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Abstract: The prioritization of software requirements is necessary for successful software devel-
opment. A use case is a useful approach to represent and prioritize user-centric requirements.
Use-case-based prioritization is used to rank use cases to attain a business value based on identified
criteria. The research community has started engaging use case modeling for emerging technologies
such as the IoT, mobile development, and big data. A systematic literature review was conducted to
understand the approaches reported in the last two decades. For each of the 40 identified approaches,
a review is presented with respect to consideration of scenarios, the extent of formality, and the size
of requirements. Only 32.5% of the reviewed studies considered scenario-based approaches, and the
majority of reported approaches were semiformally developed (53.8%). The reported result opens
prospects for the development of new approaches to fill a gap regarding the inclusive of strategic
goals and respective business processes that support scenario representation. This study reveals that
existing approaches fail to consider necessary criteria such as risks, goals, and some quality-related
requirements. The findings reported herein are useful for researchers and practitioners aiming to
improve current prioritization practices using the use case approach.

Keywords: use case prioritization; systematic literature review; use case model; requirements priori-

tization; requirement engineering; project management

1. Introduction

Software requirements prioritization is one of the early and crucial processes con-
ducted in software management to produce high-quality software, optimize investment
in resources, and reduce potential risks. Requirements prioritization (RP) is an iterative
process whereby a set of requirements is ranked from highest to lowest priority in relation
to their importance to the development of the most critical requirements for the earliest
release of a project [1]. RP is a complex, multicriteria decision-making process [1], contribut-
ing to increased customer satisfaction, even in cases in which a project is overbudget or
behind schedule, as the highly prioritized requirements are delivered early in the project.

Software engineers strive to develop highly flexible, reusable, and maintainable sys-
tems. A well-known paradigm in this context is the component-based paradigm. In
this paradigm, prioritization is applied to use cases that are user-centered functionality
artifacts [2]. The research community has reported its efforts to develop requirements
prioritization techniques whereby requirements are specified in a textual natural language
form [3]. Although natural language text-based specified requirements are vital, prioriti-
zation cannot be omitted. However, natural language requirements lack some necessary
characteristics. First, specifying precise and unambiguous requirements written in natural
language is difficult. Second, a natural language depends on the reader’s and the writer’s
understanding and skills, as there is no standardized format for writing natural require-
ments statements. Unlike standardized visuals, misinterpretation is significantly reduced.
These visual models assist different stakeholders in arriving at a common understanding
of system requirements, facilitating the prioritization process. For example, a use case
diagram assists in visualizing user-centered requirements that show the scope of the system.
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Third, specifying natural language requirements is time-consuming, resulting in the need
for RP, especially for requirements that lack clarity. Fourth, finding the dependencies
between natural language requirements and their change impact is difficult unless they
are labelled, automated, and fulfilled within a requirements traceability matrix, which
cannot easily detect semantic tradeoffs. Natural language requirements inevitably lack a
unique interpretation. Therefore, to minimize the impact of these issues while prioritizing
requirements, some researchers have proposed a data-entity-focused linguistic pattern that
is extracted from use cases as reusable artifacts [4]. Use cases are feasible for requirements
prioritization. In the past two decades, researchers have developed use-case-based prioriti-
zation approaches and investigated their effectiveness in eliciting and prioritizing essential
requirements and scenarios [5-7]. Tools have also been developed to assist analysts in col-
lecting requirements from essential use cases [8]. The use case concept has been employed
for emerging subjects, such as bridging the gap between business and systems [9]. The
contributions of this research are as follows:

B Summary and organization of all use case prioritization approaches in one repository
to open prospects for improvement in terms of usefulness and effectiveness with
respect to emerging technologies;

B  Acting as a roadmap by classifying all use case prioritization approaches according
to the inclusion of scenarios, size, and formality to assist stakeholders in selecting an
appropriate approach;

B Identifying shortcomings regarding necessary but missing criteria that may lead
to the integration of other research areas, for example, goal-oriented and business
process models.

The use case concept was introduced in the mid-1990s as a tool to assist in eliciting
user and functional requirements in software engineering [10-13], acting as a driver for test
cases through the application of forward engineering [14,15]. The rich specification of a
use case is used to estimate effort and cost [16,17], as well as in planning and deriving test
cases [18,19]. A significant role of use cases has been reported in bridging the gap between
business and software systems [9,20,21].

Whether a traditional or agile software engineering process is adopted, RP is conducted
during each phase (i.e., requirements engineering, design, implementation, testing, and
maintenance) [22] and during the planning of each sprint or iteration with the obligatory
involvement of the customer and relevant stakeholder classes [23]. Therefore, owing to the
necessity of prioritization, RP occupies a considerable place in the literature as researchers
have reported the prioritization methods for large, medium, and small projects [3,24-26].
Researchers have recognized the criticality of RP not only in software development but
also in industry and the Internet of Things [27-30].

The research community has reported a significant lack of reviews of current use-
case-based prioritization approaches within recent decades [31]. Only five approaches
have been reported in a small review. Table 1 shows a summary of the gap between the
work reported in [31] and this work, indicating the need to review current approaches to
derive the current state of the art and identify and discuss gaps to facilitate development in
various fields that employ the concept of use cases, such as business/IT alignment, artificial
intelligence, big data, health informatics, and the Internet of Things. The current review can
verify the sustainability of the use case concept for further evolution in IT-based projects.

The remainder of this paper is structured in five sections. In Section 2, we present
the research methodology. Results and answers to the specified research questions are
presented in Section 3. A critical discussion is presented in Section 4. Finally, Section 5
concludes the work.
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Table 1. A Summary of the gap between the current literature and this research work on use

case prioritization.

Comparison Factor Current Literature [31] This Research
Number of reviewed approaches 5 40
Number of scenario-based approaches 2 13

Prioritization criteria

Goals, usage of use case, safety, security,
infrastructure, dependency, frequency,
revenues, availability, reliability, density
of scenario path, structural aspects,
number of actors, number of included
use cases in a use case, number of use
cases that include a use case, and
customer prioritization

All criteria in [31] and more

Domains

The majority in software engineering.
The work reports domains such as
industry and emerging technologies.

Fuzzy logic systems

2. Materials and Methods

The research methodology of this systematic literature review was designed as a
protocol-based process. The process was adopted from the medical domain and redesigned
and adapted to software engineering research. The protocol process was previously in
other reviews [3,32,33]. We refined, blueprinted, and applied the process in this research,
as shown in Figure 1. Each rectangle represents a main phase in the protocol-based
process: identifying a specific set of research questions that stem from the research problem;
designing the research strategy; performing study selection; conducting data collection and
analysis; and, finally, producing review results. The following subsections present each
phase in the designed methodology.

Phase 1: Identifying Phase 2: Identifiying
Research Questions Research Strategy
Phase 5: Showing ¥
Results
Phase 3: Perform
I Study Selection
Criteria
Phase 4: Data
Collection and [— Quality
. Assessemnt
Synthesis riteirg

Figure 1. Research methodology.
2.1. Identifying Research Questions

Having a clear research problem facilitates the derivation of a research aim and ques-
tions. Given the lack of literature reviews summarizing research on use case prioritization
in the last two decades, with the use case concept related to emerging technology topics,
all reported attempts need to be reviewed to align them with the current growth era in
use-case-centric software development [34-36].

In this research, we conducted a systematic literature review to summarize the existing
literature on use-case-based prioritization approaches in software development. In this
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review, we consider research dimensions related to use case prioritization, prioritization
criteria, the size of the project use cases or requirements, contributions, and limitations. The
following research questions were formulated to be answered through the literature review:

RQ1: What is the significance of use cases in requirements prioritization?

RQ2: Which reported studies have employed use the case concept, modeling, or scenarios for
requirements prioritization?

RQ3: Which stakeholder classes are involved, and what are their views on use-case-based prioritization?
RQ4: What gaps exist in the literature that must be addressed to enhance existing use-case-based
prioritization approaches?

2.2. Research Strategy

In the first phase, we identified relevant digital libraries and search strings to answer
the four research questions in related articles, conference proceedings, technical reports,
books, book chapters, patents, theses, and journals. We searched eight databases: IEEE
Xplore, ACM, Google Scholar, Elsevier (Science Direct), Semantic Scholar, Springer, Re-
search Gate, and Academia. These digital libraries were selected because they encompass
the most relevant work published in software engineering, in addition to the advanced
search options provided on their websites [36]. Other digital libraries were considered for
this research, such as EBSCO and Pro-Quest; however, they were excluded because they
returned no results regarding the selected search strings, possibly highlighting a shortage
of use-case-based RP publications.

The search strings were derived from the research problem. Core and common search-
ing strings were “Use case prioritization” AND/OR “Prioritizing use cases”, including
different UK/US spellings and syntax. The following strings were used:

Significance OR Importance of prioritizing use case OR use case prioritization (RQ1);
Use case prioritization methods OR techniques OR algorithms OR approaches (RQ2);
Prioritizing use cases (RQ2);

“Use Case” prioritization (RQ2);

Criteria OR Factors used in prioritizing use cases OR use case prioritization (RQ2);
Benefits OR advantages OR Contributions of use case prioritization (RQ2);

Size of use cases in use case prioritization method OR technique OR algorithm OR
approach (RQ2);

Stakeholders in use case prioritization (RQ2 and RQ3);

9. Limitations OR Challenges in use case prioritization OR prioritizing use cases (RQ2
and RQ4);

The above strings paved the way to answer the research questions indicated next to
each search string.

