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Software Requirements Review (SRR) is a formal review process in which several
reviewers read all or parts of the Software Requirements Specification (SRS) to look for
defects in the requirements. During requirements review sessions, reviewers may
employ various reading techniques to ensure that the requirements have been
completely and clearly specified. To review an SRS document, the review leader must
organise a review session, the reviewers must physically meet and provide their review
feedback during the session. In these situations, the review leader must schedule the
review session based on the reviewers' availability, which can be laborious and time-
consuming to arrange. Additionally, the review leader needs to manually consolidate all
the outcomes of the review session, which could also require a considerable amount of
effort and time. However, there has been an insufficient research to identify the
effectiveness of reading techniques for requirement reviews by employing a dedicated
tool support for requirements review. Using a web-based application, called e-Review,
the aim of this study is to experiment the effectiveness of Checklist-based Reading (CBR)
and Perspective-based Reading (PBR) techniques during requirements review session.

1. Introduction

The importance of Requirements Engineering (RE) in software development has been mentioned
in many works of literature including in Gregory, [8], Hidellaarachchi et al., [10], Liu et al., [13]
Wiecher et al., [26]. In general, the generic RE activities are requirements elicitation, analysis and
modelling, negotiation, validation, documentation, and management. The requirements validation
activity is concerned with checking the requirements document for any requirements errors such as
inconsistency, incompleteness, and inaccuracy in order to ensure that the requirements document
adequately addresses all of the stakeholders' needs.
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Requirements review is one of the most common requirement validation techniques, in which a
group of reviewers read and analyze requirements, look for requirement issues, meet and discuss
the issues, and agree on a set of actions to address the identified problems [16]. A variety of
requirements review reading techniques such as checklist-based reading, defect-based reading,
perspective-based reading, usage-based reading, and scenario-based reading have been employed
for identifying requirements errors in the requirements review process [20].This study aims to
experiment two of these reading techniques for requirements review that are Checklist-based
Reading (CBR) and Perspective-based Reading (PBR) techniques. The selection of these two reading
techniques was made possible by the fact that CBR and PBR are the most well-known reading
techniques [6]. In the CBR technique, the reviewer obtains a checklist to look for certain types of
requirements defects that are expressed as questions or statements, while the PBR technique
focuses on analyzing requirements from several perspectives, such as end-users, designers, and
testers [3].

To experiment the CBR and PBR techniques, an online collaborative requirement review tool, e-
Review, was developed, which supports requirements review with two reading techniques. The
purpose of this tool is to automate the requirements review process. In the e-Review tool, a review
leader sends a review invitation to several reviewers, along with the reading technique(s) to be used
for the review. By accepting the invitation, the reviewers can begin individually reviewing each
requirement using the assigned reading technique. Once they have finished reviewing and providing
feedback on all the requirements, they can submit their feedback to the review leader [12]. In
contrast, the PBR technique concentrates on examining requirements from different perspectives of
the users of software documents in order to improve efficiency by minimizing the overlaps among
the faults found by the reviewers [12]. It is worth to note that both techniques employ the use of
checklist, which is normally created and managed by the review leader.

The benefit of utilizing multiple reading techniques (as opposed to adopt a single reading
technique) for requirements review is that each technique can facilitate in discovering requirements
defects based on each technique's strengths. For this work, we adopted a combination of reading
techniques i.e., the CBR and PBR techniques to review requirements documents in order to further
improve the defect detection in requirements. In addition, once the reviewers provided their
feedback, all the review feedbacks during validation need to be consolidated and this is a time-
consuming process that necessitates a significant amount of effort and time. This is one of the
reasons why the conventional (manual) requirements review process is a very challenging task for
the review team, especially from the review leader’s role. Hence, an online requirement review tool
shall be able to (1) assist in validating requirements documents, (2) support in systematically
managing and consolidating the requirements review feedback from multiple reviewers, and (3)
provide a mechanism to allow multiple reading techniques to be adopted in the requirements review
session.

