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Abstract—The early phase of Agile Software Development
(ASD) methods is Requirement Engineering (RE). Quality
Requirement (QR) is a type of RE that needs to be captured at the
initial development phase to reduce rework, time, and
maintenance costs. However, QR is one of the issues mentioned in
ASD, namely the need for more capability to elicit, analyze,
document, and manage QR. Therefore, this research aims to
propose a framework for capturing QR to address QR issues in
ASD by integrating RE elements, namely the RE phases,
Documentation, Roles, and RE techniques. This research was
conducted in four phases: 1) undertaking a theoretical study, 2)
conducting an exploratory study to identify the current practices
and issues to capture QR in ASD, 3) constructing the framework
by using the RE elements, and 4) evaluating the framework by
conducting ASD practitioners’ view using questionnaires. The
questionnaires were then analyzed using descriptive statistics
based on the average mean of each element. The result shows the
average mean for all elements (4.25), the average mean of each
element for the RE phases (4.36), the documentations (4.11), the
roles (4.25), and the RE techniques (4.18). The mean distribution
of each element is more than 4 out of 5 indicating that the
framework to capture QR is verified. Thus, this framework can be
used by ASD practitioners as a guideline to capture QR in ASD
methods.

Keywords—Quality requirement; requirement engineering;
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I.  INTRODUCTION

In recent years, software practitioners have used many
software development methods. Each software development
method has its advantages and disadvantages. For example,
traditional software development methods are suitable for
requirements that are clearly defined from the initial phase of the
Software Development Life Cycle (SDLC) [1]. However, these
methods have several issues to be aware of, namely limitations
in accommodating requirement change during development,
lack of interaction with customer, and the client only seeing the
product at the end of the project [2]. These issues are covered by
Agile Software Development (ASD) methods [2-4].

ASD is a popular software development method widely used
in today's business industry [5-8]. ASD methods have
advantages in producing software products faster to markets,
being flexible to changing requirements, and increasing
customer collaboration [9-10]. In addition, based on the Agile
annual report [11], ASD increases collaboration, facilitated

teamwork, provided better alignment for business needs, better
work environment, and better visibility capabilities in
application development.

Requirement Engineering (RE) is the early stage of the
Software Development Process, including ASD. It has two types
of requirements, namely Functional Requirements (FR) and
Quality Requirements (QR), also known as Non-Functional
Requirements (NFR). QR presents the quality of the software
product. However, the tendency to ignore QR, the product
quality can be negatively impacted and even cause software
product failure [9-11]. Therefore, it is important to capture QR
early in the RE phase of the ASD to reduce time, rework, and
maintenance cost.

ASD practitioners also realize the importance of
documenting QR [15]. It can help with easy analyses and
traceability, gives a ready-to-use template, and eases
communication among ASD stakeholders. Roles are people who
possess responsibilities for every process in software
development. Assigning roles with their expertise helps
managing QR and making the QR list consistent and
unambiguous [16]. Selecting proper techniques for each RE
phase is also important to ensure the phase is well-conducted
and reduce the complexity of capturing QR.

ASD has issues in terms of lack of capability to handle QR
[9,14-18]. For instance, eliciting and analyzing QR challenges,
limited techniques for eliciting, modeling, and linking QRs with
functional requirements, and inadequate user stories for
specifying QR [12]. The other issues are the lack of QR
documentation [9,17], and no explicit practice for QR [21].
Additionally, it also lacks ASD capabilities in managing QR
through ASD artifacts, namely user stories, prioritizing
functional requirements (FR), and the tendency to ignore QR
[19-22]. Based on these previous issues, practitioners realize the
importance of capturing QR early in the context of ASD [25]. It
is also important for capturing QR systematically, which offers
how to capture and validate QR [15,23,24,27]. It is also
supported by the result of a survey conducted by Lopez et al.
[28] reporting that 50% of practitioners follow QR processes in
a systematic, well-defined, or ad-hoc process. It can reduce the
complexity of managing QR in ASD and improve product
quality and customer satisfaction.

