed with a glance at the keywords. Then
their contents, including results and conclusion or
summary, were skimmed. Hence, all articles that do
not reflect the topic of discussion or do not cover
any of the research questions were excluded from
the relevant studies list. In addition, only English
language studies from reputable journals, arbitration
review papers, workshops, symposia, book chapters,
and IEEE bulletins are included in the list of related
studies.

When several similar or improved versions of an
article are found in different databases in the search
results, the most complete and updated literature
published in authentic journals or scientific events
is included in the search phrases, and the rest are
eliminated. Specifically, we conducted a systematic

 

Figure 3. shows the percentages of studies in: (a) Science
Direct, (b) IEEE, (c) Springer, (d) ACM, Scopus, and Google

Scholar databases.

literature review on the development of requirements
for articles published by 2024 between 1 January 2011
and July 31, 2024. These articles included taxonomies,
classification, reviews, and surveys in this research
area. A summary of the used criteria for review is
shown in Table 4.

• a: The research aspects include Techniques, Ap-
proaches, Methodologies, Tools, Models, Types,
Notation/Templates, Issues/Problems/Challenges,
Standards/levels, and specific aspects.

• b: The nominal scales of fitting degree: Low,
Medium, and High.

2.4 Data Synchronization

Due to the need to summarize the evidence of se-
lected studies to investigate the coverage of research
questions, data synchronization should be carried out.
Here, among selected studies, 90 of the studies were
investigated to assess the exact contents of each study
according to the criteria defined in Table 6.

The purpose of this activity is to synchronize the
selected studies to increase clarity. This also helps to
identify the exact answers to the research questions
and their coverage degree. The elicited data obtained
from data synthesis in two levels of quantitative data
(such as the number of cases obtained from aspects)
and qualitative data (such as the level of coverage
of research questions in the requirements develop-
ment phases, the relationship between selected studies
and requirements development, and also existing chal-
lenges and gaps in the literature) is classified. Whereby,
in the tables presented in the third part of this study,
the mapping status of the coverage domain and the
degree of compliance of research questions with the
proposed taxonomies are specified (see Tables 1 to 6).
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Table 1. The Number of Studies Selected From Six Databases.

Database Elicitation Analysis and Modelling Specification Verification and Validation

1-IEEE 12 (35) 56 (82) 20 (29) 23 (31)

2-ACM 8 (63) 7 (22) 1 (9) 1 (8)

3-Scopus 5 (10) 18 (113) 1 (3) 5 (16)

4-Science Direct 17 (53) 26 (82) 6 (22) 7 (22)

5-Springer 4 (58) 11 (120) 4 (59) 3 (32)

6-Scholar 30 (100) 4 (76) 9 (50) 2 (38)

Total 76 (319) 122 (495) 42 (172) 41 (147)

Table 2. The Total Number of Studies Selected From Research Sources.

Sources Elicitation Analysis and Modelling Specification Verification and Validation

Journal 61 (267) 73 (415) 27 (126) 24 (117)

Chapters & Conferences 9 (46) 47 (78) 9 (38) 17 (31)

Other sources 6 (6) 2 (2) 6 (8) -

Total 76 (319) 122 (495) 42 (172) 41 (147)

2.5 Threats to Validity

Because publication bias in the choice of studies is a
serious threat in review studies. To perform the review,
studies were selected without bias based on the search
strategies discussed in the previous section, including
different literature databases, selection criteria, and
qualitative criteria.

On the other hand, it is practically impossible to
fully extract studies based on RQs defined in 6 se-
lected databases (considering the overlap of articles in
some databases and indexing). Hence, there is a prob-
ability of missing some of the desired studies. To curb
this threat, manual scrutiny of references of the ex-
tracted studies was carried out to identify the desired
studies that were lost in the initial search. Meanwhile,
due to the intertwining of research on aspects in the
requirements development stages, more precision has
been taken in defining exit criteria.

In general, to reduce the effects of the mentioned
threats on the quality of this study, the definition
of processes and strategies, as well as the design of
criteria, is based on the consensus of the authors of
the article, and the approaches of similar literature
have been addressed.

3 AnOverviewofExistingTaxonomies

Many studies suggest useful taxonomies and classifica-
tions in requirements engineering activities [13, 14]. In
this section, we conduct an overview of the important
taxonomies on methodologies, techniques, and tools
in requirements engineering. After that, the require-
ments development issues are thoroughly reviewed.

As an integrated view of requirements classification,
the layered view of requirements and their types is
shown in [5]. It indicates that Business Requirements
(BR) at the business level of software requirements
are one of the four fundamental perspectives for the
requirements engineering solution [15]. Accordingly,
Afreen et al. [16] provided a new classification of non-
functional requirements (NFR), which are useful for
requirements analysts. For example, the performance
requirements play a significant role in software devel-
opment, which can be considered in the category of
NFRs [17]. Also, the techniques, approaches, and tools,
as well as issues, trends, pitfalls, and current chal-
lenges of requirements elicitation were investigated by
Zowghi and others. They emphasized that the proper
identification and selection of technique, approach, or
tool in requirements elicitation could play a signifi-
cant role in reducing the complexity and costs of other
requirements development stages [18–20].