The scope of this work is to compare two reading techniques for requirements review that are
the (1) CBR, and (2) PBR techniques. The objective of the experiment is to investigate which reading
technique is more effective in the detection of requirements defects. Hence, the research question
for the experiment is: ‘What is the difference between CBR and PBR in terms of defects detection
rate in terms of accuracy and effectiveness?’. The primary goal of this study was to compare the CBR
and PBR reading techniques to determine which one is more effective in detecting defects during
requirements review activity.

The background of the research work, requirements review techniques, and research
methodology are covered in the earlier sections of the report. The results and discussion will follow
next, and the conclusion and recommendations for further research will be provided at the end.
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2. Methodology

The literature review section will be presented based on the following sub-topics: requirements
review, requirements reading methods used during the requirements validation activity,
classification of requirements defects, and the final section on the CBR and PBR techniques.

2.1 Requirements Review

IEEE Standard for Software Reviews and Audits defines five different types of software review,
which include: 1) technical review 2) management review 3) walkthrough; 4) review; and 5) audit
(1028-2008 - IEEE Standard for Software Reviews and Audits, 2008). During a certain point of the software
development life cycle, including planning, requirements, design, testing, and implementation, a
review or a few review sessions may generally be conducted. The ISO/IEC/IEEE 24748-8:2019
standard defines technical reviews as a series of systems engineering activities conducted at a certain
logical transition points in a system life cycle, by which the progress of a program is assessed relative
to its technical requirements using a mutually agreed-upon set of criteria as defined in IEEE Standard
for Technical Reviews and Audits on Defense Programs (IEEE Computer Society. Software & Systems
Engineering Standards Committee et al., n.d.). The standard also recommends a comprehensive set of
technical reviews such as Alternative System Review (ASR), System Requirement Review (SRR),
System Functional Review (SFR), Preliminary Design Review (PDR), Critical Design Review (CDR), and
a few more type of reviews. In addition, a technical review seeks to assess the suitability of a software
product for its intended use and identify deviations from existing standards and specifications. In an
SRR, several stakeholders go through the requirements documentation to look for any requirements
defects.

Although there are challenges in the execution of requirements review activities in the industry,
requirements review is regarded as one of the most effective software quality assurance techniques
in software engineering [18]. A systematic walk-through can also be used to inform and evaluate a
software solution. An independent evaluation of a software product can also be performed using a
software audit (IEEE Computer Society. Software & Systems Engineering Standards Committee et al., n.d.;
Nordin et al., 2018). According to Sulehri [21] requirements review is the most commonly used
technique for requirements validation. To identify requirements defects, each member of the review
team tries to comprehend and evaluate the requirement artefact. It is the responsibilities of each
reviewer to go through the documents, discuss, and further examine the artefact to identify any
requirements defects. The owner of the requirements document then needs to correct the defects
found during the review. The general workflow of the requirements review process is depicted in
Figure 1.

INITIAL WORK OVERVIEW
PRODUCT PLANNING MEETING
INSPECTION |, »
MEETING PREPARATION
Validation
Other
v
N g UPDATED WORK
REWORK FOLLOW-UP > PRODUCT
X

Fig. 1. Requirements Review Workflow [21]
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2.2 Requirements Reading Techniques

The most prominent requirements reading techniques for requirements review are covered in
this subsection. In this paper, seven types of requirements reading techniques in the literature are
briefly elaborated i.e., 1) ad hoc, 2) CBR, 3) PBR, 4) usage-based, 5) scenario-based, 6) traceability-
based, and 7) defect-based requirements reading techniques.

Ad hoc reading technique works without proper planning. All review team participants examine
the provided requirements artefact for any requirements defects in the absence of proper guidance
or instructions. This strategy may be effective with knowledgeable and experienced reviewers, but it
could be ineffective with inexperienced reviewers. Sulehri [21] stated that defect detection is
performed based on reviewer's experience. In contrast, inexperienced or untrained reviewers may
find it difficult to detect requirements defects if no clear guidelines or instructions are provided.

The CBR technique provides a list of various question-based items to be used for reviewing
requirements. Team members need to address these items that are linked to the consistency of the
requirements specifications. These reading techniques are very useful for reviewers to identify
requirements defects in the requirements specification [21].