Based on literature studies conducted in this research,
identified issues related to capture QR in ASD methods can be
solved by implementing approaches, frameworks, and
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guidelines for QR in ASD. Furthermore, several studies have
been conducted to capture QR. The QR elicitation guideline
proposed by Younas et al. [29] was implemented to tackle QR
in ASD methods at the elicitation phase by using several pieces
of documentations, namely the QR glossary, historical data, and
checklist table between FR and QR. It also involved the
developer team, experts, and customers. A study by Younas et
al. [30] proposed the Elicitation of Non-Functional
Requirements in ASD using a Cloud Computing Environment.
This methodology also involves the same RE phase. The
documentations used were project history, template for NFR by
Kopczy and system type. Then, the roles involved developer
team, customers, and experts. According to Jarzgbowicz et al.
[31] proposed elicitation practices to capture QR in ASD. The
roles involved developer team, customers, products owners, and
experts. Another study by Behutiye et al. [32] proposed the QR
documentation guideline within ASD. In this guideline, they
only proposed documentation for QR. Then, Alhaizaey et al.
[33] proposed a framework for Reviewing and Improving Non-
Functional Requirements in ASD-based Requirements. This
framework was implemented at the elicitation, analysis, and
validation phase. The documentations used were FR user story,
identified NFR, NFR bibliographic source, glossary and
standards, and NFR description. It also involved the developer
team and customers. Finally, Sherif et al. [24] proposed a
framework to manage NFR in ASD. It was implemented at the
elicitation, analysis, documentation, and validation phase. The
documentations used were FR wuser story, checklist-based
reading template, system type, domain type, project history,
mapping sheet between QR, and QR user story. It also involved
the developer team, product owners, and customers.

There are still several gaps in proposed previous solutions to
capture QR. It shows that three [29] of six of the previous works
implemented to capture QR in the elicitation phase only.
However, based on the earlier discussion, it is important to
capture the QR to construct the RE phase element by using
complete phases, namely elicitation, analysis, documentation,
and validation, to produce QR properly. Then, the
documentation used in the previous study only focuses on partial
documentation for each RE phase [33]. Additionally, several
studies did not use a software quality model or standard as a
reference to identify the QR [24]. However, it is needed because
the quality model or standard has the metrics to measure the QR.
It can be used to make sure the QR is measurable. One study
focuses on QR documentation only [32]. It should need
comprehensive  documentation by  constructing  the
documentation for each RE phase to give an easy analysis and
get a clear QR list.

The other element is the roles involved. Several previous
studies report that the roles did not focus on their expertise and
involved the roles needed related to each RE phase [24,33]. The
roles should be constructed to be suitable for their expertise and
responsibility. As a result, it gives an impact on the process of
capturing QR more effectively. In addition, several studies do
not mention the RE technique used clearly for each RE phase
[29, 31]. Furthermore, it also needs to define the RE technique
that will be used in implementing the RE phase systematically.

This paper presents research focuses on addressing three
issues according to the gap findings, namely (i) lack of clarity
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on which the Requirement Engineering phase and the techniques
used of the capture QR should be implemented, (ii) lack of
documentation of QR, and (iii) the inadequate ability of user
stories to capture QR by involving roles to address QR
effectively. Based on these three issues, the following Research
Questions (RQs) are formed. They are RQ1: how to determine
the RE elements and each component in ASD methods, RQ2:
how to design the framework for capturing QR using the
elements and components of RQ1 and RQ3: how to evaluate the
QR framework by using practitioner reviews. Thus, the
objectives of this research are as follows: (i) to determine the RE
elements and each component in the ASD method, (ii) to design
a framework for capturing QR, and (iii) to evaluate the QR
framework by using practitioner reviews.

The research significantly contributes to the body of
knowledge in the field of Software Engineering, particularly in
Requirement Engineering, on how QR is being addressed,
captured, and documented in an ASD environment. Moreover,
ASD practitioners can use this proposed framework as one of
the best practices and guidelines for handling QR in an ASD
environment, and the Stakeholders in an ASD environment can
gain QR status transparency and track the QR. Then, it
systematically captures the QR to reduce the complexity of
managing QR in ASD, improve product quality, and finally
improve customers’ satisfaction.

This paper is outlined as follows: Section Il presents an
overview of related work and the gaps in previous work, Section
Il presents the research methodology, including theoretical
study, exploratory study, framework design, and framework
evaluation, Section 1V explains the experimental results and
analysis, and Section V presents the conclusion and future work.

Il. RELATED WORK

Quality Requirement (QR) is one of the RE types and is an
important artifact that plays a crucial role in software project
success [34, 35]. It can lead to increased costs or longer time-to-
market due to the failure to meet QR needs properly [25,26].
Many software quality standards can be adopted in QR for
software development. In the 1970s and 1980s, the authors in
[36,37] proposed their own QR taxonomies. The ISO/IEC 25010
standard is the most widespread method of defining,
categorizing, and managing QR. This standard is widely adopted
in today's industry. It has nine quality categories, namely
functional suitability, performance efficiency, compatibility,
interaction capability, reliability, security, maintainability,
flexibility, and safety [38]. Numerous recent studies have
conducted extensive reviews on QR in the Requirement
Engineering in ASD methods [13]. A study in [29], Younas et
al. proposed activities of NFR Elicit guideline as depicted in
Fig. 1.