Basri et al. did a systematic literature review on
the current trend of software requirement engineering
processes in Small and Medium Enterprises (SMEs)
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Table 3. The number of studies in the Database of Science Direct, IEEE, Springer, as well as ACM, Scopus, and Google Scholar.
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Review Article 2 (3) 6 (26) 1 (2) 1 (1) 1 (12) 5 (5) 8 (8) 7 (11)

Publication Title 6 (21) 9 (24) 1 (8) 3 (7) 7 (19) 34 (75) 8 (17) 16 (20)

Subject Area 9 (29) 11 (32) 4 (12) 3 (14) 4 (4) 2 (2) 4 (5) -

Total 17 (53) 26 (82) 6 (22) 7 (22) 12 (35) 56 (82) 20 (29) 23 (31)

Database

Springer ACM, Scopus, and Google Scholar
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Review Article 1 (18) 7 (79) 2 (22) 1 (11) 8 (63) 7 (27) 1 (9) 1 (8)

Publication Title 2 (27) 2 (13) 1 (21) 1 (11) 30 (100) 4 (76) 9 (50) 2 (38)

Subject Area 1 (13) 2 (28) 1 (16) 1 (10) 5 (10) 18 (113) 1 (3) 5 (16)

Total 4 (58) 11 (120) 4 (59) 3 (32) 43 (173) 29 (216) 11 (62) 8 (62)

[21]. This research emphasized the importance of con-
sidering the human elements of SRE, such as team
dynamics, training, and motivation, and suggests that
SMEs should establish specialized SRE processes that
fit their requirements and resources.

There are some valuable works entitled Systematic
Literature Review (SLR), Systematic Mapping Study
(SMS), or Survey in the requirement engineering pro-
cess involving development and management phases.
An SLR about requirements elicitation was presented
to identify the latest research in this field, based on a
general framework for literature review. The research
questions of the mentioned SLR concentrate on three
concepts: covered aspects, activities, and influencers

in requirements elicitation. Although there are some
defects in the automation of requirements elicitation
activities, there are also some missing points in this
process. Also, Rodriguez and Wong introduced some
frameworks, models, methods, techniques, and tools
for elicitation activity [22]. Since stakeholders have the
most significant role in the elicitation of requirements
[23? ], Burnay proposed a Taxonomy of Elicitation
Information Sources called TELIS, which can be used
during the elicitation phase to systematically inves-
tigate the sources of information about a system by
requirements engineers [24]. Thereafter, a Stakeholder
quantification and prioritization (SQP) SLR was pro-
posed based on Kitchenham and Charters’ guidelines
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Table 4. Inclusion and Exclusion Criteria.

Type / Criteria Inclusion Exclusion

Published Lan-
guage (C1)

English Not English

Publishing Time
(C2)

1 Jan. 2011 – 31
July 2024

Out of range

Concentration (C3) Requirements
Development
Phases

Requirements
management /
out of software
requirements

RQ coverage (C4) At least covering
one designed RQ

Eliminated pa-
pers and unable
to respond to
RQs

Relative content
(C5)

Title / Abstract
/ Keywords
/ Conclusion
(summary)

Introduction /
Literature / Re-
sults (artifacts)

[11] that SQP is a crucial process in requirement pri-
oritization [25].

AlJassasi et al. provided a front-end requirement
engineering framework of social commerce enterprises
with a focus on the design phase [26]. This study has
sketched out the generic set of front-end requirements
of an s-commerce platform and showed how to use the
generic framework to generate or recommend an in-
stantiation of the requirements for a specific platform.
This study can assist the developers to focus on the so-
cial features that enhance the economic revenue of the
enterprise and improve the architecture of their prod-
ucts/services and/or their business processes (BPs).

Yapa et al. explored the critical success aspects of
requirement engineering that influence software devel-
opment efficiency [27]. This study was conducted to
gather data from business analysts within a leading
telecommunication organization and its subsidiaries
across three countries. The data was thoroughly ana-
lyzed through a structured analysis using Smarts PLS.
The success aspects considered in this study are the
business analyst’s skills, the quality of the requirement,
customer involvement, and team capability. The re-
sults highlighted that software development efficiency
is strongly influenced by requirements engineering as-
pects, including the skills of the Business Analyst,
customer involvement, and team capability, each with
a significance value of less than 0.05. By addressing
requirement engineering challenges and implementing
standardized procedures derived from critical success
aspects, organizations can streamline their require-
ment engineering processes. This study provided valu-

able insights to enhance requirement engineering best
practices, fostering software development efficiency.

The prioritization of requirements is known as one
of the essential activities in the elicitation and anal-
ysis phases. They are reviewed based on their tech-
niques and tools [28, 29], metrics, and sizes. Further,
in the new SLR, Elicitation, and gathering of require-
ments in Mobile Application Development (MAD),
compared to elicitation techniques in traditional de-
velopment, are addressed in [30]. Besides, the impact
of Metadata and document interpretation in Software
Requirements Specification and elicitation of NFRs
from requirements artifacts was explained by Asif et
al., who classified NFRs into three categories: security,
performance, and cost [31]. In addition, Dermeval et al.
[32] conducted an SLR on applications of ontologies in
RE. Because the ontology-driven approaches support
RE activities, such as requirements elicitation, analy-
sis, specification, validation, and management issues.