PBR technique provides a set of instruction to assist reviewers in playing the roles of the main
stakeholders of the project under review. Tester (T), Designer (D), and End-user (U) are identified as
the main perspectives. Reviewers create abstractions that are important to their point of view. For
example, a designer generates high-level preliminary diagrams, a set of test cases is created by the
tester, and a user generates a series of use cases. Reviewers use a variety of questions to help spot
defects when constructing abstractions. The items are normally on a standard category based of
types of requirements defects. This is not a fixed collection of defect types, but it can be modified as
required [6].

Usage-based Reading (UBR) technique employs a series of use cases to focus on during the
review. The use cases will be used as a guidance for the reviewers when reviewing requirements,
design, or code documentation in the same way as the test cases tell a tester how to test a system
[23]. Scenario-based Reading (SBR) technique is designed to overcome the weaknesses of CBR
technique, which aims to 1) guide on active review development of the document; 2) confine the
reviewers’ attention to a single point of concern, that is, showing what to review, which is called
separation of concerns. These ideas of the scenario-based technique are applied as “reading
scenarios”. A reading scenario is made of two parts that are 1) an introduction that determines the
focus of a scenario; 2) a collection of guidelines that provide a step-by-step overview of activities to
be carried out by reviewers [6].

Defect-based Reading (DBR) technique is primarily applicable to requirements artifacts. The key
concept of this technique is when an item is under review, different reviewers (normally in a group)
should concentrate on a different group of defects. An example of a study which adopts the DBR
technique in detecting ambiguities during interviews was conducted by Ferrari et al., [7]. Despite the
possibility that this technique could be helpful in identifying requirements problems, it also boosts
the cost of implementation because it necessitates additional personnel [6].

2.3. Defect Classification for Requirements
The main goal of the requirements review is to find defects in software requirements
specifications (SRS). IEEE Standard classifies eight defect types that are (1) missing, (2)

extra(superfluous), (3) ambiguous, (4) inconsistent, (5) improvement desirable, (6) not conforming
to standards, (7) risk-prone, and (8) not implementable (1233-1996 IEEE Guide for Developing System
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Requirements Specifications., n.d.). In addition, a requirements errors taxonomy was developed by
Walia and Carver (Walia & Carver, 2009), where the requirement errors is classified into three
categories, which are (1) people error, (2) process error, and (3) documentation error as shown in
Figure 2.

REQUIREMENT
ERROR
PEOPLE PROCESS DOCUMENTATION
ERROR ERROR ERROR
C i
Inadequate method|
|__| of achieving
Participation objectives No Usage ol
Knowledge Specification
Application
Execution Traceability
Other Cognition

Fig. 2. Taxonomy of Requirements Errors [24]

According to the work [19], people errors are faults caused by the individuals involved in the
preparation of the SRS documents; process errors are faults caused by an inadequate RE process and
the selection of the incorrect tools to achieve objectives and goals; and document errors are faults
caused by an incorrect specification of requirements and organisation, regardless of whether the
author of the requirements documentation correctly understood the requirements.

2.4. Checklist-based Reading (CBR) and Perspective-based Reading (PBR) Techniques

This section summarizes some of the findings on the effectiveness of CBR and PBR techniques
from the literature. According to Alshazly et al., [3], the PBR technique is more effective in terms of
the total number of faults detected than the CBR technique. The research also mentioned that the
PBR technique is more effective than the CBR technique when 1) reviewers are not quite familiar
with the application domain; 2) dealing with omission and ambiguous faults, and 3) dealing with
inconsistent defects. The justification for such case is that the reviewers who use the PBR technique
review requirements from a specific perspective, hence, the process is more systematic, and adopts
a more focused reading technique. However, for dealing with incorrect defects, the CBR technique is
more effective compared to the PBR technique. In addition, this work also stated that the CBR
technique could assist in detecting excessive defects as compared to the PBR technique.