NG

*®

2.3. Study Selection Strategy

In this stage, we applied inclusion and exclusion criteria, followed by the quality
assessment criteria (QAC) checklist. A total of 40 studies were included in this research
after filtering and selection.

Inclusion Criteria

Studies published in English;
A relevant answer to at least one research question within the publication;
The paper includes strings with any UK/US spelling of “use case prioritization”,
“scenario prioritization”, and “use-case prioritization”;

e  Technical reports, white papers, and research studies from industry domain experts
that do not necessarily employ use case prioritization in software engineering but in
other areas, such as IoT and big data.

Exclusion Criteria

Studies published in languages other than English;
No relevant answer to at least one research question in the publication’s content;
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e Redundant studies.

QAC were formulated as a checklist comprising five criteria with associated scoring
points, as shown in Table 2. The QAC were used for filtering after applying the exclusion
criteria. The Five QACs were applied to publications titles, abstracts, content, and conclu-
sions. Any publication the attained fewer than 5 points was excluded. A total of 40 studies
were selected for this research. The pie chart in Figure 2 shows a quantitative classification
of the publications selected after applying the inclusion criteria and QAC.

Table 2. The quality assessment criteria.

QAC No. Question Point Scores of Answers
1 Is the aim of the research defined and addressed?
2 Does the research scope focus on use case prioritization?
3 Is the presented approach/algorithm/technique clearly explained? Yes = 2, moderately = 1, no = 0.
4 Is the use-case-based prioritization evaluation technique clearly
explained using a case study or datasets?
5 Is the result of the research clearly explained?

Figure 2. Quantitative Classification of Resulted Publications in this Research.

2.4. Data Collection and Synthesis

Each study was analyzed carefully to obtain relevant answers to the four research
questions. Therefore, quantitative and qualitative data are presented. Any data clarifying
the importance of prioritizing use cases is considered an answer to RQ1. Data related
to use case prioritization approaches that involve prioritization criteria such as project
requirement size and formality are considered an answer to RQ2. Information about
the contributions and limitations of each use-case-based prioritization approach answers
RQ2. Information about stakeholder viewpoints and involvement in use case prioritization
answers RQ3. Identifying common gaps across reviewed and analyzed works assists in
formulating answers to RQ4.

3. Answering the Research Questions

A total of 40 publications were selected after applying the inclusion and exclusion
criteria, including journal articles, technical reports, dissertations, conference proceed-
ings, books, white papers, and web pages. The included publication types and associated
percentages are shown in Figure 2. The most prevalent type of publication was confer-
ence proceedings, followed by journal articles, accounting for 45% and 27%, respectively,
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whereas dissertations and reports accounted for 10% and 8%, respectively; books accounted
for 5%; and webpages and white papers accounted for 3% of included publications.

3.1. RQ1: Significance of Employing Use Cases in Requirements Prioritization

The importance of employing a use case diagram in prioritization stems from its
distinctive visualization with rich embedded requirements. A use case diagram also
presents requirements in textual form, using descriptions [37]. The concept of scenarios
is another rich information source within use cases. The research community considers
scenario prioritization within use cases to be an important early activity in project planning
within the process of software development [37]. However, covering all scenarios with
limited time, budget, and resources is difficult [37,38]. Use cases represent an important
aspect of big data innovation and digitalization. A scoring model is used to generate
data-driven prioritized use cases to achieve a desired business value [34,39]. In big data,
use case prioritization is necessary to discover use cases with significant potential impact
on an organization [34]. A data-based scoring model quickly presents data related to a use
case, permitting data scientists to decide whether to proceed with a case in the next release
with minimal potential risks.

Moisiadis provided an explicit answer to this question and indicated the need to
prioritize use cases, particularly their scenarios, during the requirements engineering
process [40,41] in order to expand and elaborate the most important functionalities or
scenarios to the market to improve quality and reduce development time and cost, whereas
less important use cases are not considered in the elaboration of the current release. The
same approach was applied in [42,43], where prioritized use cases were employed early in
each iteration of agile development, concentrating on the increment to be delivered, taking
into account a quality delivery with minimal possible cost and development time [43].

In agile development, use case prioritization plays a significant role in the planning of
iterations [44]. In agile practice, developers prioritize old and new use cases at the beginning
of each iteration in backlog, allowing them to review important functionalities for the next
release early if needed and to shorten agile development time between launched releases,
leading to increased user satisfaction [45]. The consistency of customers’ logical judgment
is represented by prioritization [46]. In agile development, use cases are employed to
increase team osmotic communication. Some research has highlighted the importance
of representing features as prioritized use cases to improve understanding of the system
being developed and its estimated effort according to use-case-driven cost, resource, and
time management plans [31,38,47-50]. In Scrum, sprints are planned based on prioritized
use cases. Personas are employed to identify user requirements representing use cases
for sprint planning [44]. Use cases were found to be appropriate in terms abstractness
to present user requirements, acting as an intermediate model between abstract persona
analysis and elaborated scenario models [44].

Scenarios have assisted in prioritizing test cases using a scenario-based traceability
matrix, facilitating early detection of bugs [19,38,50], and contributing to a reduction in
testing and maintenance costs [31,51]. In component-based systems, use cases and their
scenarios facilitated the identification of the centrality value of an identified use case node
for the sake of improved component interaction management [52]. Prioritization cannot be
addressed without considering requirements dependencies; the literature shows that use
cases indicate dependencies between functional requirements [37]. In ontology engineering,
use-case-driven ontologies are prioritized to evaluate respective commitments during the
test of a workflow [53]. Use cases are used to derive use case function points (UFP), which
are employed for effort estimation [54].

Researchers have reported the significance of use-case-based prioritization not only
in the early stages of software development but also in consequent later stages, resulting
in the development of the use-case-centric software development process, which reflects
the influence of the use case concept on requirements engineering, development, testing,
and change management [38]. Use case prioritization implicitly prioritizes the most critical
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defects [6,18,38], which requires a finite set of test cases [55]. Prioritizing use cases is the
cornerstone of the process of identifying critical classes that are most frequently used within
use cases to address critical non-functional requirements such as reliability [55]. In software
product line engineering, the development strategy relies on the development of reusable
functionalities and test assets to support the development of a new product in the same line
with minimum effort and cost [38]. In this context, use-case-driven development improves
the testing process in terms of time, cost, and effort [54], as reported with respect to the
classification of use-case-driven test cases that are obsolete (i.e., new tests), retestable (i.e.,
currently exist but require a rerun to address the impact of change), and reusable (no retests
needed) [38]. Use-case-driven test case classification can also take the form of RP.

According to Kundu and Samanta [5], prioritization of use cases is necessary to address
quality goals and business goals. The former are related to non-behavioral aspects indicat-
ing which scenarios of a use case are more critical than others in terms of soft characteristics.
Such goals should be addressed during the software analysis phase, highlighting areas of
attention for consequent design quality, implementation, and testing activities. Business
goals are related to behavioral aspects indicating which scenarios of a use case and which
use cases should be released for the next increment to address customer business needs
for a particular value or benefit. Neither type of goal can be defined without employing
prioritized use cases and their embedded scenarios.

Use case prioritization has been conducted using well-known techniques such as
analytic hierarchy processing (AHP) to consider stakeholder preferences and plays a
central role in mobile development [44,55,56]. A mobile application must meet frequently
changing market needs based on customer preferences [56]. Therefore, this paves the
way for product optimization and mobile application development with reduced costs,
resources, and effort [56].

Garcia et al. have analyzed use cases that are critically required to identify the most
important functionalities of any system [57]. They analyzed not only applications in the
software engineering field but also other fields, such as the oil and automotive industries. In
the heavy vehicle industry, use case scenario prioritization was used to provide information
about the most frequent accidents with associated injury and cost data [27].

Use case prioritization is employed in data analytics to generate use-case-driven
data that are used in a prioritization matrix, assisting in the scaling of the respective
manufacturing processes and accelerating the knowledge innovation level to maintain
the competitiveness of an organization with maximum possible benefit [28-30]. Use case
prioritization can also be used for early implementation and diagnostics with a minimum
cost and failure rate [28,30]. Use case classification has also contributed to the identification
of critical business metadata in system requirements to maintain the quality of data for
the users’ benefit [58]. In manufacturing, use case prioritization in data analytics systems
contributed to the selection of optimal use cases for a production that was 28% more cost-
effective than traditional approaches [29]. Identifying and prioritizing use cases in the big
data context supports the improvement of organizations’ business processes to address
their goals [30].

Owing to the difficulty of selecting a project for digitalization with respect to con-
straints in terms of cost, resources, and know-how, use-case-based prioritization has paved
the way for the appropriate selection of projects for digitalization purposes [39,58], con-
tributing to further improvement of business processes and the selection of the appropriate
experts and resources for a high-quality project implementation [39,58,59]. In the oil and
gas industry, use case prioritization was utilized to identify the most and least important
factors in implementing digital technology [60].

The role of use case identification and prioritization is evolving in the domain of the
Internet of Things as part of customer experience priority understanding [35]. Use case
prioritization can be employed to support decision makers in increasing sales, consumer-
driven optimization, marketing, and brand awareness [35].
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3.2. RQ2: Reported Research on Use-Case-Based Prioritization

This research question was answered by reviewing and analyzing the content of
the 40 publications induced according to the selection strategy. Resources are ordered
historically in Appendix A, which shows the resource, type of publication, prioritization
criteria/approach applied, size of requirements, extent of formality (formal, semiformal, or
informal) scenarios considered in the prioritization, respective contributions, and limitations.