An effective alternative to requirements documents
is to store the information in a database. Dozens of
requirements management (RM) tools are available
for this purpose [33]. They range from simple, open-
source products available for free download to com-
plex commercial packages that can handle huge sys-
tems development projects. These tools make it much
easier to work with requirements than documents or
other representations permit. An effective change con-
trol process serves as a structure to manage change
effectively, not as a barrier [34].

Developing machine learning (ML) approaches for
requirements classification has attracted great inter-
est in the RE community in recent years. The research
[35] addressed two related problems that have been
challenging real-world applications of ML approaches:
the problems of class imbalance and high dimensional-
ity with low sample size data (HDLSS). This research
proposed an ML approach for multiclass classification
of requirements that solves the aforementioned prob-
lems through semantic-role-based feature selection,
dataset decomposition, and hierarchical classification.
This research compared the effectiveness of the pro-
posed approach with two traditional statistical classi-
fication models and an advanced deep learning model.
The experiment showed that the proposed approach
is simple to use and can effectively address the class
imbalance and HDLSS problems compared to similar
approaches.

Agarwal et al. focused on Deep Learning in require-
ment engineering [36]. This research examined the
bibliographies of 98 research papers that employ deep
learning techniques to respond to these inquiries. Deep
learning integrated solutions have facilitated 41 tasks
across all phases in software engineering. This study
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Table 5. Quality Assessment Questions/Metrics.

QA Metric Questions

M1 Are the objectives of the research clearly explained?

M2 How much is the contribution or achievement of the article to industry or academia?

M3a Are the aspects to be clearly described in papers on Requirements Development?

M4 Is the structure or categorization of reviews suitable?

M5b How much does the data set used in the experiments sufficiently fit the objectives of the
articles?

M6 To what extent is the overlap of aspects taken in the articles?

Table 6. Assessment Criteria for Study Contents.

Selected study Criteria definition

Recognition of the bibliography
in the study

Unique ID for the study in terms of publication year, title, subject area,
and publisher

Study type Journal and conference papers, IEEE bulletins, magazines, and book
chapters

Study concentration Subject area, problems, challenges, motivation, and goals

Research methodology Case study, survey, classification, taxonomy, comparison, experiment, in-
terview, observation, and questionnaire

Data analysis Quantitative/qualitative analysis

Application domain Applicability of the study in academia or industry

Constraints Identification of the study’s deficiencies, research gaps, and future re-
search directions

Study finding Lessons and practical/theoretical solutions learned from the study

indicated that 84.7% of papers only use standard pro-
found learning models and variations to address issues
in software engineering. Utilizing significant learning
systems brings worries up for their practicality. The vi-
ability, proficiency, understandability, and testability
of profound learning-based arrangements might pro-
voke the curiosity of additional specialists in software
engineering.

Another research [37] addressed the requirement
elicitation and evaluation for product-service systems
(PSSs). This research proposed a requirement elici-
tation and evaluation framework for PSSs. It intro-
duced a new requirement elicitation method based
on contextual matching to capture the complete PSS
requirements. Moreover, it proposed a hybrid decision-
making method that considers the preferences of en-
terprise experts and users, as well as the uncertainty
during the decision-making process, to determine the
prioritization of PSS requirements. In the experiment,
an illustrative case study of an automatic guided vehi-

cle PSS was examined to justify the proposed frame-
work and methods.

Saleem et al. did a study on generative language
models for requirement engineering applications [38].
Traditional language models have been extensively
evaluated for the software engineering domain; how-
ever, the potential of ChatGPT and Gemini has not
been fully explored. To fulfil this gap, the paper in
hand presents a comprehensive case study to investi-
gate the potential of both language models for the de-
velopment of diverse types of requirement engineering
applications. It deeply explored the impact of vary-
ing levels of expert knowledge prompts on the pre-
diction accuracy of both language models. Across 4
different public benchmark datasets of requirement
engineering tasks, it compared the performance of
both language models with existing task-specific ma-
chine/deep learning predictors and traditional lan-
guage models. Specifically, the paper utilized 4 bench-
mark datasets: Pure (7445 samples, requirements
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extraction), PROMISE (622 samples, requirements
classification), REQuestA (300 question-answer (QA)
pairs), and Aerospace datasets (6347 words, require-
ments NER tagging). Our experiments reveal that,
in comparison to ChatGPT, Gemini requires more
careful prompt engineering to provide accurate pre-
dictions. Moreover, across the requirement extraction
benchmark dataset, the state-of-the-art F1-score is
0.86, while ChatGPT and Gemini achieved 0.76 and
0.77, respectively. The State-of-the-art F1-score on
the requirements classification dataset is 0.96, and
both language models are 0.78. In the name entity
recognition (NER) task, the state-of-the-art F1-score
is 0.92, and ChatGPT managed to produce 0.36, and
Gemini 0.25. Similarly, across the question answer-
ing dataset, the state-of-the-art F1-score is 0.90, and
ChatGPT and Gemini managed to produce 0.91 and
0.88, respectively. Our experiments show that Gemini
requires more precise prompt engineering than Chat-
GPT. Except for question-answering, both models
underperform compared to current state-of-the-art
predictors across other tasks.