Some other papers stated no difference in the defect detection using the CBR or PBR techniques
in terms of effectiveness and efficiency. Dieste et al., [6] analyzed and compared the performance of
a few reading techniques including the CBR and PBR reading techniques. Both individual and group
measurements showed that the CBR technique output had the same result as the PBR technique in
view of performance and efficacy.

Another research paper He et al., [9] showed that based on the amount of meeting gains and the
number of false faults removed, the team meeting is more relevant for checklist teams. The study
also found that in their defect identification, the teams who used the PBR approach had less overlap
than those using a checklist. In terms of the individual results, reviewers from each perspective
outperformed those who used the CBR technique. A bar graph for each team's Team Defects
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Detection Rate (TDDR) is displayed in Figure 3. It is evident from the figure that the PBR teams were
able to detect more defects than the teams using the CBR technique. These findings show a trend
that the PBR teams performed better compared to the CBR teams concerning faults detection
effectiveness, although the statistical result is not as good as that of individual results [9].

40—
30
20—

10 |——’
0

| [ [
1 2 3 4
(checklist)  (checklist) (PBR) (PBR)

Team Defects Detection Rate

Legend:
x-axis : Requirements reading techniques
y-axis : Team Defects Detection Rate (TDDR)

Fig. 3. Defect Detection Rate PBR vs CBR [9]

To the best of our knowledge, all the studies were carried out in physical settings using paper and
pencil (manual or conventional) review; however, for this experiment, we used an online
requirement review tool called e-Review. The tool will be elaborated in Section 3.2.

3. Methodology

The experimental research method is employed in this study as, according to the reviewed
literature, it is the most common way to examine requirements reading strategies techniques.
Nevertheless, nearly all the studies in this field that were referred used experiments to investigate
the efficacy and efficiency of reading techniques in conventional requirements review, which at least
has these two characteristics: 1) paper-based review of the requirements artefact; and 2) physical
requirements review setting, whereby the review was carried out in a face-to-face session. During
the Covid outbreak, people moved to online platforms to meet the demands of both individuals and
organizations for products and services [17]. When a pandemic situation arises such as the Covid-19
pandemic, it is essential to be able to perform requirements review in an online platform with the
ability of having distributed reviewers in any location, whenever and wherever. A study [15] also
stated that during the pandemic, teaching and learning activities were more restricted and relied on
the ICT technologies. As such, we conducted the review in online setting.

Figure 4 represents the process flow of the research methodology and the experimental design.
After the literature review process, the e-Review? tool, which is a web-based requirements review
system was deployed and prepared to be ready for the experiment. This research adopted the tool
to be used as requirements review platform for the experiment with the CBR and PBR reading
techniques. The e-Review tool will be discussed in Section 3.2.

2 The e-Review tool was developed as a part of the researchers’ previous work in another project.
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Fig. 4. Research Methodology and Experimental Design

The experiment aimed at investigating which reading technique is more effective in requirements
error detection in requirements. This experiment is a preliminary validation to find effective reading
techniques between CBR and PBR techniques. Due to the limitation of industry professionals to be
employed as subjects, respondents of the experiments were selected from 1) computer science and
software engineering undergraduate students, and 2) academics with Certified Professional for
Requirements Engineering (CPRE) or Certified Testing Foundation Level (CTFL) certifications.
According to the literature [4,5,19,22], using students as subjects in Software Engineering (SE)
experiment is a common practice. Among the reasons are the high costs and difficulties in obtaining
industry or practitioners as experimental subjects, which is why using students is thought to be the
best alternative for SE experiments [19].

Furthermore, the student participants in this study were filtered based on their familiarity and
understanding of the RE field, as well as other closely related SE fields such as software testing and
software design. To select the most suitable participants, all SE students were sent invitations to
participate in the experiment. According to the responses, not all SE students took RE or the
related courses during the study duration or had previously taken the course. These students were
excluded in the study.

Then, the basic criteria for participating in the experiments were specified. Subjects who were
eligible to review software requirements using the CBR technique must have taken the RE course or
were currently taking the course. Subjects who were assigned to review using the PBR technique
from a designer perspective must at least took or currently taking the software design and
architecture course. Likewise, subjects who were to review software requirements using the PBR
technique from a tester perspective must have taken or currently taking the software testing course.