According to Fig. 1, the first phase is the preliminary
requirement to collect FRs that have been identified. The next
step is to identify the software type and then to identify the QR
from Glossary. It involves the historical data to make predictions
about new QR. This elicitation guideline encompasses experts’
involvement. This process ends when the experts and users
finalize it. This guideline also uses a checklist table between FR
and QR to manage changing requirements. In contrast, the
limitation of this guideline is the mapping between FR and QR,
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which is done at the end of the process, for it can take time if
there is a change, and the process should be repeated from the
beginning. The other limitation is that there is no mapping
between QRs to check conflict between them. Then, this
guideline is only implemented in the elicitation phase, and there
is no clear explanation of how to finalize the QR list between the
experts and the users.

Prelimmary
requirements

Identification of
software context

N

Select expert [

Idenufy NFR type
through slossory

Finalize Candidate Issue
with expert < NFRs i Identifications
NO YES Finalize NO
with user
YES

Ready for

. further process

Fig. 1. QR elicitation guideline [29].

Similarly, in a study [30], Younas et al. proposed the
Elicitation of Non-Functional Requirements in ASD using a
Cloud Computing Environment. This proposed methodology is
a continuation of their previous research on the QR elicitation
guideline [29] as described in Fig. 2. From Fig. 2, it can be seen
the differences of this present study from previous studies are
the use of Natural Language Processing (NLP) for QR extraction
in the elicitation phase and cloud computing tools for sharing
data and communication. However, this methodology has no
link between QR to check the conflict, and it is only
implemented in the elicitation phase.

Jarzebowicz et al. [31], discussed elicitation practices to
capture QR in ASD. The methodologies used in their study were
a systematic literature review (SLR) and interviews with ten
ASD practitioners. Based on their findings in the SLR study,
techniques for elicitation include Customer-Developer
meetings, Brainstorming, QR document circulation between
Product Owner and QR Stakeholders (e.g., experts), QR catalog,
and on the basis of Business Process Models are popular in
several studies. The other findings based on interviews with
ASD practitioners summarize that ASD practitioners mention
that the presence of an analyst role contributes to more thorough
QR elicitation. Then, for sources of requirements, several ASD
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practitioners argue that the Product Owners are capable of
giving opinions on QR. In other cases, multiple stakeholders can
consider eliciting requirements from their point of view,
including other IT systems and document standards. The other
sources are software developers and technical experts who will
provide inputs based on their expertise. Then, the techniques
used for QR elicitation are interviews, and workshops (including
brainstorming and other kinds of group work) that are
commonly used.

There are efforts to capture QR using the current practice.
For instance, the elicit QR is non-verifiable and non-measurable,
and not all QR needed in the software development is detected.
For example, usability is recognized, but others still need to be
defined. Therefore, based on the ASD practitioner's view, they
state that it needs an active approach and guidance for all ASD
stakeholders.

Another study done by Behutiye et al. [32] proposed the QR
documentation guideline within ASD. This guideline, known as
ASD QR-Doc, offers 12 recommendations to facilitate the
documentation of QR in ASD. The guideline was validated by
ASD professionals. They consider the ASD QR-Doc guideline
to be straightforward for use in ASD, helpful in the early process
and documentation of QR, and not obstructive to the ASD
process. However, the guideline is only validated by
practitioners, and this guideline needs to be clearly defined when
QR is documented in the RE phase.

ADCC Services
Google Does, Drobox, Team
Foundation Server, Pivot Tracker

- ar_| Step 1
. Collect Preliminary
Requirements — requirements
from user

Step 3

Step 2

Identify NFR using
Extraction Approach

Identification of
software context

Step 4

Step 5

Identify NFR using

Consult expert
glossary

NO

Finalize
ith expe

YES

Step T Step 6

Candidate Issue
NFRs nll Identifications

Ready for
further process

Fig. 2. QR elicitation methodology using cloud computing [30].

Alhaizaey et al. [33] proposed a framework for Reviewing
and Improving Non-Functional Requirements in ASD-based
Requirements. It uses NLP and Artificial Intelligence (Al)
techniques to automate analyzing QR from user stories. Then,
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the artifact from this phase is reviewed and inspected for
improving the QR. Three artifacts are produced from the
previous phase, namely the processed user story, the identified
QR, if any, and the description of the QR. The last phase is
improving the requirements using four activities, namely
rewriting a user story, rewriting [means] part of the user story,
including QR as an Acceptance Criteria (AC), and including QR
as a Definition of Done (DoD), as depicted in Fig. 3. However,
this framework needs to explain how the documentation phase
is conducted. It also only involves the developer team and clients
to finalize the QR and needs to involve experts in validating the
QR list.