4 The Proposed Taxonomies of Re-
quirements Development

The requirements engineering activities influence the
software development and life cycle, and consequently
the software architecture design. These activities in-
volve gathering, documenting, and managing require-
ments. Many RE process models depend on the do-
main of application, the system stakeholders, and the
Organizations that utilize the requirements. Neverthe-
less, there are several generic RE activities common to
all processes: elicitation, analysis and modelling, spec-
ification, verification and validation, and management
and tracing of requirements.

This section pursues two important goals. First,
it investigates the previous taxonomies and classifi-
cations based on various practical aspects until the
involved deficiencies and gaps are discovered and re-
vealed. Second, by considering the neglected aspects
as well as the integration and aggregation of different
aspects in prior works, new taxonomies in the require-
ments development are presented. Hence, the require-
ment engineering based on terminology, their descrip-
tive principles, and qualitative and quantitative clas-
sification procedures with a graphical representation
approach, and new taxonomies for the requirements
development process are presented in this section.

4.1 Requirements Elicitation

Requirements elicitation is a process through which
the system providers discover, review, integrate, un-

derstand, and document the requirements of that sys-
tem and its life cycle process. On the other hand, the
abundance of recent research and validated papers in
this area of requirements engineering indicates the im-
portance of this phase in the requirements engineering
process (see [18] and [39]).

Based on the recent development in requirements
elicitation and prioritization, we address their tax-
onomies here. In Figure 4 and Figure 5, a new
aspect-based and integrated taxonomy is presented
for requirements elicitation. This taxonomy pro-
vides five different key aspects: (a) ‘Techniques’,
‘Approaches/Methodologies’ in Figure 4, and (b)
‘Models’, ‘Issues and Pitfalls’ as well as ‘Tools’ in
Figure 5. The different parts of these figures are
shown with different colours and the important parts
described briefly below. Along with these aspects, one
can also consider issues, pitfalls, and related trends
and challenges during the elicitation stage.

In the left part of Figure 4 (see the box ‘Techniques’),
the aspect techniques include ‘Traditional’, ‘Contex-
tual’, ‘Collaborative’, and ‘Cognitive’ that form a sig-
nificant part of our taxonomy. The traditional tech-
niques comprise the ‘Interview’, ‘Questionnaires’ (Sur-
veys), ‘Document Analysis’, ‘Introspection’, ‘Meeting’,
and ‘Data Gathering from existing system’.

The ‘Interview’ is the most popular and traditional
technique used in RE elicitation [40]. With the help
of this technique, a massive volume of data can be
gathered quickly and efficiently. Thus, the feedback
on using this technique enormously depends on the
expertise of the interviewer.

A ‘Questionnaire’ is a requirements elicitation tech-
nique that extracts the requirements from a large num-
ber of people at a lesser cost and time. A well-designed
questionnaire can be useful to elicit the actual require-
ments from the stakeholders. These surveys are used
to collect data from a sample of persons [40].

In the ‘Document analysis’ technique, information
from existing documents is gathered and analyzed
[41]. The technique is successfully used to initiate the
process of requirement elicitation. The information
collected in this technique may vary due to the avail-
ability of documents and interactions with humans,
so it is often used when there is a need to have domain
information studied by a domain expert.

In the ‘Introspection’ technique, the requirement
analyst attempts to develop all the requirements based
on the needs and wishes of stakeholders for a particular
system [42]. The technique is more effective when the
analyst is fully aware of the field. Since this technique
is used with a combination of other techniques to
initiate the requirement elicitation process [39], the
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Figure 4. A New Requirements Elicitation Taxonomy.

system analyst must have experience and expertise in
the domain.

Another traditional technique called ‘Data gathered
from the existing system’ is used when we collect data
for a system to replace the current system. Hence, this
is a useful way to gather profound system knowledge
[40]. In brief, the ‘Contextual’ (Observational) tech-
niques embrace ‘Social Analysis’, ‘Discourse Analy-
sis’, and ‘Ethnography’, and their related method [39].
Also, the ‘Collaborative’ techniques are classified into
several categories: pilot system, requirement work-
shop, requirement reuse, anticipatory design, goal-
based (goals), prototyping, group techniques, and
user-entered design (e.g., storyboarding [40]). The in-
stances of collaborative techniques are the use-case,

user story, and scenario, which have their types, ap-
proaches, and notation. The important notations of
scenarios that can be mentioned are UML (in RUP
methodology), ‘MSC’, ‘LSC’, ‘UCM’ , ‘SysML ’, and
‘i*/GRL’ (goal-based). Further, the group techniques
consist of brainstorming (as a creativity technique),
group work (e.g.,’ JAD/RAD’ and workshop), and the
design thinking method [40]. Moreover, the ‘User inter-
face’, ‘Throw-away’, and ‘Evolutionary’ are examples
of group techniques. In particular, the ‘ARK’ (Act-
based Representation of Knowledge), focus groups
in clouds ([43], [44]), and Interface Analysis [45] are
instances of Goals, requirement workshops, and user
interface techniques, respectively.