3.3. RQ3: Stakeholders Invovled in Use Case Prioritization and Their Viewpoints

Moisiadis considered stakeholder goals as the driving source in prioritization. Stake-
holder goals may embody the values of a customer, cost preference, technical risk mitigation,
or conformity with an organization’s regulations. Prioritization of viewpoints is based
on the degree to which a use case satisfies or fulfils (a) business goal(s) [40,41]. Some re-
searchers consider the viewpoint of developers viable only within use case scenario-based
prioritization, for which details matter [42,45]. In ontology engineering, some researchers
have highlighted the need for domain knowledge experts to indicate and assess prioritiza-
tion factors [53]. If ontology is employed, then ontology domain experts are involved in
prioritization, particularly in identifying competency questions [53]. Domain experts are
not only involved in prioritization in ontology engineering but also in big data, as a data
scientist team and domain experts contribute to the classification of data-driven use cases
based on strategic criteria [28,30,34]. Therefore, skilled domain experts who are willing to
learn are essential stakeholders in prioritization [57-60].

Some prioritization techniques require the modeling of scenario-based diagrams using
a system sequence diagram or UFP. In this regard, a business analyst or domain expert is
responsible for prioritizing use case scenarios or function points by considering respective
quantitative metrics [5,37,54,55]. During requirements analysis, Wah differentiated between
user and customer stakeholders [49]. The former is the end user who directly uses the
system, whereas the latter is the sponsor of the project. A sponsor can also be the end user.
In this regard, users and customers are those in charge of prioritizing use cases as features of
interest for the next release. However, a developer or development manager evaluates the
feasibility of prioritization and negotiates whether changes are required [48,49]. Synthesis
of the prioritization of users and developers is essential to minimize the expectation gap
between users and sponsors [50]. In many cases, business analysts and other stakeholders
implement prioritization techniques in concert to prioritize use cases [2,38,46].

In agile development, particularly in Scrum, use cases or features should be prioritized,
which is the responsibility of the product owner, who lists the use cases in backlog for each
sprint iteration [43]. One recommendation is to establish a feature team that is in charge
of understanding, analyzing, prioritizing, and validating the new features for a use case.
Feature team members are responsible for specifying features, business planning, designing,
software implementation, testing, project management, platform implementation, and
interworking. The team also consists of representatives of the requestor of a feature or
simply the customer [43]. Others who implement Scrum in their projects include analysis
teams, design teams, and management teams [44].

In the mobile development context, mobile applications must be frequently updated
and aligned with market needs and changes to maintain or increase customer satisfac-
tion [56]. Therefore, researchers have considered the involvement of customers or app
users as essential evaluators in prioritization sessions [56]. Although the aforementioned
research works classified stakeholders, some classified them as internal and external stake-
holders [39], including any individual, group, or organization that can affect the project
either positively or negatively or directly or indirectly [12].

The future of use case prioritization is represented by the Internet of Things, as
stakeholders such as marketers, consumers, innovators, brand strategists, executives, and
technologists are still involved [35].
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3.4. RQ4: Gaps and Opening Insights to Enhance the Existing Use-Case-Based
Prioritization Approaches

This review highlights gaps in terms of strategically driven prioritization of use cases
that stem from the absence of strategic views represented in the form of goal-oriented mod-
els. Among the forty publications included, only 7.5%, represented by three research works,
considered the goals of use-case-based prioritization [31,41,46]. One study implicitly men-
tioned the importance of considering goals without involving them in prioritization [31],
and only one employed goals which were considered to be stakeholder-driven in a scenario-
based context [41]. However, goals were not methodologically elicited, analyzed, designed,
and operationalized [41], indicating that current use-case-based prioritization approaches
are applied without considering the rationale of prioritizing requirements or use cases
for system implementation. Overcoming this gap is anticipated to contribute to decision-
making support for use cases prioritization, resulting in a highly complete, correct, feasible,
testable, and consistent set of use cases. Consideration of goals informs the stakeholders
of prioritization implications with respect to business objectives that are aligned with sys-
tems [10,11]. A thorough understanding of strategically driven and business-process-based
prioritization of use cases is a high priority prerequisite to develop a decision support sys-
tem [61] because decisions cannot be prioritized independent of respective strategic goals
or domain processes, both of which consider actors a source of goals and use cases [62,63].
For example, the i* framework is a goal-oriented and actor-centric modeling approach that
considers goal prioritization as a means of criticality in its strategic dependency model.
Moreover, the strategic rational model in the i* framework supports strategic scenarios to
address a goal in the form of social modeling [64], providing insight to engage strategic
views and pave the way to influence the respective prioritization of not only the use cases
but also their associated scenarios. Further insight is provided, supporting the proposition
of a 2D traceability prioritization matrix that links goals or business objectives to respective
use cases. An initial view of the 2D matrix is shown in Table 3. The prioritization ranking
level is the intersection of a use case with a goal. For example, Use case 2 may be highly
important for Goal a, whereas Use case 1 may be moderately important for the fulfilment
of Goal b. The ranking level is indicated based on the selected prioritization approach [3].

Table 3. Suggested prioritization matrix of use cases with respect to goals.

Prioritized Goal/Use Case Use Case 1 Use Case 2 Use Casen ... ... Use Case m
Goal 1 Ranking level

Goal 2 Ranking level

Goal a Ranking level

...... Ranking level
...... Ranking level

Goal b Ranking level

The matrix is anticipated to act as a validation tool upon strategically based use case
prioritization. Although scenarios are minimally considered in use case prioritization in
the literature, in 13 of the reviewed studies (32.5%) [5,12,14,19,27,37,38,40,41,50-52,55], as
shown in Table 4, each scenario required resources, cost, effort, and a risk management plan;
however the stimulation incorporates the scenario as a third dimension in the proposed
matrix, highlighting another gap in the current literature, i.e., that few of the reviewed
studies reported scenario-based use case prioritization approaches. Although the proposed
matrix is anticipated to resolve the gap described above, another gap is still apparent in
relation to the operational business processes relevant to goals.
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Table 4. Classification of publications in the literature in terms of the size of the project for scenario
and non-scenario use case prioritization.

Size of Use Case

Seq ID I;Iifs::ﬁc 1;11 Small Medium Large
No. Order Scenario- Not Scenario- Scenario- Not Scenario- Scenario- Not Scenario-
Based Based Based Based Based Based

1 [40] 1
2 [41] 1
3 [15] 1

4 [60] 1
5 [45] 1
6 [57] 1
7 [53] 1
8 [18] 1

9 [5] 1

10 [47] 1

11 [42] 1

12 [49] 1

13 [51] 1

14 [50] 1

15 [19] 1

16 [55] 1

17 [58] 1

18 [27] 1

19 [43] 1

20 [52] 1

21 [65] 1

22 [62] 1

23 [48] 1

24 [31] 1
25 [46] 1

26 [35] Not mentioned

27 [37] 1

28 [54] 1

29 [34] 1

30 [14] 1

31 [39] 1
32 [66] 1

33 [28] 1
34 [44] 1

35 [56] 1

36 [29] 1
37 [60] 1
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Table 4. Cont.

Ref No. in

Size of Use Case

Seq ID - . Small Medium Large
N Historical
0. Order Scenario- Not Scenario- Scenario- Not Scenario- Scenario- Not Scenario-
Based Based Based Based Based Based

38 [30] 1

39 [38] 1

40 [59] 1

Sum (Percentage) 6 (15%) 10 (25%) 4 (10%) 7 (17.5%) 3 (7.5%) 9 (23%)

Overall 16 11 12
Percentage 40% 28% 30%

In addition to the absence of a strategic view, the absence of a business view is
apparent and is represented in the form of business process models, representing another
gap, providing eye-opening insight into current use-case-based prioritization. Business
processes are inevitably considered when prioritizing use cases, as use cases are implicitly
derived from business domain processes [7,63]. In research, use cases can bridge the gap
between businesses and systems through business processes [63]. A business process is
designed to fulfil at least one strategic goal and to derive at least one use case [62]. Therefore,
we anticipate that prioritization of goals cascades further to respective business processes,
use cases, scenarios, software design, implementation, and testing. In this situation, we
suggest that use-case-based prioritization be initiated by strategic goals and associated
business processes, which is anticipated to enrich the description of prioritized use cases
and associated scenarios to become strategically driven and process-based and to increase
the prioritization consistency of use cases. Because a use case specification is rich in required
information that involves identifying data entities, strategic prioritization of a use case may
also influence prioritization [63], highlighting the anticipated essential role of use cases in
prioritizing data entities. This process also provides insights into the necessity of obtaining
an architectural blueprint of the business processes that operate in the domain, namely,
business process architecture. The architecture is anticipated to aid in assessing the impact
of changes in reprioritization with respect to other business-process-driven use cases [63].

We anticipate that an elaboration of business goals can support the fulfilment of
business processes and associated business rules, as described by the following proposed
chain relationship:

Business goals — business processes — prioritization rules — prioritized use cases —
prioritized scenarios.

Business process models are rich in rules that are represented, for example, in the form
of conditional or event-based gateways that can be translated into prioritization rules that
are formed with respect to process-based customized criteria, which are missing in the
reported literature. Each business domain has customized goals that are operationalized
in terms of requirements or use cases [67], motivating specification of the above chain
within a framework that structurally derives customized prioritization rules and respective
prioritized use cases from goals and business process models. This process also provides
insight that can support the employment of conceptual modeling techniques to represent
the framework.