Finally, Sherif et al. [24] proposed a framework to manage
NFR in ASD called MANOR, which stands for Managing Agile
Non-Functional Requirements. It provides two main stages and
five main components. The stages are pre-analysis and post-
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analysis, and the components support various critical functions
within requirements engineering, encompassing requirements
elicitation, analysis, documentation, and validation. The main
steps of the MANOR framework are depicted in Fig. 4. There are
four areas for improvement and limitations associated with this
approach. Firstly, there is no Quality Model from the glossary
that can be used as a source to recommend QR. The quality
model, particularly 1ISO 25010, has an advantage. For instance,
it has the metrics to measure the QR lists. Secondly, the expert
is not involved in the QR elicitation process, which can help
identify QR more effectively. Thirdly, there is no mapping
between FR and NFR during the QR analysis process to check
for inconsistency. There is also no documentation of QR
decisions that will help track them. Fourthly, the validation
technique (reading technique) should be mentioned, and QR is
only validated by the clients or customers.
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Fig. 3. Framework for elicitation, analysis, and reviewing QR [33].
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In summary, based on related studies discussed, the solutions
focus on capturing QR in ASD from different points of view,
namely frameworks, approaches, models, and guidelines as
previously mentioned. According to the gaps identified in
related work, therefore, this research proposes a framework for
capturing the QR by integrating the RE elements in ASD
methods comprising 1) the RE phase, 2) documentation, 3) the
roles involved, and 4) the RE technique.

I1l. METHODOLOGY

Fig. 5 shows that the research methodology consists of four
phases. The first phase is theoretical study, the second phase is
exploratory study, the third phase is framework design, and the
fourth phase is framework evaluation. Each phase has key
activities and outputs of the activities.

Start _/)
Phase 1. Theoretical Study

[

Phase 2. Exploratory Study

[

Phase 3. Framework
Design

Phase 4. Framework
Ewvaluation

End
N

Fig. 5. Research methodology.

A. Theoretical Study

The first phase was conducted by reviewing the literature to
explore the concept related to the study, current practices, and
issues to capture QR in ASD, identifying the element
constructed in the framework, and finding the gap by analyzing
the related work in ASD from various sources like journals,
conferences, books, and other sources. Then, based on the gap
finding from existing related work, this study proposes a new
solution for the elements and the components to construct for
capturing QR in ASD. The outputs of this phase are a clear
explanation of current practices and the issues of capturing QR
in ASD. It also gets the elements and the components
constructed in the framework.

B. Exploratory Study

The second phase was conducted by doing a qualitative
study by interviewing ASD practitioners with a small number of
respondents to get detailed information about their opinions
[39]. The interview aims to explore current practices to capture
QR in the ASD industry and the issues based on practitioners’
views. The exploratory study was conducted by an online
interview involving 30 ASD practitioners. The summary of
current practices when capturing QR in ASD is categorized into
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three phases, namely RE phase, during development, and during
product release to market or customers.

The result percentage indicates that the QR is identified
majority during development and release to market is 33.33%.
Then, during the RE phase and development is 26.67%, during
development is 20%, in RE phase is 10%, and product release to
market is 10%. The other findings are that QR is identified the
majority during development is 80%. Then, during product
release to market is 43.33%, and during the RE phase is 36.67%.
On the other hand, it also shows the weaknesses of current
practice in capturing QR based on interview findings, namely:

o Identified QR in the RE phase: More time is needed in
the planning phase. Therefore, it takes time to start the
development process. Only the developer team was
involved in identifying the QR in the RE phase.
Sometimes, people need to be made aware of QR.
Consequently, they should have added one more task for
improvement, but it took time.

o Identified QR during development: It needs more
rework, cost, and time to adjust the QR because it
changes most in software architecture, namely in design
and code, adding a new story to fix the bug in Product
Backlog. It is challenging to identify QR during
development because the document is not updated based
on requirement changes. Sometimes, the QR is ignored
because there is no QR documentation. It can change the
project timeline, and the workload also increases a lot.

o |dentified QR after release to market or customers: It
needs more rework because it changes most in software
architecture, namely in design and code. The application
appearing on the device does not meet the user's
requirements. It needs more time, it can change the
project timeline, product backlog items increase, and the
workload also increases a lot.

C. Framework Design

The third phase is to construct the framework based on a
theoretical study and exploratory study findings. The theoretical
study is based on the literature review, and the exploratory study
is based on interviews with ASD practitioners. The output of this
phase is the proposed framework for capturing QR by
integrating the RE element in ASD based on studying the
existing model gaps outlined in related work. It preserves the
strengths of these existing models and tries to overcome their
limitations. It also constructs various aspects for comprehensive

QR.