The ‘Cognitive’ techniques branch in prescribed
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Figure 5. A New Requirements Elicitation Taxonomy (continued from Fig. 4).

taxonomy has various methods, as follows: ‘Protocol
Analysis’ (e.g., Apprenticing) [40], ‘Task Analysis’ [43],
‘Domain Analysis’, ‘View Points’, ‘Usage data anal-
ysis’, ‘Quality Function Development (QFD)’, ‘Cog-
nitive Structure Analysis (CSA)’, and ‘Knowledge
Acquisition’ techniques. The last technique includes
‘Laddering’, ‘Card-sorting’, ‘Repertory Grids’, ‘Clas-
sic Responsibility Collaboration (CRC)’, and ‘Prox-
imity Scaling’ techniques. Moreover, the ‘Analogical’
techniques include metaphors and personas that help
stakeholders to consider more deeply and be more
accurate about their requirements [1].

There are different methods to achieve the required
information in requirement elicitation, including direct
and indirect approaches [46]. However, in the direct

approach, we interact with an expert in the domain,
and the indirect approach is classified according to the
type of information obtained. In particular, interviews,
case studies, and prototyping are of the direct type,
but surveys and document analysis are indirect.

The second category of the requirement elicitation
approaches (see the right part of Figure 4, the box
‘Approaches/Methodology’) include ‘MUST’, ‘Joint
Application Development (JAD/RAD)’, ‘User-Led
Requirements Construction (ULRC)’, ‘Soft System
Methodology (SSM)’, ‘Value Chain Analysis (VCA)’
and ‘Elementary Pragmatic Model (EPM)’ and ‘So-
cial Network’ approaches [18]. ‘MUST’ utilizes ethno-
graphic techniques as a specific step in the method-
ology, while ‘ULRC’ and ‘SSM’ employ ethnographic
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techniques. Also, ‘IBM’s JAD’ is set up to improve the
relationship between user representatives and speed
up decision-making [47] with all attendees in five de-
fined phases. Also, VCA can identify, classify, and sort
business activities of the enterprise.

The VCA uses the systematic approach from the
strategy angle and analyses the composition of the
value chain, the status of the value activity, and the re-
lationship among them ([44], [48]). Moreover, the EPM
concentrates on a pragmatic” approach by examining
the communication of behaviours between two indi-
viduals and an “elementary” approach for categoriz-
ing communicative interaction [49]. Furthermore, the
approaches of automated requirements data-driven
elicitation used human source data and techniques
for the extraction of process-mediated and machine-
generated data. The elicitation process using human
source data is performed in three steps. First, the data
type analysis is performed by NLP, then the classifi-
cation is done based on Machine learning, rule-based,
or model-oriented schemes, and finally using topic
modelling or traditional clustering [50].

We also allocate a category to the issues and pitfalls,
that researchers involved in the requirements elicita-
tion phase (see the box ‘Issues & pitfalls’ in Figure
5). They arise for several reasons, for example, the
people involved in the elicitation (e.g., Participation
of stakeholders, educational issues (see [51] and [52]),
different constraints such as time and cost constraints,
requirements sources, status and quality, and some
of the problems identified in RE research areas [53].
Therefore, there are many general and particular is-
sues and research pitfalls. Thus, the majority of trends
and challenges in requirements elicitation focus on
elicitation practices and research [19].

According to the proposed elicitation taxonomy,
the elicitation tools branch is classified into nine
tools (see the right part of Figure 5-the box ‘Tools’).
The first type is ‘Template-Based’ tools that in-
clude ‘Optimal Trace’, ‘Volere Shells’, ‘RMTrack’
[54], and ‘IEEE-std830’ requirements specification
(detailed in SRS taxonomy). Also, the ‘Format-Based’
tools covering ‘Rational DOORS’, ‘CaliberRM’, and
‘Requisite-pro’. So, the Requirements Apprentice
[55], ‘ACME/PRIME’ [56], and ‘AbsFinder’ [57] tools
are in the cognitive support-based category, and the
Objective [58] is considered in ‘Goal-Based’ tools.

In the rest of the tool branch, the ‘ART-SCENE’
[59], ‘CaseComplete’ [54], ‘NDT’ [51], ‘UWE’ [60],
‘WebML’ [61], and ‘SAT’ [62] tools can be seen in the
‘Scenario-Based’ category, and the ‘AMORE’ tool in
the multimedia support-based category. Besides, the
‘Groupware’ tools such as ‘Teamware’ [58], ‘Group
Systems’ [63], and ‘HSC’ are all categorized in this tax-

onomy. Likewise, there are the ‘RPA’ [64], ‘GMARC’
[65], and ‘TELIS’ tools [24], which are the latest and
have recently been given more attention by require-
ment engineers. Moreover, there are other RE tools
evaluated in a phase-wise manner by Shah et al. [62].

As a final aspect, the requirement elicitation ‘Mod-
els’ is divided into two approaches: ‘Methodology-
Based’ and ‘No-Methodology’ or Ad-hoc models (see
the left part of Figure 5, the box ‘Models’). The
‘Methodology-Based’ models take into account eight
methodologies: ‘SSADM’, ‘Object-Oriented’ (e.g.,
‘OOA’ and ‘RUP’), Agile-based such as ‘XP’, ‘Scrum’,
‘Lean’, and ‘FDD’ ([66], [67], the Kanban method-
ology [68], ‘TDD’ [69], and ‘KAONO’s model [70].
In this regard, Kasab et al. The study [71] showed
that the use of agile methodologies in the software
development life cycle is the most interesting, making
it possible to make agile methodologies more popu-
lar than waterfall methods. Moreover, Alsharari et
al. [72] reviewed the available agile methodologies
used to assess requirement change management in
web engineering [72]. Srivastava et al. incorporated
requirement engineering into agile methodologies by
discussing challenges and then proposed solutions
[73]. This paper addressed all the issues raised and
suggested possible solutions from the standpoint of re-
quirement engineering. The results can be extremely
beneficial to the software business in terms of improv-
ing development processes, as well as individuals who
would like to continue working in this area.