Regarding identified criteria for prioritization, the literature lacks a structured and
comprehensive classification of prioritization criteria that direct stakeholders for appropri-
ate decision making. The majority of the reported approaches are informally conducted,
accounting for 37.5% of reviewed publications, as shown in Table 5. Regarding the size of
projects applied in case studies, small projects accounted for the majority (16, corresponding
to 40% of the reported literature), whereas 65.5% of studies reported in the literature were
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not scenario-based, as shown in Table 4. Therefore, there is a need to propose a structured
and comprehensive classification method for prioritization criteria that are customized by
the derivation of goals and scenarios to pave the way for formalization considering project
sizes, given the lack of formal scenario-based approaches, as reported in Table 6 (30.8%).

Table 5. Classification of studies regarding formalization.

Seq ID No. . Ref.No. in Forma.llization
istorical Order Informal Semiformal Formal

1 [40] 1

2 [41] 1

3 [15] 1

4 [60] 1
5 [45] 1
6 [57] 1

7 [53] 1

8 [18] 1

9 [5] 1
10 [47] 1

11 [42] 1
12 [49] 1

13 [51] 1

14 [50] 1
15 [19] 1

16 [55] 1

17 [58] 1

18 [27] 1
19 [43] 1

20 [52] 1

21 [65] 1
22 [62] 1

23 [48] 1
24 [31] 1
25 [46] 1
26 [35] 1

27 [37] 1

28 [54] 1

29 [34] 1

30 [14] 1

31 [39] 1

32 [66] 1

33 [28] 1
34 [44] 1

35 [56] 1
36 [29] 1
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Table 5. Cont.

Seq ID No. ' Ref'No. in Formalization
Historical Order Informal Semiformal Formal

37 [60] 1

38 [30] 1

39 [38] 1

40 [59] 1

Sum 40 15 11 14

Percentage 100% 37.5% 27.5% 35%

Table 6. Classification of studies regarding formalization for scenario-based approaches.

ID No. . R ef.N 0. in Formalization in Scenario-Based Approaches
Historical Order Informal Semiformal Formal
1 [40] 1
2 [41] 1
[5] 1
13 [51] 1
14 [50] 1
15 [19] 1
16 [55] 1
18 [27] 1
20 [52] 1
27 [37] 1
30 [14] 1
34 [44] 1
39 [38] 1
Sum 13 2 7 4
Percentage 100% 15.4% 53.8% 30.8%

4. Discussion

Despite extensive coverage of requirements prioritization in the literature [3,24,25],
only 40 systematic mapping studies have applied use-case-based prioritization: 18 con-
ference proceedings, 11 journal articles, 1 webpage, 4 dissertations, 3 technical reports, 1
white paper, and 2 books, highlighting the need for continued research on the importance
of use-case-based prioritization. The discussion presented below is relevant to the four
research questions.

To answer the first RQ, it appears that use case prioritization is necessary for the
planning of project iterations [37,38,44], determining further innovation and digitaliza-
tion [34,39], minimizing risks [34,39], increasing team osmotic communication [45], reduc-
ing testing and maintenance costs through an early detection of bugs [31,50,51], appropriate
selection of projects [36,57,58], estimating efforts using function points [54], and addressing
organizations’ processes and goals [30]. Use case prioritization supports scaling of the
respective manufacturing processes and acceleration of knowledge innovation levels to
maintain the competitiveness of an organization with maximum possible benefit [28-30],
resulting in improved quality and reduced development cost, time, and effort [40-43], as
well as further increases in customer satisfaction [45]. Use case modeling not only sup-
ports the presentation of linked functional and non-functional requirements but extends
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further to show interdependencies that are necessary to indicate the impact on prioritiza-
tion [68]. Use case prioritization can be employed to support decision makers in increasing
sales, consumer-driven optimization, marketing, and brand awareness in mobile develop-
ment [35]. Therefore, answering the first question highlights the extent to which use case
modeling is necessary to support project-development-related information.

Answers to the second RQ are shown in Appendix A. Considering scenarios is essen-
tial for prioritization when each use case is elaborated into one or more scenarios [10-12].
Therefore, we analyzed 40 reviewed publications and found that only 32.5% of them were
scenario-based [5,12,14,19,27,37,38,40,41,50-52,55], as shown in Table 4, indicating a lack
of scenario-based prioritization approaches, with 38.5% of studies considering use case
as an abstract concept, whereas use case specifications or relations were not employed
in [19,27,37,52]. Paying attention to scenarios during prioritization is necessary, as each
scenario contains embedded information essential to understanding and specifying system
functionalities, imposing constraints, and determining objectives to fulfil what is formu-
lated as system behavior [68]. Hence, missing a scenario in use-case-based prioritization
contributes to increased incompleteness and inconsistency of system functionalities [68].

We also quantitatively analyzed the included studies in terms of the extent of formality.
The results show that use-case-based prioritization approaches were either informally
applied (37.5%), formally applied (35%), or semi formally applied (27.5%), respectively,
as shown in Table 5, motivating researchers to develop new approaches that are either
formal or semiformal for automation in order to increase prioritization efficiency in terms
of reducing efforts, costs, and errors. The majority of the 13 scenario-based prioritiza-
tion approaches are classified as semiformal (53.8%), whereas the rest are classified as
formal (30.8%) and informal (15.4%), indicating that the majority fits with the semifor-
mal approaches represented in the form of models or diagrams. Therefore, any further
improvement in a scenario-based approach is recommended to be represented using a
semiformal approach.

Regarding the size of use cases, 16 approaches have a small size, 6 of which are
scenario-based; 11 are medium-sized, 4 of which are scenario-based; and 12 are large, 3 of
which are scenario-based, as shown in Table 4, indicating that research efforts were directed
within the small size scope of use cases. Most of the scenario-based approaches are applied
for the small size use cases, indicating that research efforts in the early stage of proposing
formal or informal scenario-based approaches for medium-to-large use cases.

As stakeholders’ goals were among the reported prioritization criteria and although
very few were identified among the reviewed studies (3 of 40; 7.5%) [41,46,63], goals require
special attention as they are the rationale for indicating the importance of use cases that
meet stakeholder needs [41], representing a drawback in the literature regarding the consid-
eration of goals in prioritization (only one of the three reported studies considered goals in a
scenario-based approach (33.3%) [41], whereas the remaining two were not scenario-based
(66.7%)) [46,63]. Because goal fulfilment requires elaboration of alternatives, which can
be mapped to scenarios [64], semiformal scenario-based prioritization approaches can be
enhanced using goal-oriented approaches [64,67]. This approach can be similarly applied
to the concepts of business process modeling, whereby a goal can be achieved in a business
process model in different flows of activities formulated as scenarios [69], bridging the
prioritization-related gap between businesses and systems [63].

To answer the third RQ regarding the involvement of stakeholders in use-case-based
prioritization, some researchers reported generic stakeholders [41], and some specified
their roles. For example, domain knowledge experts conduct prioritization with respect
to domain competency factors [53], and data scientists are responsible for prioritizing use
cases according to strategic criteria [28,30,34]. Although researchers have attempted to
specify stakeholders, the business analyst and direct users appear to be the primary stake-
holders in all situations, collaboratively implementing prioritization, whereas managers
and developers may contribute to the evaluation of prioritization feasibility to reduce
the expectation gap [48-50]. In agile development, the product owner, along with users,
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prioritizes use cases in each iteration [43]. In order to meet market needs, marketers, con-
sumers, innovators, brand strategists, executives, and technologists contribute to use case
prioritization [35] in order to increase customer satisfaction.

The answer to the fourth research question is summarized by an analysis of the gap
in the reported studies in relation to the consideration of goal-based and actor-oriented
approaches to prioritization [64]. Such approaches entail the absence of associated business
processes that embody use case scenarios, as business process models are designed to
visualize main workflows considering alternative paths [9,62]. Prior to obtaining business
process models, the process architecture must be presented in order to assess the impact of
anticipated prioritization on interrelated processes that embody use case scenarios. This
process architecture must also consider an organization’s policies, procedures, and protocol
governance. In this study, we report a clear absence of customized prioritization criteria
that are described as business rules derived from business processes, which are sources
of use cases [63]. Another recent work proposed a hybrid model to customize priorities
according to project factors [69,70].

Another recent study proposed the automatic generation of use case models [71],
although the prioritization perspective remains absent from the business perspective. The
origin of prioritization should a be source with a higher-level view of the business process
models, namely, the business process architecture. Prioritization shows the organization
and relationship among business processes before enacting software systems. Owing
to the importance of prioritization in domain understanding, we recommend initiating
prioritization in the early stage.

Even if goals and process models are considered, several challenges can rise during
use case prioritization, such as the following:

B  Stakeholder agreement: Different stakeholders may have conflicting priorities, inter-
ests, and multicriteria factors, making it challenging to arrive at a consensus agreement
on prioritization. To reduce this challenge, in each iteration, a class of representative
stakeholders is recommended to participate in prioritization. Agile development
processes support a reduction in this challenge [72]. Approaches applied to IoT
technology can be used to resolve the challenge of multicriteria factors in prioritiza-
tion [73].

B  Limited resources: Budget, time, and manpower are limited resources for any organi-
zation, making it challenging to determine the optimal use of these resources with
competing use cases. Algorithms can be developed to determine the optimal use
of resources in this regard. Such an algorithm could be used to identify desirable
features for project management tools.