This present study argues that it is important to capture QR
by implementing in the RE phases as the foundation of the
software lifecycle, which are elicitation, analysis,
documentation, and validation [24]. The QR was identified
during an initial iteration of Agile Software Development and
then refined in further iteration [36,37]. The authors in [31] also
found that early identification of QR at the beginning of a
software project is better. It also supports an exploratory study;
if QR were defined during the RE phase, it would not require
much effort for future tasks. When QR is identified early, it can
help to produce QR properly, help to identify project effort, cost,
and size, and reduce rework.
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The documentation/artifact should need comprehensive
documentation, usefulness, relevance, and understandability for
supporting QR documentation and its impact on ASD practice
[32]. The ASD manifesto focuses on the development of
working software over comprehensive documentation [42].
However, a lack of QR documentation can cause
misinterpretation and rework [31]. It also supports an
exploratory study, which makes it challenging to identify QR
during development because the document was not updated
based on requirement changes, and sometimes the QR is ignored
because there is no QR documentation. Therefore, it is important
to include documentation as the element to capture QR.
Constructing the documentation for each RE phase can give easy
analysis, clear tasks, traceability, clear documentation, and well-
documented QR [16]. It can help communication among ASD
Stakeholders.

The other element is the roles involved. In several previous
studies reviewed, it was found that the roles need to include
capturing QR to focus on their expertise [31]. The roles for each
RE phase need to be constructed in a way that is suitable for their
expertise and responsibility [32]. It also supports an exploratory
study result, because only the developer team is involved in
identifying the QR, sometimes people are not aware of the QR.
Consequently, they should have added one more task for
improvement, which took more time. Furthermore, it is
important to involve roles with their expertise for each RE phase
because it can impact the process of capturing QR more
effectively. According to Aljallabi et al. [16] stated that it also
provides proper QR results with more reliable results due to
invented different points of view.

It also needs to define the RE technique that is used to
capture QR, which is in line with ASD practice on direct
communication [31]. RE techniques were needed to conduct the
RE phase systematically by the team [1]. If we can choose the
right techniques, it can be produced and conducted to capture
QR more effectively and clearly. It also helps to capture the
impact of change of requirement, which is understandable by all
stakeholders, and check for errors and inconsistencies.
Therefore, this research proposes a framework to integrate the
RE elements, namely, 1) the RE phase,
2) documentation/artifact, 3) the roles involved, and 4) the RE
technique. These four elements are needed to capture QR in
ASD. The following sub-sections define the RE element and its
relation to the component of each element.

1) Constructing RE phase element: The RE phase was
constructed by using the four-phase component of RE as the
first element, namely elicitation, analysis, documentation, and
validation [1]. It is important to capture QR by using complete
phases to produce QR properly [24]. It is also supported by a
study [33], who argue that validating the QR is a crucial
requirement process as the last phase of RE. Therefore, it
should be conducted in all phases of RE to capture the QR.

The elicitation phase is the first phase of RE that aims to
understand the tasks performed by stakeholders and how a new
system could support their tasks [1]. This phase is the foundation
of project success and aims to explain QR to the stakeholders.
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This session also determines the QR based on the element used.
The output of this phase is the list of elicit QR. The second phase
is the analysis phase aiming to find consistency between FR and
QR [16]. Itis also to make sure there is no conflict between QRs
[24].

The purpose of the documentation phase as the third phase
is to write down software requirements into a Software
Requirements Specification (SRS) document [1]. It can be used
to document user requirements and system requirements,
namely the FR and QR in the user story written in the product
backlog. It can also be used to document the decision on the QR.
The last phase is the validation phase, which aims to check the
requirements meet the customers’ expectations [1]. The
checking process consists of a validity check, consistency check,
completeness check, realism check, and verifiability check. It is
also to ensure that the QR list is clearly defined, that there is no
error interpretation, to check areas where clarification may be
required, and that there is no missing information. According to
Sherif et al. [24], this phase also aims to reach an agreement
among stakeholders regarding QR on the same view for the
software being developed.

2) Constructing QR documentation element: The
documentation element used in this framework can provide a
ready-to-use template for easy analysis and traceability. It was
constructed at each RE phase by integrating documentation
components as a reference for capturing the QR. QR should be
documented along with FR [43].

System-type document in elicitation helps users identify
relevant QR based on different types of systems [40,41].
Domain-type document in elicitation helps users identify
relevant QR based on various application domains [44]. 1SO
25010 Quality Model in elicitation has advantages, namely
providing a more detailed QR and metrics on how to measure
the QR [29,30]. Project history document in elicitation is useful
to define the QR for the next project based on historical data.
[24]. A mapping sheet between FR and QR document is used in
the analysis to check the consistency between FR and QR [16].
A mapping sheet between QR document is used in the analysis
to check the conflict between QRs [24].