In the end, Table 7 and Table 8 (refer to Figure
4 and Figure 5) indicate the Comparison of the pro-
posed Requirements Elicitation Taxonomy with other
taxonomies previously presented.

In summary, in Figure 6, the taxonomy of require-
ments modelling with an aspect-based structure is
presented in two forms: the ‘Types’ and ‘Notations’.
We use different colours to clarify the aspects.

There are several challenges in requirements mod-
elling methods, such as diversity, dynamicity, and in-
consistency, that make their classification difficult [75].
Nevertheless, the different types of requirements mod-
elling are classified into two formal and informal gen-
eral categories in the proposed taxonomy. Hence, the
‘Natural Languages’ or ‘Natural Language Process-
ing (NLP)’ fall into the informal category [76], and so
the ‘Goal-Oriented’, ‘Functional’, and ‘Diagram Mod-
elling’ are suggested formal modelling types. Thus, the
‘Goal-Oriented Modelling Languages (GRL)’ include
‘CSRML’ (an i* extension for specifying CSCW Sys-
tems requirements), ‘KAOS’ [77], Troops, Techne [78],
and ‘Fuzzy (AND/OR)’ goal models [79]. Moreover,
‘Functional Modelling’ comprises ‘BPM’ [80], ‘SDL’
[81], and ‘UCM’ [74].
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Table 7. Comparison of the Proposed Requirements Elicitation Taxonomy with Others (Part A).
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Table 8. Comparison of the Proposed Requirements Elicitation Taxonomy with Others (Part B).
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Besides this model, the ‘Diagram Modelling’ con-
sists of ‘DSLs/DSML’ and ‘UML profiles’ that are
divided into the ‘SysML’ [80], ‘URN’ ([82], [83]), and
‘MARTE’ Stereotypes. Subsequently, the ‘SysML’ pro-
file can give ‘OMEGA2’ (an executable UML/SysML
profile) and ‘SysML/KAOS’ Metamodel in combina-
tion with UML and KAOS [77] goal-oriented require-
ments methodology, respectively.

As indicated in another branch of the proposed
taxonomy, most research in the notation of require-
ments modelling languages is focused on the ‘For-
mal’, ‘Semi-formal’, ‘Ad-hoc’, or Informal notations
through ‘Natural Languages’. Hence, concerning For-
mal notation of requirements modelling languages,
the ‘Logic/Temporal Logic’ as a Logic system nota-
tion (e.g., Tree logic, CTL , and CTL*) [84], ‘SDL’
as a complex language, ‘Petri-Nets’, ’FSM /STD’ ,
and ‘BPMN’ have been introduced as important in-
stances. Ad-hoc Modelling notations related to im-

portant NFRs such as security requirements for se-
cure software design, which include ‘Alam-SECTET’,
‘Buyens-LP’, ‘Hafner-SOA’, ‘Hoisl-SOA’, ‘Kim-AC’,
‘Kong-Threat’, ‘Memon-SECTET’, ‘Nakamura-SOA’,
‘PbSD’, ‘Vela-DB-XML’, ‘Xu-Petri’, and ‘Yu-AC’, etc.
([78], [85]).

Moreover, the notations ‘URN’, ‘SysML’, and ‘UML’
for semi-formal notations are considered. To that end,
the ‘Use-Case Diagram’, ‘Class Diagram’, ‘Activity
Diagram’, ‘Sequence Diagram’, ‘Collaboration Dia-
gram’, as well as ‘State-Chart Diagram’, are intended
for UML in the form of a conceptual model [86]. More
specifically, the domain-specific and case-based no-
tations fall into the Ad-hoc category that includes
particular SRS models. In particular, for modelling
and analysing user requirements, a semi-formal lan-
guage called ‘URN’ is presented in the form of goals,
scenarios, and relations between them. The ‘URN’
combines two elicitation notations, analysis, specifica-
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Figure 6. Requirements Modelling Taxonomy.

tions, and validation of requirements. This language
allows requirements engineers to find and recognize
the requirements of a suggested or evolving system.
Furthermore, the ‘URN’ analyses some requirements
for correctness and integrity. As a result, ‘URN’ mod-
els can be used to diagnose and analyse various types
of reaction systems, business processes, and telecom-
munications standards. For example, one of the tools
presented based on the ‘URN’ model is ‘jUCMNav’,
in which there is a relation between ‘GRL’ and ‘UCM’
[83].