B Unclear business value: Quantifying and evaluating the business value of each use
case is a difficult task. Prioritization becomes more difficult when there is a lack of
clarity in terms of potential benefits, return on investment, and the impact on goals.
However, this challenge can be reduced when the research community proposes
quantitative evaluation methods to determine levels of business values for prioritized
use cases.

B Changing priorities: As use case prioritization is an iterative process and owing to
changes in market needs and the involvement of different stakeholders, requirements
and priorities change over time. New use cases may emerge, whereas existing ones
may become less relevant. Managing the change in these priorities is challenging.
One proposed solution for this challenge is to tailor a change management process
that aligns with the notion of the project.

5. Conclusions

In this paper, we reported on research undertaken to inform the current state of use-
case-based prioritization approaches using a methodological research design based on the
systematic mapping method. Only 40 research articles that addressed the orchestrated SMS
research process were identified with a set of search keywords, inclusion and exclusion
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criteria, and a set of four research questions to summarize attempts articulated in use-
case-based prioritization applied in different fields and contexts. The analysis presented
in this study classifies use case prioritization approaches into scenario-based and non-
scenario-based approaches. Only 32.5% of the reviewed studies involved scenario-based
prioritization approaches, about 50% of which were applied to small projects, whereas
7.5% of reviewed studies considered goals as a source for the prioritization of stakeholder
use cases, indicating that the research community has made few efforts to develop such
perspectives on use cases, although goals should be the contributing driver specifying prior-
itization criteria in order to achieve business and development objectives. Our analysis also
shows that the majority of use-case-based prioritization studies involve informal specified
approaches (37.5%), highlighting the limited number of efforts to develop semiformal and
formal approaches.

This review highlights the need to engage goal-oriented modeling (i.e., strategic view)
and business process modeling (i.e., business view), as both are anticipated to improve
the communication of prioritization criteria between stakeholders. Both contribute to the
creation of a common understanding without delving into the technology of software
systems. The integration of both is anticipated to contribute to an increase in use case
prioritization consistency, as they are both goal-driven and utilized to educate stakeholders.
The present study also highlights the lack of a classification of prioritization criteria. For
example, criteria can be classified into use-case-related (behavioral or non-behavioral),
development-plan-related (e.g., resource availability, time, cost, etc.), or externally related
factors (e.g., policies, regulations, and standard-related). This classification paves the way
for the specification of comprehensive prioritization criteria.

This study highlights another drawback of failing to consider organizational policies
and procedures with implicitly or explicitly embedded stakeholder needs and prioritization
criteria. Risks were identified as necessary missing criteria. Using data science and analytics,
risks can be identified by data-driven approaches, drawing attention to the necessity of
including them in use case prioritization. One limitation of the present study is related to
reporting the traceability impact of use case prioritization relative to dependent detailed
system models, such as class models, sequence diagrams, and state diagrams.
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Appendix A
. . Use-Case-Based 5 Challenges/
Seq Digital Library Prioritization Criteria/Approach Used in Prioritization Reguirements Formal!Informal Contributions/Strengths Limitations/
(Publication Type) Size Scenario-Based?
Reference Weaknesses
Criteria were applied at the use case scenario level by
indicating the following:
. Total number of entities used in the use case; AP -,
. Total number of actors used in the use case; Enhanced t[}}?\/%{l Crlrfgsgﬁr_?f entities for Time-consumine approach
IEEE X . Frequency of a particular entity in the use case; 4 PR & app
plore . ; . : Supports forward and backward to prioritize each single
) . Frequency of a particular actor in the use case; Semiformal - N .
1 Research Gate [40] o Erequency of entity usage in a particular Small Scenario-based stakeholder-centric traceability for scenario.
(Conference) scegario i}; the useycase,g p derivation of the most important Criteria are not
. . . scenarios, supporting change comprehensive.
. ilj;‘etglgznsceycgi :CtOI‘ usage in a particular scenario management,
Stakeholders’ goals are considered in prioritization
using the ‘analytic hierarchy process’ (AHP) approach.
Applies a semi-quantitative method based on total Few software
quality management (TQM) in a two-tier prioritization . R o
Google Scholar framework. Addresses business goals and reduces organizations are willing
IEEE Xplore Tier 1: Determine the rank of use cases in the use case risks in software design and to adopt this formal tool,
2 Research Gate [41] model by aggregating the rating values of stakeholders, Medium Semiformal implementation. as it highly depends on
Semantic business goals, and Leage metres Scenario-based Supports rationalization of each use human decision making
Scholar Tier 2: 1d égntify, the mos?im ortant scenarios of the case with respect to stakeholders, and heuristics.
(Conference) important use cases that satri)sf stakeholder and business goals, and usage metrics. The technique is not
pr g) duct needs y well-structured.
Guides reviewers with respect to all
Use cases prioritization is conducted from a user kinds O_f so_ftware inspection artifacts
GFEEgéeXSCIhOMr perspective according to the steps outlined below: b]gll fmdlfng the most impor tart’g
plore . . - problems from a user’s perspective. . .
: act b et oI informa Fachates s sy 1 latonhies betwen
Semantic Scholar - ased on sumple statistical calculations; Not scenario-based activities, as this guide can be ot considered
Academia 2. Track_ the use case scenarios that achu?ve the considered to identify the most .
(Journal) associated goals through documentation. important problems in requirements
engineering, design, implementation,
and inspection.
Developers apply user-centric prioritization criteria to
use cases based on: The CICE tool enables effective
. The frequently used use cases; prioritization coordination between
le Schol . Time needed to gather the respective data in the developers and users and facilitates A complex approach.
Google Scholar ly risk tduring project Prioritization is highl
Research Gate selected use cases; ) Formal early risk management during projec rioritization is highly
4 ; [60] . The significance of results after implementation; Medium . planning. dependent on developers
Semantic Scholar ne sig ! Not scenario-based . . . , Lo
(Technical Report) . Significance of data sources in each use case; Enrlched oqtology 1mplementatlon_of and end users su_b_]e_ctlve
. Associated risks identified in relation to an informational model representation personal capabilities.

components in the software architecture, where
each component is related to a use case.

by considering prioritization as
constraints in the ontology.
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. s Use-Case-Based s Challenges/
Seq Dl [Llrevsy Prioritization Criteria/Approach Used in Prioritization P e oyl el Contributions/Strengths Limitations/
(Publication Type) Size Scenario-Based?
Reference Weaknesses
R . Permits early indication of use case dPrloréhZ?tlondl s hllghly ,
Use cases arie1 prlontlz_ed b_ascei(_:l on ;hg r.nost important quantities that should be implemented, epe? ent i(‘)1r1 e::s ?}llaers
Google Scholar user-oriented interactions indicated by: along with associated risks before in%eu esrl::ceg o ilsa?a andpits
gl > . The frequency of interaction; interface design and development,
Academia.edu , N S Formal N . " sources.
5 [45] . The duration of data gathering; Large : contributing to improved risk o
Research Gate Not scenario-based Criteria are not
: . The form of the results. management. :
(Technical Report) N ior d nk ledee i comprehensive.
The approach is applied in domain ontology prior to 0 gr;or .Om.?.m r11_o wte, &e 1ds . The relationships between
interface development. required to prioritize clients’ needs in use cases and actors are
the form of use cases. -
not considered.
Prioritization is based on analysis of a structured use
case model. Criteria values result from computation of
criticality factors including but not limited to: The prioritized analyzed use cases Prioritization of critical
Google Scholar . Safety; provide valuable early information factors is highly dependent
Springer . Security; ) Semiformal related to design, implementation, and on knowledge experts.
6 Resear_ch Gate [57] . Infrastructure; Medium Not scenario-based testing. Many factors are sub]ect'lve.
Semantic Scholar . Frequency; The use case relationships (included Some are hard to predict
(Conference) . Revenues; and extended) are considered in during the early stage of
. Availability; prioritization. system development.
. Reliability.
Highly dependent on the
complexity of the ontology
being built, as well as the
skills and experience of
involved stakeholders.
Understanding use case
An ontology-oriented use-case-driven concept in ontology
Google Scholar A new context of use cases is introduced. Use cases are model bridges the gap between the development context is
7 Research Gate 53] described as “paths of knowledge” to specify the Laree Informal users (i.e., who requires the ontology) challenging and not
Academia o respective knowledge that should be encoded in the & Not scenario-based and the ontology developers. well-structured.
(Conference) ontology. Facilitates user-centric ontology No clear prioritization
building. technique/criteria are
presented.
The relationships between
use cases and actors are
not considered.
No use case model is used
for demonstration.
No use case model is used
for demonstration.
Google Scholar Importance criterion needs
ACM PP Reduced defects in the software further elaboration. No
IEEE Xplore Expert-based use case prioritization performed by roduct clear prioritization criteria
8 Elsev};er [18] domain application experts according to their Small Semiformal Emplo edpin valiciation and I:’are resented.
importance the user viewpoint. Then, test cases are Not scenario-based mproy! P )
Research Gate enerated accordinel verification to control the number of
Academia 8 8y generated test cases. Limited involvement of
(Conference) stakeholders, with domain