Prior to the actual experiment, a pilot study was conducted. The aims of the pilot study were (1)
to validate the research elements and materials for the participants including the provided tutorials,
instructions for the experiment, materials provided for the e-Review tool and the reading techniques;
(2) to verify the process flow of the experiment and resolve any issues with the tool and/or the
instructions. There was a total of 4 participants who took part in the pilot study. After the pilot study,
based on the participants' data and feedback, some amendments had been made to the e-Review
tool and the instructions for the experiment. For example, some of the items of the reading
techniques were not applicable to the requirements. From the feedback of the pilot study, the
provided instruction was updated to ensure clarity of the instruction.

The participants were given written instructions and video tutorials on how to accomplish the
activities before the experiment. During the pilot study, validation of the video lessons and the
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experiment instructions had already been conducted. The planning and execution of the experiment
will be covered in more detail in the following subsections.

3.1. Design of the Experiment

The participants of the experiment were employed from 1) undergraduate students, who were
taking or already took the RE course i.e., CSCI 4323 Requirements Engineering and 2) academicians
with CPRE, CTFL certifications or had experiences in RE area. The RE course covers all the RE activities
and aligned with the CPRE content. The total number of participants was 12 students and 4 academic
staff. The subjects were then divided into two main groups based on the reading techniques.

Eight subjects were assigned to review a set of requirements using the CBR technique and the
other eight subjects were assigned to review the same set of requirements using the PBR technique.
In order to provide a centralized collection of materials for the experiment and also to avoid
confusion, a Google classroom was created for each of the techniques that is one for the CBR
technique’s subjects and the other for the PBR technique’s subjects. The relevant materials including
the documented guidelines and video tutorials were provided in both the classrooms and shared with
the subjects in the platform. The included materials were (1) step-by-step tutorial on using the e-
Review tool for reviewing software requirements; (2) a sample of each technique with instructions.
Additionally, participants had a week to evaluate the requirements at their convenience. The time
each reviewer spent going over the requirements was tracked by the system. The set of requirements
adopted in this experiment consists of 10 functional requirements from the FOMS. The experimental
design is represented in Figure 4.

3.2. e-Review Tool

e-Review is an online web-based tool, which was designed and developed to facilitate the
requirements review process. The following activity diagram shows the overall flow of the tool. See
Figure 5. It is important to note that the tool is made to handle several requirements reading
techniques within a single review session. This means that a review leader may choose to assign
various reading techniques to different reviewers. We normally made the assumptions that the same
reading technique is used throughout this experiment and limit the flow to what is necessary to
accomplish the review's objectives.

In general, the system supports three different roles of users, which are (1) document (SRS)
author, (2) review leader, and (3) reviewer. All different roles of users need to log in before using the
system. The system is redirected to a certain page based on chosen the role. To have an account, the
user must self-register at the registration page, and they can then log in after the registration is
successful. However, in order to assure smooth registration and prevent any unnecessary mistakes,
the authors pre-registered the participants so that they could log in immediately based on their
assigned roles.

If a user registers as a document author, he will be taken to the document author's dashboard
and have access to all the features designed for the role, including adding review leaders to projects,
creating new projects, uploading SRS documents for review, and tracking feedback after projects are
finished. The dashboard for the review leader will also be shown if the user registers as the review
leader. Here, the user can access the review leader's features, including adding the assigned project,
inviting reviewers, customizing the checklist, designating a specific reviewer for each review
technique, compiling the reviewers' generated feedback, and sending the finalised consolidated
feedback to the document author.
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Fig. 5. e-Review Tool Workflow

If a user registers as a reviewer, the system will direct them to the reviewer's dashboard. The user
can now review the assigned document, produce feedback, and submit the created insight to the
review leader after accepting the invitation from the review leader. The authors of this study
assumed the roles of document author and review leader to cover the flow of the complete
requirements review activity as provided by the tool, and each participant was registered as a

reviewer for the purposes of the experiment.