Overall, it is also important to highlight that the
objective of the type branch in this taxonomy is a

model-based classification of modelling approaches
and languages. However, the purpose of the notation
branch is to emphasize its role in the development of
requirements models as well as the formation of new
modelling languages and profiles with a formalized
approach. Hence, the repetition of some concepts in
the suggested taxonomy is rooted in our perspective on
the categorization of this taxonomy. Table 9 shows the
comparison of the proposed Requirements Modelling
Taxonomy with other taxonomies in terms of types
and notations.
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Table 9. Comparison of the Proposed Requirements Modelling Taxonomy with Others.
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Janssens [76]
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4.2 Software Requirements Specification

The main purpose of the requirements specification
phase is to obtain documentation of software require-
ments with standards and templates. They are struc-
tured sets of requirements (including functions, effi-
ciency, and design constraints with features) in major
software and their external interfaces [87–89]. Ergo,
the output of this stage is a requirements specification
document. The document must clearly and precisely
specify the details of each of the outputs and primary
requirements, scope and boundaries, their feasibility,
and reality because they are the basis for contractual
agreements between contractors or suppliers, and cus-
tomers.

To provide a convenient SRS , we need to apply some
standards or design and use RS ‘Templates’ (e.g., ‘ID’,
‘Business process’, ‘Activity’, ‘Goal’, ‘Primary Actor’,
‘Trigger’, ‘Positive Scenario’, and ‘Failure Condition
and Management’ templates). Therefore, these stan-
dards and templates are the basis for the requirements
Verification and Validation (V&V) phase. In partic-
ular, the ‘ISO/IEC/IEEE29148-2018’ standard is an
international standard that accommodates ‘IEEE830’,
‘SWEBOK’, and seven other standards ([3], [8], [90]).
It provides a detailed template for well-formed textual
software requirements and guidance for their imple-
mentation. Similarly, the ‘CELENEC’, ‘CEN’, and
‘ETSI’ are European standards that are used in addi-
tion to ‘DND’, ‘MIL-STD-498’, and some IEEE stan-
dards such as ‘IEEE1233-1998’ and ‘IEEE830-1998’
in the requirements specification [85]. As a result, the
RS standards have an integrated behaviour of pro-
cesses and products involved in RE processes and
operational areas.

On the other hand, the SRS ‘Types’ should be cate-
gorized into ‘Executable’ and ‘Non-Executable’ classes
with a model-oriented approach. For this reason, the
executable models are auto-models, which are classi-
fied in the ‘XUML’ and ‘Declarative’ categories. The
declarative category contains some executable types,
for example, the ‘Logic Language’, ‘Functional Lan-
guage’, ‘B-Method’, ‘Franketal’, ‘jML’, ‘NP-SPEC’,
‘SPILL’, ‘TUG’, and ‘Z-Notation’. Likewise, the non-
executable types of RS fall into two classes: Manual
and Automated. The first class includes ‘XML’, ‘Nat-
ural Language’, ‘ARM’, and ‘TIGER PRO’. Also, the
manual class covers a variety of types such as ‘UML’,
‘Reading’, ‘Checklists’, ‘Interviews’, ‘Models’ (e.g.,
‘SDL’), ‘Cross-referencing’, ‘Simple Scenarios’, and
‘Mathematical Proofs’ [91].

In all, to write the right requirement specification,
we need to consider several attributes that are valid,
complete, consistent, beneficial, necessary, unambigu-
ous, uniquely identifiable, verifiable, understandable
(clear), and modifiable. That is why we do not get these
typical mistakes like noise, silence, over-specification-
contradiction, ambiguity, format reference, wishful
thinking, and so on in the requirement specification.

Finally, a new taxonomy of software requirement
specification is illustrated in Figure 7, which is based
on the above description in the three categories ‘Stan-
dards’, ‘Templates’, and ‘Types’. Table 10 shows the
comparison of the proposed Requirements Specifica-
tion Taxonomy with the other taxonomies in those
three categories.
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Figure 7. A New Taxonomy for Software Requirement Specification.

Table 10. Comparison of the Proposed Requirements Specification (SRS) Taxonomy with Others.
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4.3 Requirements Verification and Valida-
tion

Another aspect that is investigated in this research
is the verification and validation approaches. The
main approaches in requirements validation include
mathematical and logical, natural languages, UML,
empirical, trigger, expert systems, and model checking
[92].

According to the RE process, the requirement val-
idation and validation (V&V) phase contains some
activities. These activities comprised verifying the
product’s accuracy and ensuring the satisfaction of
the actual needs to be expected by the stakeholders
of the developed or modified software. Also, investi-
gating SRS towards the goals and stakeholders’ re-
quirements [93] and testing approaches (i.e., UML
models, ModelicalML, UCM, and time usage models
[94]) are tasks considered in V&V. Also, in the stage

of verifying the requirements, the product accuracy
verification activities like product correctness of each
step of the software development process must be per-
formed. Additionally, traceability and compatibility
of the SRS products and other software development
products (design, implementation, etc.) are carried
out against those specifications.

To this end, we suggest an aspect-based taxonomy
for V&V in two aspects, ‘Techniques’ and ‘Levels’,
shown in Figure 8. The most significant of these as-
pects are used ‘Techniques’ for requirements V&V that
include ‘Tracing Approaches’, ‘Model-Based’, ‘Proto-
typing’, ‘Testing Approaches’, ‘Formal Techniques’,
and ‘Review and Inspection’ techniques. Therefore,
the ‘Simple Check’ and the ‘Traceability Matrix’ tech-
niques are considered in the tracing approach class
and FTD in the testing approach class. Besides, one of
the main branches in the techniques branch is model-
based techniques, which we categorize into ‘Logic-
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Based’ and ‘Behavioural Models’.