experts only consulted
during prioritization.
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. s Use-Case-Based s Challenges/
Seq Dl [Llrevsy Prioritization Criteria/Approach Used in Prioritization P e oyl el Contributions/Strengths Limitations/
(Publication Type) Size Scenario-Based?
Reference Weaknesses
The path density and criticality of use case scenarios
are prioritized based on:
. Subpath length;
. Commonality with other scenarios paths;
. Number of repeated subpaths in other paths of a
scenario. Improves the SDLC quality by paying
This technique consists of three steps: more attention to the scenarios that are The design of the SSDs of
q P 8!
S tion | ; ; involved in design, implementation, all considered use cases for
1. Each use case description is designed according - & P T
0 a template that shows all possible use case and testing phases early in the process. ~ prioritization is time- and
scenario}s). One use case contgins at least one __ Reduces disagreement between effort-consuming. .
Google Scholar scenarios involved stakeholders in prioritizing Prioritization weight is
IEEE Xplore 2 Each use case scenario is converted into a the use cases, as the approach is absent in use case relations
9 Academia.edu 5] : system sequence diagram (SSD) that shows the Small Formal described as a structured formal (extended and included).
Research Gate rr}llessa e f{low betw eegn actors and the system: Scenario-based analytical technique that is free of Prioritization weight is
Semantic Scholar g s A ! human heuristics. Therefore, the need absent among use case
3. All SSDs are converted into one scenario graph p . ng
Conference R for domain analyst experts durin; actors (primary and
(SG) y P g p y
4. Scenarios are prioritized on the SG: _ prioritization is low. . secondary) and
Determined early during the analysis stakeholders.
a. Convert the SG into a tree; hase by the cost of each scenario and Criteria are not
7 P Y
b. Calculate the weight of each edge; associated effort in each use case, comprehensive.
[ Calculate weight of scenarios to generate a paving the way for automation.
prisonization metric.
High scenario cost (SC) values indicate the most
important/critical paths.
The calculation of SC is independent of the software
analyst.
. Categorization of a fixed set of use cases based . . Other stakeholders’
on master—transaction, transaction—transaction, Prompts the implementation phase viewpoints are not
Google Scholar master—reports, and transaction—reports; ) due to the Con§1d§rat10n_ of the considered.
10 Research Gate [47] e Design use cases precedence diagrams (UCPDs) Small Semiformal developer’s viewpoint. Prioritization is limited to
IEEE Xplore from the developer'’s perspective: Not scenario-based The use case relationships (included a fixed set of use cases
(Conference) . Requirements are prioritized based on their ease and extendgd)'sre Eonsidered in Prioritization criteria are
of construction. priortization. not comprehensive.
The approach has two main phases:
1. Prioritize use cases using a precedence diagram Actors and use case
Go%glg Scholar and extract rules proposed to count unadjusted E | Contributes to early prediction and relathgs ars not
11 pringer [42] function points (UFPs) using UML class Small orma estimation of efforts in incremental consigered in
Research Gate diagrams; Not scenario-based software development processes prioritization.
(Journal) 2. Estimate effort using UFP and COCOMO's ’ No clear prioritization

effort adjustment factor (EAF).

criteria are presented.
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. s Use-Case-Based s Challenges/
Seq Dlg}tal .lerary Prioritization Criteria/Approach Used in Prioritization Requirements Formal{Informal Contributions/Strengths Limitations/
(Publication Type) Size Scenario-Based?
Reference Weaknesses
Google Scholar o . Criteria are not
S% ringer Prioritization criteria are: comprehensive and not
€ . e . 11-specified.
Academia.edu 9 d Importance to customer; Informal Supports traceability requirements and well-sp
12 Research Gate 149 * The extent to which feasibility is addressed for Small Not scenario-based their dependencies. Actclxrs_ and use case
ACM organization. re! atlo_ns are _not
(Journal) considered in
prioritization.
. Scenarios in a use case are represented using
UML activity diagrams. Each path in the activity
diagram represents one scenario of a use case;
. Prioritization is applied using simple
mathematical formulas; . Overall prioritization of
. Each activity diagram is converted into a tree use cases is not considered,
using depth-first search traversal steps: as the approach targets use
1. Convert the activity diagram into a tree case scenarlc;)nlfrlonhzahon
structure; - Use case relatigﬁs (‘include’
2. Prioritize scenarios in the tree based on: . . . . . ” g
Google Scholar Finds critical scenarios to assisted in and ‘extend’) and actors
IEEE Xplore a. Weights of nodes: each node is assigned a highly accurate estimation of the effort are not considered in
13 ACM [51] weight between one and three based on the Small Semiformal required for planning in software prioritization.
Springer . complexity and possibility of occurrence of Scenario-based design, implementation, and testing. Calculating each path
Research Gate defects; Contributes to improved software weight value is
(Conference) b. Weights of edges: each edge is assigned a quality. time-consuming.

weight based on the number of incoming
dependencies and the number of outgoing
dependencies of its node;

c. Each path (scenario) is assigned a weight that
equals the sum of the weights of its nodes and
edges;

d. The highest-priority scenario is that with the

lowest-weight path.

The criteria are based on the lowest calculated weight
path in a scenario in a single use case.

The validity and reliability
of assigned weights
require further
investigation.
Criteria are not
comprehensive.
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. s Use-Case-Based s Challenges/
Seq (Plzlljgl;glﬁll;ﬂ)r.rarye) Prioritization Criteria/Approach Used in Prioritization Requéli‘;g\ents 1;22:\‘::{{:;‘;;?;} Contributions/Strengths Limitations/
P Reference : Weaknesses
The approach involves the steps listed below:
1. Store use case diagrams as .xml files;
2. Capture data from the primitive use case
diagrams;
3. Generate activity diagrams and store them as Highly dependent on the
xml files; designer’s effort in
4. Generate scenarios from the activity diagrams; capturing scenarios; any
S S Asignwoghtionodes depending on Cotrbutes t oy dervaionor  mSSng scnarcs ead
IEEgE Xplore }i)bilitty f defects; yens scenario tests that aid in validating un%letgcted faults
p poss y ol detects; Formal requirements and reducing failures. : _—
14 Research Gate [50] 6. Assign weights to edges; Medium The impact of assigning
Semarﬁi(c::hé[cholar 7. Calculate the weight of each path based on: Scenario-based Relations between use cases (included in\‘;\;eslt%hatie}cllaf)rn:\‘;;i?tle d
(Conference) a. Actor priority; and extended) are considered in & to date.
b. Customer prioritization of use cases based on prioritization. Criteria do not indicate
importance; whether they are
c Cost; representative or
d. Effort; comprehensive.
e. Time;
Weights are assigned by both customers (based on their
importance) and managers (based on their technical
knowledge).
The technique cannot be
1. Generate a requirement traceability matrix with performetd ft(? 1 functional
respect to use cases. Use case importance is A s mgd' Lis not
defined by the usage frequency of a use case m(t) :13 1510
Google Schol functionality in the form of high-medium-low; Facilitates the testi th Nodl pr"ejsent% ati :
5 Coogle ol g 2 Goeiescinanio forcach e cons amt mormal gt th eting procesy e the - Noclestdentfcation
(Master’s Thesis) 21 Prioritize scerf\ﬁrios §cc01rﬁiing to Scenario-based approaches. No clear prioritization
importance of functionality; criteria are presented. The
22 Generate at least three test cases for criteria “imr;nortance” and
important scenarios. “frequency” are not
comprehensive and require
further elaboration.
Proposed genetic-based algorithm technique that The algorithm is highly
prioritizes test cases based on: time- and
Google Scholar . Frequent usage of use cases by an average user; Assists in selec'tmg test cases'that have e_ffort-cor'lsumllng,.
ACM . Frequency event execution integrated in a Semiformal the highest impact regarding the particularly in designing
16 [55] uence diagram eraph (SDG): Small . perceived reliability of the system. the SDG.
Research Gate sequence diagram graph (SDG); Scenario-based pe ysrem Lo -
(Conference) . The influence of direct/indirect prioritization on Similar advantages to those listed in Prioritization weight is
classes; No. 9. absent in use case relations
. Prioritized test cases. (extend and include) and

actors.
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Seq (PDlg}tal .lerary Prioritization Criteria/Approach Used in Prioritization Requirements Formal{Informal Contributions/Strengths Limitati(gms/
ublication Type) Ref Size Scenario-Based? Weak
eference eaknesses
The evaluation is not
representative enough and
Use cases are prioritized from 1 to 5, where 5 requires fusrtgl;r analytical
Google Scholar zzgzgs:;t;ﬁﬁﬁg?g Sgailélg%;ytvl\v/[: i‘;iltr;?;rtam use Contributes to the derivation of The stakeholders’ criteria
17 Research Gate [58] A . . Medium Informal structured business metadata and are not clearly identified,
ACM - ° Stakeholder personal point of view regarding the Not scenario-based associated requirements that are as they are highly
(Journal) potential business value of use cases; traceable to business needs. dependent on their
. Implementation cost per use case. personal perspectives.
Business value and
implementation cost are
not comprehensive criteria.
Use case prioritization is conducted based on
simulation of subsystems using complex mathematical No use case model was
computations: used for demonstration, as
1. Find accident statistics regarding frequent Use case prioritization and alternative this work falls in the heavy
accident scenarios; flows in a sequence diagram cover all vehicle industry.
18 Google Scholar [27] 2. Identify use cases using complex subsystems, Large Formal possible solutions for large accident Use case relations (‘include’
(Master’s Thesis) including braking, steering, and integrated & Scenario-based scenarios involving trucks that were and ‘extend’) and actors
braking and steering for collision avoidance not considered by previous are not considered in
maneuvers; approaches. prioritization.
3. Generate optimal control results; Domain-dependent
4. Find path stability simulation results. approach.
Prioritization of use cases is considered for each
iteration. The prioritization criteria are:
. Customer-related:
(@] The most relevant use cases in terms of content
and timing from the customer perspective;
. Technically related:
O The most essential early required available use
cases;
O The riskiest use cases that should be verified .
first.  Improved quality of an
. Relevance of implementation and verification increment in a current iteration.
capabilities: Improved quality of requirements
O The most important use cases that should be . suchasaccuracy.
implemented and verified first with respect to Prioritization is enriched with inputs .
19 Google Scholar [43] the current resources. Small Informal from different categories of No use case diagram
BSC Thesis Not scenario-based stakeholders in the use case workshop. shown for demonstration.