Figure 6 shows an example of a screenshot of the e-Review tool, which is focusing on the review
process. The checklist items will be prompted for each requirement to guide the reviewers during
the activity. The reviewer is expected to provide review feedback for each requirement by analyzing
each requirement and looking for errors in the requirements. The issues are documented, and at the

end, all review feedback is compiled and submitted to the review leader.

1

o "
= G Each cheklist
clude all known cultomer or system needs? Are allthe tasks the user wants to pdribrm specified

Single Requirement

tional requirement specity input and output. as well a5 function, 35 appropriste? (Incomplete)

s wach requirement tiaceable 10 s source (nchuding derived requirements)? (Incomplete)

© 000webhost

Fig. 6. A screenshot of e-Review tool

4. Result and Data Analysis

In this section, the result of the experiment is analyzed in detail to derive the

findings.

research
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4.1. Demographic

At the beginning, all participants were asked to provide their demographic information and
knowledge level of SE in a Google survey form. There were 16 participants in this study. Participants
were students who enrolled in the undergraduate RE course in the 2" Semester 2019/2020 session
or academic staff who were eligible. Among the participants, 12 participants were female (75%) and
4 of them were male (25%). At the time of the experiment, each participant was either 1) enrolled
in or had already finished the RE course; 2) had taken software testing or software design and
architecture course(s); or 3) had CPRE or CTFL certificates, or expertise in the RE field. Ten of the
students acknowledged having taken the software testing course, while eight of them mentioned
having taken courses in software design and architecture. Four of the participants mentioned having
taken partin a SRR in the past while five of the participants said they were aware of the requirements
review but had never involved in any review activity. The experiment took over the span of a week.

4.2. Experimental Setup

The experiment was conducted based on the availability of the participants using an e-Review
tool. By using the e-Review tool, each participant was expected toreview the given
requirements when it was convenient for them within the stated duration. The start and end times
of each reviewer were recorded in the tool, and on average each participant spent approximately 30
minutes to review the given set of requirements. After the experiment, the participants were asked
to give feedback on the tool. As finding for the tool’s feedback part is not the scope of this paper, it
is excluded from this paper, and will be reported in a subsequent work.

Firstly, the participants were required to fill in their demographic information and knowledge
level in a survey form. They were then divided into two groups based on the reading techniques. In
addition, the training materials for (1) both techniques and (2) step-by-step instructions for using the
e-Review tool were shared via a Google classroom platform. A help section was also provided in each
classroom to clarify any confusion regarding the experiment.

The experiment was conducted using a set of ten functional requirements, which were extracted
from the Food Order Management System (FOMS). The requirements covered various features of
the FOMS such as account management, authentication, search, and making a food order.

The CBR checklist items consist of four categories i.e., complete, consistent, standard, and
verifiable. For PBR, two views were assigned: (1) the tester and (2) the designer perspectives. For
each view, there were seven checklist items to consider during a review session. See a sample of CBR
checklist item in Table 1. Instead of providing feedback on the entire requirements, the reviewers
were expected to examine each requirement individually, and provide feedback based on the
assigned techniques. Each technique-related checklist item had two potential responses: (1) yes or
no, and (2) there was also an area for additional feedback for each item. A sample of the checklist
implementation in e-Review tool is included in Section 3.2.

The authors developed a benchmark for evaluating review results, which was validated alongside
the requirements by a RE expert. The expert has more than 7 years of experience in the field. She
holds CPRE and CTFL certifications and has published articles in the RE area. The benchmark includes
both the expected defects and the justification for each requirement statement.

This benchmark will be used to evaluate the data from the experiment and, later, to analyse the
results. In both the pilot study and the main experiment, the researchers were available to assist the
participants in clarifying any confusions. The pilot study involved four participants in all. After the
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pilot study, minor adjustments had been made to the tool, experiment materials, and the
methodology to reduce any misunderstandings.

Table 1
CBR Checklist Item
Standard
1. Areall terms and units of measure defined?
Verifiable

1. s each requirement verifiable by testing, demonstration, review, or analysis?