In this research, a separate user story is used to document
QR, which consists of the FR user story and the QR user story.
This helps to manage QR during the development process, for
example, during the sprint [45]. The functional user story in the
documentation aims to document functional requirements in
ASD. QR user story in documentation to document the Quality
Requirements list in ASD. QR decision in documentation as a
history to decide the QR [32]. According to Sabaliauskaite et al.
[46] Checklist-based reading document in validation is used to
check the properties of documents and what problems or defects
should be identified based on the list of questions.

3) Constructing the involvement of roles element: The roles
constructed into the element of assigning roles with their
expertise are helpful for managing QR and making the QR list
consistent and unambiguous. Then, different points of view for
the validation phase are involved in working together to
produce QR, which results in more reliability and
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understanding for all stakeholders. It is constructed at each RE
phase by integrating role components to capture the QR.

The developer team in elicitation is a person who
understands the technical side related to QR that is elicited and
is responsible for finishing the QR item in the product backlog
[24]. Customers in elicitation are the stakeholders who own the
system and need to be explained about QR, which is elicited
[29]. An expert in elicitation helps elicit the QR; that is, someone
who has more knowledge of QR and is concerned with the
fulfillment of QR [29]. The Product Owner in elicitation has the
responsibility of managing and optimizing the product backlog
to ensure the product value is maximized which aligns with the
FR and QR that should be elicited [47]. According to
Jarzgbowicz et al. [31] QR.

The developer team, in analysis as a technical side, defines
consistency and conflict in the mapping sheet according to a
clear justification based on the developer’s knowledge [16]. The
developer team in documentation manages the document if there
is a change in these documents. The developer team in validation
is a technical team that finishes the QR in the Product Backlog
and ensures the QR can be tested. The expert in validation can
help refine the QR and interdependencies among QRs and
validate the QR. The customer is also involved in validation to
make sure the QR list is understandable to the customer. The
Product Owner, in validation, ensures the QR list is valid and
included in the Product Backlog.
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4) Constructing the RE technique element: The RE
technique presents how the RE phase was conducted. It was
constructed at each RE phase by integrating the components of
the RE techniques to capture the QR. The Interview and
Brainstorming techniques in elicitation are commonly used and
popular techniques in the elicitation phase [31]. The interview
aims to discover information and to understand the system to
be developed based on asking questions to the stakeholders [1].
Additionally, a study [48] stated that Brainstorming aims to
gather information in many creative ways by conducting work
group meetings involving roles.

The interaction matrix technique is used in the analysis of
two-dimensional requirements to assess the inconsistency
between FR vs. QR and the conflict between QR where each
requirement is compared to the other [49]. The Structured
Natural Language technique in documentation is the
documentation technique for writing the FR and QR using
natural language on a standard form or template where each field
provides information on the requirements [1]. The checklist-
based reading (CBR) technique in validation aims to detect
defects in the requirements based on a list of questions [49].

There are four major elements constructed in the proposed
framework to capture QR, namely: 1) RE Phase,
2) Documentation/Artifact, 3) Roles Involved, and 4) RE
technique. Each element has its components for the proposed
framework, as depicted in Fig. 6.
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Fig. 6. The proposed QR framework.
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D. Framework Evaluation

A practitioner evaluated this framework to verify it. This
phase was conducted using quantitative research through
questionnaires. The phases are instrument design, instrument
validation, pilot study, sampling, data collection, and feedback
analyses [50]. The questionnaires consist of two sections:
demographic information and elements and the components of
the QR framework. These instruments are used to verify the
proposed framework to confirm whether the ASD practitioners’
review agrees or disagrees with the proposed elements and the
components of the framework to capture QR in ASD [50], [51].
The result of the framework evaluation is explained in the
following Section.

IV. RESULTS

This section explains the findings of the evaluation by using
questionnaires for ASD practitioners classified into sub-
sections: A) the Pilot Study, B) Data Collection and Sampling,
C) Data Analysis, and D) the Result.

A. Pilot Study

A pilot study was conducted by involving 30 ASD
practitioners to check the reliability of the instrument and get
feedback for the questionnaires before conducting the sampling
survey. The pilot study result shows that it achieves the
reliability threshold (> 0.7) based on Cronbach’s alpha
coefficient [52]. It consists of all elements (0.81), RE phase
(0.72), document (0.91), roles (0.90), and RE technique (0.82),
which means that the questionnaires are acceptable. The other
result is questionnaire feedback from the respondents. The
questionnaires were refined to improve the quality and avoid
misinterpretation of the questions.

B. Data Collection and Sampling

The respondents of this questionnaire survey are ASD
practitioners gathered using Snowball Sampling as one of the
non-probability sampling techniques. Then, the questionnaires
were distributed using an online survey from various channels,
namely alumnae and their networking, colleagues in the
industry, and post questionnaires in ResearchGate, LinkedIn
Group for ASD, and ASD Community Indonesia. The total
number of respondents who filled out the questionnaire was 170
people for one month, as presented in Table I.