Prioritization criteria are applied by the feature team
during the use case workshop:

. Business priority (scale of 1-3, where 1
represents the highest priority) proposed by the
person responsible for the business;

. Technical difficulty: a three-level scale
(low/medium/high) proposed by the
implementation experts;

. Verification impact: a three-level scale
(low/medium/high) proposed by the testers;
. Complexity for customer: a three-level scale

(low/medium/high) proposed by a
representative of the customer team.

The feature team adds a special value.
The generated list of prioritized use
cases provides a common
understanding between different team
member roles.
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Seq Dl [Llrevsy Prioritization Criteria/Approach Used in Prioritization P e oyl el Contributions/Strengths Limitations/
(Publication Type) Reference Size Scenario-Based? Weaknesses
Prioritization is based on the centrality of interactions
in a component-based use case scenario. Prioritization Not automated and fully
is based on two criteria derived from the component . depends on human effort.
Google Scholar interaction graph (CIG): Thc‘le apg:)ro;ch cofntrlbutes tot Customer rol«le, te}ctors, and
. . understanding of componen use case relations are
20 Rlc}eis}i}jri(l}’lj IGO;(:e [52] M Edge degree CteI:ltiahty (EDC): (tihe number of Medium Semiformal interaction and the planning of missing in the
r 2 nodes connected to a givennode; Scenario-based integration, testing, and maintenance. prioritization.
Se(né?)r;tflgrzrcl};g)l ar * Centrality measure (CM) for a scenario in a use The approach is simple and addresses Features in a use case are
case. The most important scenarios are the the feature level. not clearly demonstrated.
frequent interactions that occur in other Criteria are not
scenarios. comprehensive.
Prioritize use cases based on the requirement structure
and importance values through two steps:
In phase 1:
1. Store UML use case diagrams in XML
(extensible mark-up language) files; Relationships between
2. Identify the actors and use cases and map them requirements and use cases
Academia to a directed topological network model; Formal Contributes to a reduction in effort are not considered.
21 Research Gate [65] 3. Find the priority list. The most important use Small N : and time spent on prioritization. Scenarios of use cases are
. . ot scenario-based . .
(Journal) case node is ranked based on a metric that Enriches use-case-related documents. not considered.
measures the mutual influence of nodes and Criteria are not
sorts them in ascending order. comprehensive.
In phase 2:
A requirement analyzer is applied to the nodes with
the same importance value using the ‘analytic
hierarchy process’.
Classify use cases into three categories based on fault
importance. The fault-based prioritization categories
are as follows: U del and it
. . . se case model and its
Google Scholar ® Faults in system funct1(‘)n that are crucial and Contributes to increased quality of a actors, as well as use case
) Research Gate 6] important to end users; . Small Informal system by prioritizing its functions relationships, are not used
Semantic Scholar ® Faults that affect important functions that are Not scenario-based according to fault-prevention for demonstration.
(Journal) either tlmg(‘t))rtinitand rarcizly used or not as importance. Criteria are limited to fault
important but often used; categories.
. Faults in functions that are not important and &
rarely used.
Prioritize use cases based on their consistency and . R
stability according to the following steps: h'C?\nltrlblllzieS to the tgeiperathg o{ }? .
igh-level documentation guide tha ,s
1. Identify the functionalities that are the most gupports the maintenanc%e phase Developers’ involvement
Google Scholar sienificant and stable with the help of the ) . s in prioritization is minimal.
23 Research Gate [48] 8 9 Small Formal Supports consideration of resources in Prioritization criteria
development manager. Create a use case Not scenario-based prioritization for improved Bl o
(Conference) template; significance and stability
npate; stakeholder and resource management. ave not comprehensive
2. Prioritize use cases based on the manpower Requires a complete use case model to p :

relevance level (primary actor, stakeholder, etc.).

generate a solution.




Computers 2023, 12, 136

24 of 32

. . Use-Case-Based s Challenges/
Seq PDtl’gl}tal .lerTary Prioritization Criteria/Approach Used in Prioritization Requél:ements lgormal'llnéormda”l Contributions/Strengths Limitations/
(Publication Type) Reference ize cenario-Based? Weaknesses
No use case model is used
Google Scholar for demonstration.
IEEE Xplore P - : Higher customer satisfaction Use case relations are not
24 Research Gate [31] Prioritize use cases using neuro fuzzy systems with the Large Formal according to the performance on the considered in the
- support of real and artificial datasets. & Not scenario-based g p e
Semantic Scholar real dataset. prioritization.
(Conference) No clear prioritization
criteria are identified.

Prioritize use cases based on the analytic hierarchy

process (AHP) mechanism through the five following

steps:

1. Extract the actor and use case weight data from The approach is described
UC specification; then, calculate use case points as complex a_nd
(UCPs); time-consuming.

2. Find UCP prioritization values and prioritize The n*n matrix requires
requirements using a use-case-oriented rework, as it depends on
requlremeni process; . Contributes to business goals by wi:l}f(;lctacsgnpsri(c)llg firr?eise

3. Create an n*n matrix using a decision process considering them as prioritization ; 8

Google Scholar based on the hierarchical order of use case case relations and actors.
) - A e : Formal factors. . )
» Research Gate [46] attributes: goal, criteria, subcriteria, and Medium Not scenario-based Verification of use case consistency The matrix data are highly
(Journal) alternatives; - . dependent on customer
- ¢ . results in fewer faults than in later . . A .
4. Classify use cases (presented as columns) with activities. questionnaires” in which

respect to common properties (presented as
rows) and perform pairwise comparison
depending on customer scores on
questionnaires (1-9).

5. Apply consistency verification and decide
whether it is acceptable.
6. Prioritize use cases using the n*n matrix and

AHP.

other stakeholders are not
considered.

The use of a pair
comparison approach is
limited to small and
medium systems.
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Customer-experience-based prioritization criteria:
. Reward;
. Innovation;
. Service;
. Facilitation;
. Information and decision making.
. Use case prioritization criteria:
. Customer experience future state vision:
O Existing pain points;
O Behavioral preferences; No use case design model
O Empowering customer opportunities. used for demonstration,
. Empathy: only providing a
O I\gVor thin$ss; | The approach contributes to a d]: scription of how to
O riction level; s 1k . enhance user experience.
26 Google Scholar [35] o Privacy concern. Not mentioned Informal rethmkm%;fct;\;tivs(i)kglf(i)‘?e()f the use All defined criteria are
(Technical Report) N Replacing behavior: Not scenario-based digital-marketing-driven theoretical where actors
O Pleasure; & charact erist%cs and use case relations are
O Usability; . not considered in
O Interaction and learnability. prioritization.
. Platform: The approach has not yet
O Types of sensors required; been evaluated.
O Leveraged or proprietary sensors;
O Time;
O Location;
O Psychographics:
O >Behavioral preferences.
. Business:
O Business objectives;
O Gap analysis and new investment.
Systematic prioritization is applied to use case
scenarios using:
Four set-based similarity measure functions:
. Counting function (CNT);
. Jaccard index (JAC); .
Google Scholar . Gower-Legendre (GOW); No use case model is used
Research Gate . Sokal-Sneath (SOK). ) for demonstration.
27 ACM [37] Scenario-based similarity measure functions: Large Semiformal Costeffective in testing. The set- and
Springer i ty : Scenario-based Solves the optimization problem. _ scenario-based
(Conference) . Normalized Longest Common Subsequence prioritization criteria are
(NLCS); difficult to understand.
. Levenshtein distance (LEV);
. Global alignment and Needleman-Wunsch
(NW);

. Local alignment and Smith-Waterman (SW).
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Prioritization
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Digital Library

e (Publication Type)

Criteria/Approach Used in Prioritization

Requirements
Size

Formal/Informal
Scenario-Based?

Contributions/Strengths

Challenges/
Limitations/
Weaknesses

IEEE
28 Research Gate [54]
(Conference)

Estimate the actor weight in each use case.
Based on the use case points (UCPs), the
estimated weights can be:

1 for simple;
2 for average;
3 for complex.

Estimate a use case weight based on the number
of transactions within the use case.

If the number of transactions <3, then the UC
weight is simple;

If the number of transactions is 4-7, then the UC
weight is average;

If the number of transactions >8, then the UC
weight is complex.

Calculate the “unadjusted use case points’ (UCP)
using an actor and use case weights;

Determine the technical complexity factor of the
entire system that ranges between no effects (0)
and large effects (5) on the entire system;

Apply an environmental factor weight based on
the UCP classification;

Compare and rank the extracted UCPs for
UCP-based prioritization.

The following criteria are used in prioritization: actor
weight, use case weight, unadjusted use case point,
technical complexity factor, and environmental factor.

Medium

Semiformal
Not scenario-based

Improved estimation of UCP by
prioritized use cases for more accurate
results.

Use case model and relationships are
considered in prioritization.

The UCP does not consider
use case specification.
Criteria are still not
comprehensive.