2. Are there measurable acceptance criteria for each functional and non-functional requirement?

3. Is each requirement uniquely and correctly identified?
Complete

1. Does the specification include all known customer or system needs? Are all the tasks the user

wants to perform specified?

2. Does each functional requirement specify input and output, as well as function, as appropriate?
Consistent

1. s each requirement written in consistent, clear, concise language?

4.3. Result

The number of errors discovered by participants using the two reading techniques that are
the CBR and PBR is depicted in Figure 7. The experiment for the PBR technique considered both the
designer and tester perspectives. Four participants reviewed the requirements using the PBR
technique from the perspective of designers, while the remaining four participants reviewed the
requirements from the standpoint of testers.

A defect frequency was used to analyze the results. The number of participants who detected the
same error for the assigned reading technique was used to calculate the defect frequency. To clarify,
the researchers set the review result to one if a specific participant's response is accurate (based on
the validated benchmark) for a specific checklist item for a specific requirement. If a response is
incorrect, a zero value will be assigned to a single participant's attempt. As a result, based on the
assigned reading technique, this value will be accumulated and used to calculate the defect
frequency for PBR and CBR.

Generally, it can be seen from Figure 7 that the number of defect frequency for PBR was higher
than the CBR for almost all requirements. In terms of defect frequency rate, PBR participants
discovered more defects than CBR participants. To be more specific, the highest defect frequency
rate for both techniques was 4, which was the same for both techniques. Participants using PBR had
a defect frequency of 4 for 2 requirements i.e., REQ2 and REQ5, whereas participants using CBR had
a defect frequency of 4 for a single requirement only i.e., REQ4.

Requirements REQ3 had the lowest defect detection frequency, which was one. Furthermore,
the highest frequency of defect detection using CBR for requirement REQ1 is 3 defects, and the
lowest frequency is 1. While participants using PBR techniques had a maximum defect detection
frequency of 2, the defect detection frequency for REQ7 was 1 for both reading technique
participants. Three participants detected the same REQS8 faults using the CBR technique, with the
lowest frequency of defect being 1.
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Fig. 7. CBR and PBR Defect Frequency

Participants of both techniques found a total of 5 defects for REQ9 with the highest frequency of
2 defects for both CBR and PBR techniques. Requirements REQ10 was related to the search
functionality, which had the highest defect detection frequency of 3 for both CBR and PBR
techniques.

4.4. Data Analysis

During the experiment, participants' feedback was entered into the e-Review database.
Participants were given options of yes or no for each item of CBR and PBR reading techniques that
were recorded. In addition, participants also had the option to comment on their opinion or error for
each item. The comment box for each item aimed to make each item open-ended, which allowed the
participant to express their opinions at length. Feedback was then exported into Excel sheets and
interpreted into numbers for analysis.

4.4.1 Effectiveness of CBR versus PBR based on defect detection

The effectiveness of each technique was evaluated based on the findings by comparing the
number of defects discovered using each technique. The frequency of problems discovered was
compiled in order to better understand each criterion. As shown in Figure 8, participants using the
PBR technique were able to detect requirements defects in almost all the assigned requirements. In
comparison to PBR participants, who were successful in finding defects in nine out of ten
requirements, CBR participants were unable to discover any defects in three of the assigned
requirements. As a result, the PBR method was found to be more effective than CBR in terms of
defect detection.