TABLE I. QUESTIONNAIRE RESPONSE RATE
Description Frequency Percentage
Total questionnaires received 170 100%
Total rejected questionnaires 12 7.06%
Total usable questionnaires 158 92.94%

Table | shows that the total number of questionnaires
received was 170, only 12 (7.06%) questionnaires were rejected
due to outliers, and 158 (92.94%) questionnaires were used in
this research.

C. Data Analysis

The data were analyzed using descriptive statistics. Data
preparation aims to ensure that the data are free from errors by
processing the cleansing data. It is important to make sure the
result is accurate. According to Ibrahim et al. [50], the steps for
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data preparation start with screening the data and coding data, as
well as checking missing data, suspicious response rates,
outliers, and normality by using SPSS software.

1) Screening and coding data: This step was done by
ensuring the data types were numeric and changing the measure
data to scale. It was done at the variable view by changing the
code manually.

2) Checking for missing data: This step aims to analyze the
data that the respondents fill out. If there is missing data, it can
cause an error. Based on the data, no missing values for all
items were found. According to Hair et al. [53], if there are
missing values, responses can be excluded by less than 10%,
and the result is acceptable.

3) Suspicious response rate: This step is to identify the
answer pattern if the respondents fill in the same values for all
questions [53]. It can be excluded from the data that needs to be
analyzed. The result is that no suspicious response rate was
found.

4) Outliers: When using parametric or non-parametric
tests, outliers can state the error rates and substantial distortions
of parameter and statistic estimates [54]. Standardized Z-scores
can be used to analyze the outliers based on the variables, and
the values are then examined. The acceptable value of the Z-
score is between -3.29 and +3.29, which indicates no outliers
[55]. According to the Z-scores analysis, 12 outliers were found
in this dataset, and it was removed from the dataset.

5) Normality: Before the data can be analyzed, it must meet
the normal distribution, where each construct item must meet
the normality [56]. The values of skewness and kurtosis can
estimate the symmetry and data distribution. The authors in [53]
stated that the value of the standard error of skewness close to
zero is acceptable. While the authors in [56] stated that the
acceptable value of the standard error of kurtosis should not
exceed 10. The result shows that the standard error of skewness
is 0.19, and the standard error of kurtosis is 0.38. This means
that the data are close to the normal distribution and can be used
to analyze the dataset.

D. Results

This section explains the results of the framework evaluation
using the questionnaires by ASD practitioners. It consists of two
sub-sections, namely demographic information and descriptive
statistics.

1) Demographic information: This section describes the
respondent's background and the organizational background.

a) Respondents’ background: This section indicates their
position in the organization and years of experience in ASD.
According to respondents’ positions, programmers are the
majority of the respondents, about 46.20%. The second position
is System Analyst, about 13.92%, and Quality Assurance
(QA)/Tester, about 11.39%, followed by Team Leader, about
10.13% and Project Manager, about 6.33%, Product Owner,
about 5.06%, Scrum Master, about 1.90%, and Others about
5.06%. The respondents' experiences with Agile Software
Development methods are depicted in Table I1.
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TABLE II. EXPERIENCE IN AGILE SOFTWARE DEVELOPMENT METHODS
Positions <1 Year 1-5 Years 6-10 Years >10 Years Total

Programmer 2 65 6 0 73
System Analyst 1 19 2 0 22
Quality Assurance/Tester 0 18 0 0 18
Team Leader 1 13 2 0 16
Project Manager 1 3 5 1 10
Product Owner 0 6 1 1 8
Scrum Master 0 1 2 0 3
Others 1 7 0 0 8
Total 6 132 18 2 158

Table Il reports that the majority of the respondents’
experiences were between 1 and 5 years, comprising 132
respondents, and among them, 65 respondents are programmers.
The ASD experiences of more than 10 years are 2 respondents,
namely Project Manager and Product Owner presented in Table
1.

b) Organizational background: This section describes
the organization sector in the industry. The majority of
respondents in the organization sector are
banking/financial/insurance, about 29.11%. Then, the
percentage of Software Houses is 27.22%, the percentage of the
Oil and Gas and other mining industries is 13.29%, and other
sectors are depicted in Table I11.

2) Descriptive statistics: Descriptive statistics is used to
measure the tendency and frequency of each item. Table IV
presents that the respondents mostly agree (4) and strongly
agree (5) for all items based on the Likert scale, which consists
of Strongly Disagree (1), Disagree (2), Neutral (3), Agree (4),
and Strongly Agree (5).