Google )
» (Website—Blog) [34]

A data-driven approach to prioritize use cases
based on high business value, documenting
them in a use case grid that includes data
sources, functionalities, technology, and other
organizational aspects;

Medium

Informal
Not scenario-based

Sets up “systems of innovation” and
supports organizations for explorative
data analysis.

Time-consuming.

No use case model used
for demonstration.
Actors and relations
between use cases are not
considered in the
prioritization grid.
Criteria are not clearly
identified.
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ublication Type) Reference Size Scenario-Based? Weaknesses

1 Find the basic and alternative paths in scenarios;

2. Design the activity diagram and extract the
control flow graph (CFG) and the independent
paths; Applying this approach is

3. Find the complexity of each path: tirr}?gc);)nsgumingp §specially

Google ° Use the information complexity of each node to Contributes to a reduction in the time when accommodating
30 Research Gate 14 weight each path; . Medi Semiformal and cost of test-suite execution. St Et}ﬁeﬁgMP mc;dels.
Springer (4 ° Determine the path complexity; edium Scenario-based Facilitates planning and management ake Ot lers 1pri1 gretrlklc s
(Book) . Ider}tlfy node coverage by each path; in use-case-centric development. are not involved in the

. Indicate the decision node coverage of each path; weight calculations.

. Each path is weighted based on the weights Criteria are not
assigned to the edges traversed by the path, comprehensive.
considering the type of coupling between nodes
connecting the edges.;

. Generate the total weight of each path.

. Extract a company’s business model for small to A%?gé“ég;ﬁ;?fggf; 1$
medium-sized enterprises; ~CC ,

. Specify business idegs at different levels of detail; Constra}ned by experts

. Translate and specify business ideas into points of view.

Google Scholar concrete scenarios or use cases in UML; Inf ! Inf _ . di ; The gsfe ca:jse model is not
31 Research Gate [39] ° Cluster each use case activity that helps in Large scale N n ormab d n ormg imp emgqtatlon readiness for usz or erélonstrahon.
(Journal) ﬁnding the right Expirts fora focuse(% . ot scenario-base: usiness-driven projects. relcatggsn 2&})1;5; eczs;
implementation based on experts’ validation N .
decisions; considered in the approach.
. Identify, prioritize, and evaluate use cases with Implementation benefits
respect to implementation benefits and costs. and costs criteria are not
comprehensive.
No use case model is
Google Scholar . User stories are prioritized from a to-be process Bridges the gap between business dgifg%gfifgn
f model based on an as-is interaction diagram; goals, processes, and systems, as user . :
32 Springer [66] Medium Informal stories are linked to goals and used as Relations between user
Research Gate . Centric roles in the process are held by Not scenario-based goals and us¢ stories are not considered
. - D part of other related prioritization : S
(Book) stakeholders identified for prioritization. in the prioritization.

project activities.

Prioritization criteria are
not well-defined.
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Seq Dlg}tal .lerary Prioritization Criteria/Approach Used in Prioritization Requirements Formal{Informal Contributions/Strengths Limitations/
(Publication Type) Size Scenario-Based?
Reference Weaknesses
Use cases are prioritized with respect to database Complex approach.
criteria: A large number of
. Timing requirement; Provides information about data prlonhzetcilluse ca}s1es énlghtt
. Response time; diagnostics, scaling processes, and 1?crease 1€ overhea cgs
° Data storage; knowledge generation acceleration of computing power nodes.
. Benefit : Definitions of the
enefit. during the early phases of prototype requirements and the
Google Scholar Use cases are prioritized with respect to the strategic 1 development. qf‘ f each
33 Research Gate Elsevier [28] iteri lied usi 1 i h based on: Large Forma Assists in determining the cost to benefits of each use case
criteria applied using a clustering approach based on: 8 Not scenario-based A 8 . are limited to knowledge
(Conference) Benefit: implement each use case and their d :
. - omain experts.
Reduction i Kload: associated benefits. A use case model is not
o eduction in workload; The output of the approach aids in .
@) Financial benefits. 1 : . used for demonstration.
- planning the construction of IT
O Cost/effort: 2 Actors and use case
e infrastructure. .
O Initial cost; relations are not
O Running cost. considered in the
prioritization.
. The work demonstrates the role of a
The approach is as follows: use case model and scenarios in
Google Scholar 1. Elicit user preferences in a textual description mobile application development. Lack of clear criteria for
Springer using personas: The interaction model of use case prioritization of use cases.
¢ g P S; Informal . - N ;
34 Academia.edu [44] 2. Specify scenarios; Small Scenario-based scenarios contributes to the Prioritization highly
Research Gate 3. Identify use cases; understanding mobile development. depends on the Scrum
Semantic Scholar 4. Develop a use case diagram; The approach requires input from stakeholder domain
(Journal) 5. Prioritize use cases. different classes of stakeholders, as experts.
Scrum involves heavy communication
between stakeholders.
The use case relations are
not mentioned explicitly in
Analytic hierarchy process (AHP) applied to evaluate the approach.
the use cases for the development of mobile apps that The model has only been
meet users’ needs. Simple approach applied to to-do list apps.
L . . . The criteria are indicated
1. Compute the relative importance weights of the Contributes to the developmenta tool /= "0 2 that
Google Scholar use cases and rank them into nine ranks based to determine the ?mport;lnce of the Y is nogt)well-defined.
35 Research Gate [56] on sta_kehol.der preferences obtamed througha Small Formal ég%lsliléeergﬁntigelrmg:fleieii Ie): The approach is limited
Springer . questionnaire, where a score of nine corresponds Not scenario-based & P - and not scalable.
to the highest level of importance; The approach is stakeholder-centric .
(Journal) 8 ot imp! 2 d b h I : Needs further evaluation
2. Aggregate the relative importance weight values and contributes to the optimization o with a higher number of
by calculating the mean of individual scores of the value of the product, development use cases.
evaluators. The value should range from 0 to time, and project costs. A large number of
100. evaluators with small use
cases may lead to
disagreement and complex
communication.
The approach is complex.
Prioritization is mathematically performed to identify Supports optimal prioritization of data Use case actors and
Google Scholar the optimal combination for each use case by analytics-based use cases for relations are not
o large-scale manufacturing during the considered in
Research Gate calculating: Formal : ]
36 : [29] Large . planning and development phases. demonstrating the
Elsevier . Expected cost: Not scenario-based I P L
p » The approach is 28% more prioritization.
(Conference) . Expected benefit.

cost-effective than other existing
approaches.

Cost and benefit criteria
are not sufficiently
comprehensive.
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yP Reference ) Weaknesses
"fl”hits prioritization approach is based on the following No use case model used
actors: for demonstration.
° Financial; The use case concept helped the oil Use case actors and
37 Google Scholar [60] . Failure; Large Informal and gas industry to investigate relations are not
(Conference) ° Implementation of digital technology; & Not scenario-based technologies that can be applied to oil considered in the
. Adaptability; and gas challenges. prioritization.
. Culture. Prioritization criteria are
not well-defined.
This technique combines two approaches:
. Ideation of use cases (top-down): identify and
formulate potentially beneficial use cases; Contrib identifving hidd
. Identification of data-driven use cases ontributes d’to ! erl1t1 ying hl en Prioritization criteria are
bottom-up): patterns and correlations that are biecti d
Google Scholar (bo N Informal necessary for organizations to create ™ Vzlizcliigifai;\eant
38 White paper [30] 1. Urﬁdfrstand the datf: udsed_ in C’{I}e strat‘ﬁagy .and Large Not scenario-based new g)}:gg;tur};ﬁlsfi; g;sd 1;2581‘;)5\; their Prioritization highly
what use cases can be derived from them, - ] S pros : depends on the analyst’s
2. Prioritize use cases using a scoring model based Contributes to reductions in costs and : d skill
on potentials and limitations. the failure rate. experience and skilis.
3. Prioritized use cases are employed in an
analytics strategy.
A complex mathematical
approach is applied.
None of the stakeholders
are involved in
prioritization, which may
Google Scholar S . . o Supports test cases prioritization in the lead to missing
Research Gate The prioritization approach is applied by classifying Formal incremental testing of product lines. information, as they are
39 . [38] use cases as essential or optional according to their Large . .
Semantic Scholar variability relation Scenario-based Use case model, actors, and use cases the source of requirements
(Journal) y . are all considered in prioritization. and use cases.
Prioritization criteria are
essential or optional based
on variability, which is not
a sufficiently
representative criterion.
A use-case-based Al road map that involves two
criteria (complexity of implementation and busmegsl Various stakeholders are involved in
benefits) to identify the four prioritization categories: .
the proposed framework that enriches
. Must-do use cases: required for a business base; prioritization of the use case. No use case diagram is
. Can-do use cases: a use case is addressed as an The approach contributes to: used for demonstration.
opportunity; ificati i Actors and use case
. Case by case: a use case can be addressed, d Ii??l??iiig?gI(r)lfzi;lligtcasslfcscglsti}:)i relations are not
40 Google Scholar [59] although better results are achieved with Al Small Informal q ; considered in the

(Master’s Dissertation)

Need-to-do use cases: a use case is required to
address competitiveness.

Stakeholders involved in prioritization include:
Business stakeholders;

IT service consultants;

Principal consultants of global IT service
companies.

Not scenario-based

in transforming small business
to moderate business through Al

criteria.

. Identifying process standards
during evolution;

. Increasing technical flexibility.

prioritization.
Lack of measurable AI
criteria for prioritization of
use cases.
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