The ‘Logic-Based’ techniques are comprised of two
classes: ‘First-Order’ and ‘Descriptive Logic (DL)’.
The former class covers the Z, VDM, and ‘UML-OCL’
logic methods, and the second contains the ‘F-SHIN’
derived from ‘Fuzzy DL(F-D)’ models. However, the
‘Behavioral Models’ have covered two diagrams: ‘State
Machine’ and ‘Interaction Diagram’. Also, the types
of formal methods include the ‘Z’, ‘FSM’, profiled
‘UML/OCL’ (e.g., UML/MARTE/SysML fusion pro-
file ([64], [65]), ‘Petri-Nets’, ‘SCR’, and ‘RSML’.

Furthermore, the formal methods must have various
functions such as ‘Simulation’, ‘Testing’, ‘Checking’
(including ‘Completeness’, ‘Consistency’, and ‘Model
Checking’), and theorem-proving methods through
requirements tools -for example, IFX toolset [77].
Lastly, the review and inspection techniques encom-
pass the ‘Walkthrough’, ‘Checklist’, ‘Reading the for-
mat’, ‘Reading and approach(sign-off)’, ‘Active re-
quires’, and ‘Formal inspection’ techniques (e.g., ‘Fa-
gan’ and ‘Lightweight’).

It is important to mention that at each stage during
the requirements engineering process, both verifica-
tion and validation (V&V) are required, which are
called the “system-level”. Besides, the difference be-
tween the analysis and modelling phases and the V&V
is that the input of the analysis phase of the require-
ments is raw and incomplete. However, the V&V phase
works on an SRS which is negotiated and agreed upon
the domain requirements and called “specification-
level” [92]. Accordingly, the second branch of our V&V
taxonomy is dedicated to the V&V levels mentioned
above. In conclusion, it is worth mentioning that al-
though verifying is associated with modelling, we have
put them in two separate taxonomies (see Figure 6 to
Figure 7) to ease the classification of concepts.

Table 11 illustrates the comparison of the proposed
Requirements V&V Taxonomy with others in the
considered aspects. Our proposed taxonomy considers
more aspects than others.

Table 12 summarizes the proposed taxonomies in
requirements engineering development, in which the
aspects considered in the various taxonomies are spec-
ified. The most important of these aspects include
techniques, approaches, methods, tools, models, types,
notation and templates, issues and challenges, stan-
dards and levels, as well as specific aspects in each of
the phases in the requirements development. In fact,
it shows that some aspects, such as techniques and
methods or approaches, have received less attention in
the analysis and modelling as well as the requirements
specifications phases. Nevertheless, the majority of
aspects are investigated in the requirements elicita-

tion and prioritization phases, where prior research
has not integrated and aggregated them.

5 Summary and Future Research

In this paper, we carried out a systematic literature re-
view that provides an expanded view for practitioners
and researchers in requirement development. Based
on the review approach in this study and analysis
of research aspects in requirement development, we
proposed four hierarchical taxonomies in an aspect-
oriented approach. The results and findings of sug-
gested taxonomies and classification in the require-
ments development are summarized in four parts.
These parts are Requirements Elicitation, Require-
ments Analysis and Modelling, Requirements Specifi-
cations, and Requirements Verification and Validation.
The proposed taxonomies can be used by requirement
engineers and system stakeholders to find a suitable
and practical solution to requirements development
problems.

For future research, the following directions can be
considered:

• Requirements Elicitation: In the requirements
development, one of the primary steps is to deter-
mine five different facets with an aspect-oriented
structure, and the popularity of using agile
methodologies. Hence, agile methods such as
modern Requirement Engineering and scenario-
based modelling can be considered in future
works.

• Requirements Analysis and Modelling: The tax-
onomy of kinds of requirements analysis and mod-
elling methods, with notation in previous models,
shows that less research has been done in the field
of ad-hoc and natural language notation.

• Requirements Specifications: For the integration
of Requirement Engineering products and the
ability to transform based on standards, fea-
ture specifications of well-defined requirements,
proper utilization of templates, and avoiding com-
mon mistakes in their definition, the software
requirement specification taxonomy is proposed.

• Requirements Verification and Validation (V&V):
To check out the correctness of Requirement En-
gineering products as well as ensure the satis-
faction of stakeholder expectations, techniques,
challenges, and potential levels, taxonomies are
created by aspect analysis structure in the V&V
phase. Considering the importance of require-
ments verification and the frequency of research
in this field, useful techniques and V&V levels
are presented in the V&V taxonomy.

Furthermore, based on intended aspects for tax-
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Figure 8. A New Taxonomy of Verification and Validation Aspects in RE.
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Marques et al. [63], Gérard et al. [64] X X X

Sequeda [91] X X X

Manzoor et al. [77], Dos Santos [94] X X X

Maalem et al. [92] X X X X X X X X X X

Proposed Taxonomy X X X X X X X X X

onomies as well as defined request questions, some
comparisons were made between the proposed and
previous studies, and their results were presented in
the tables. In future works, challenges, gaps, and re-
search pitfalls such as scalability, reusability, security,
requirements patterns, and globalization in require-
ment engineering can be considered to suggest appro-
priate and optimal solutions for these issues by new
research trends in software requirements engineering.
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