From Table 1V, it can be seen that the average mean of all
elements is 4.25. The average mean of the RE phase element is
4.36 confirming that the first research problem in terms of lack
of clarity on which the Requirement Engineering phase to
capture QR should be implemented is answered. Then, the
average mean of the RE technique is 4.18 confirming that the
first research problem in terms of lack of clarity on which the
techniques used to capture QR implemented is also answered.

The average mean of documents used is 4.11 confirming that
the second research problem in terms of lack of documentation
of QR is answered. Then, the average mean of roles involved is
4.25 confirming that the third research problem in terms of the
inadequate ability of user stories to capture QR by involving
roles to address QR effectively is answered.

Table 1V presents that our finding extends the previous work
of [29-31] on how to capture QR, which was only implemented
in the elicitation phase. According to Table VI, each of the RE
phases is needed to implement for capturing QR early. It also

extends the previous work of [24], according to Table IV, in
terms of documentation used, roles involved, and the RE
techniques are also needed for each RE phase. Furthermore, it
extends the previous work of Alhaizaey et al. [33], according to
Table 1V, in terms of documentation used and the roles involved
are also needed for each RE phase. On the other hand, according
to Table IV, our findings are in line with the documentation used
[32] and in terms of implementation for capturing QR in all the
RE phases [24], as described in the research gap. In summary,
this study fills the gaps from previous works by implementing
all the RE elements. Additionally, it also uses comprehensive
documentation, the roles involved, and the RE techniques for
each RE phase. According to the statistical results, the mean
distribution is more than 4 out of 5 suggesting that the
framework (Fig. 6) used to capture QR is verified and shows a
positive impact on dealing with capturing QR in ASD. However,
this framework still needs to prove its effectiveness by
conducting validation using case studies.

TABLE Ill.  ORGANIZATION SECTORS
Organization Sectors Frequency Percentage
Banking/Financial/Insurance 46 29.11%
Software House 43 27.22%
Oil and Gas, and other mining industries 21 13.29%
Education/Training 9 5.70%
Telecommunication 6 3.80%
E-Commerce 5 3.16%
Manufacturing 5 3.16%
Transportation & Storage 4 2.53%
Healthcare 4 2.53%
Agriculture, Hunting & Forestry 4 2.53%
Construction 3 1.90%
Others 8 5.06%
Total 158 100%
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TABLE IV.  DESCRIPTIVE STATISTICS AND VARIABLES

Item Median | Mode | Mean | Average Mean
Element RE Phase 4 4 432 4.25
Document 4 5 441
Roles 4 4 4.16
RE Technique 4 4 4.09
RE Phase Elicitation 4 4 4.04 4.36
Analysis 5 5 4.42
Documentation 5 5 4.46
Validation 5 5 4.50
Document (elicitation phase) System-type document 4 4 4.04 411
Domain-type document 4 4 4.09
ISO/IEC 25010 Model 4 4 411
Project History 4 5 429
Document (analysis phase) Mapping sheet between FR vs QR document 4 4 4.04
Mapping sheet between QR documents 4 4 4.00
Document (documentation phase) FR user story 4 5 4.29
QR user story 4 4 4.08
QR Decision 4 4 4.08
Document (validation phase) Checklist-based Reading document 4 4 4.04
Roles (elicitation phase) Developer Team 5 5 453 4.25
Customer 4 5 4.27
Expert 4 5 4.29
Product Owner 5 5 4.46
Roles (analysis phase) Developer Team 4 4 4.15
Roles (documentation phase) Developer Team 4 4 3.80
Roles (validation phase) Developer Team 4 5 4.29
Customer 4 4 4.10
Expert 4 4 4.22
Product Owner 4 5 437
RE Technique (elicitation phase) Interview and Brainstorming Technique 5 5 4.46 4.18
RE Technique (analysis phase) Interaction Matrix technique 4 4 4.03
RE Technique (documentation phase) Structured Natural Language technique 4 4 4.03
RE Technique (validation phase) Checklist-based reading technique 4 4 4.20

V. CONCLUSION AND FUTURE WORK

This research proposes a framework for capturing QR by
integrating the RE elements in Agile Software Development
methods. The research result based on the framework
verification using the questionnaire confirms that the ASD
practitioners’ review agrees with the proposed element and the
component to capture QR in ASD. Thus, this framework offers
a comprehensive way to handle QR in ASD while aligning with
ASD Practice to reduce rework, time, cost, and even project

failure. Furthermore, this framework also emphasizes that the
RE phase should be iterative along with the process of capturing
functional requirements, even requirements (either FR or QR)
that arise in the middle of development to accommodate
requirement change. For future research, this framework will be
validated by using case studies to evaluate its effectiveness,
which is in line with the ASD practice, to see the importance and
impact of QR on ASD. The case studies will be implemented in
selected companies that have used ASD methods for software
development.
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