4.4.2 Effectiveness of CBR versus PBR based on numbers of defects detected

This section focuses on a more in-depth analytical comparison of CBR and PBR for all
requirements related to defect detection. For REQ1, participants who used CBR encountered
requirements issues with completeness and verification defects, whereas participants who used PBR
discovered consistency and completeness issues. Both participant groups found the same number of
defects, although they were of slightly different defect categories.
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The highest number of defects, which were associated with interface, incompleteness, and
inconsistency, were observed in REQ2, according to PBR users as represented in Figure 9. For a few
of the requirements, the number of defects also stands in contrast to what was expected. For
example, participants using the PBR technique did not manage to discover any defects for REQ3,
whereas participants using the CBR technique failed to detect any defects in REQ4—7. However, a
defect related to the consistency of the requirement was discovered by CBR users for REQ3. The
standard, verification, and consistency were the expected defects to be discovered for this
requirement. The same scenario was true for requirement REQ6, where only PBR participants were
able to find a single defect. Requirement REQ®6 is related to the order feature and the expected
defect was related to ambiguity category.
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Fig. 9. Defects rate for PBR and CBR (based on requirements)
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To further elaborate on the question of which reading technique is more effective between CBR
and PBR, Table 2 lists the summary of the finding based on the accumulated data concerning defects
found (union of defects found by the individual participants) and total defect frequency (defect found
by multiple participants). From this table, the PBR group scored 75% in contrast to only 41% for CBR
group for accumulated defects found by individual participants.

Table 2
CBR vs PBR Finding Summary
(Review Item)

Requirements Food Ordering Management System (FOMS)

Reading Techniques CBR PBR
Defects Found/Total 0 o
Defects 13/32 (41%) 24/32 (75%)
Total Frequency of

27 44
Defects Detected
Effectiveness 1.27 2.27
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5. Discussion

The threat to the accuracy and interpretation of the findings will be briefly discussed in this section
of the paper.

5.1. Threats to Validity

A potential external threat to validity is the lack of industrial practitioners in the experiment.
However, this risk is minimized by employing fourth-year students who are about to complete their
studies and beginning to work in the industry. In addition, the four academic staff who used the PBR
technique for reviewing the requirements can be a potential threat to validity since they were more
experienced than the students. However, for the CBR technique, all participants were undergraduate
students. As explained earlier, participants were assigned to the respective techniques based on their
prior RE knowledge and experience in the area.

For clarification, in order to review using the PBR technique, participants must play the roles of a
designer, or a tester. The students who had not yet taken any of the elective courses related to
software design and (or) software testing at the time of the experiment, they were assigned to the
CBR technique instead of the PBR technique. The utilization of the e-Review tool rather than manual
reviewing could also pose a threat to validity. Although both video and written tutorial were
provided, participants could find it more challenging to pose questions during the review than they
would during a manual conventional review session.

Internal validity may also be compromised by the participants' knowledge that their
performances in this experiment will not affect their grades in the course. There is a possibility that
the participants will be discouraged. For instance, they might perceive that their participation is a
waste of time or that they lack motivation to comprehend the experiment procedures. Nonetheless,
the instructor had discussed potential benefits of the requirements review exposure. It was made
clear that genuine participation was required for the experiment.

5.2 Interpretation of Result

The primary goal of this study was to compare the CBR and PBR reading techniques to determine
which reading technique is more effective in defects detection. The findings in this research were
evaluated to support the findings among some earlier experiments, including work in (He & Carver,
2006). Additionally, the analysis's findings support the research question that is to find the answer to
‘What is the difference between CBR and PBR in terms of defects detection rate in terms of accuracy
and effectiveness?’. The results of individual performance analysis (based on accuracy of the defect
detection depending on the expert benchmark) and frequency of defect detection revealed that
participants who used the PBR technique found more defects than those who used the CBR
technique.

The primary cause of this finding might be related to the various reviewers’ perspectives in the
PBR, including that of the designer and tester. Participants who reviewed the requirements from the
perspective of a designer might analyze the requirements to his understanding of design knowledge
and determine whether anything was missing, unclear or confusing. Furthermore, participants who
reviewed from a tester's perspective could relate the requirements to testing activity, for instance, if
any information is missing or ambiguous in the stated requirements, which may lead to issues during
testing. While with the CBR technique having the same goal to detect defects, the reviewers might
not be focused as they need to consider all possibilities. However, due to the small sample size and
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use of a single experiment, we acknowledged that the findings might not hold to other RE
circumstances to be generalized.

6. Conclusions and Future Work

This section briefly provides the conclusion of the study and explains the theoretical and practical
contribution of this paper to the requirements validation area.

Software Requirements Review (SRR) is a formal requirements review procedure activity,
which involves several reviewers reading all or portions of the software requirements specification
(SRS) and looking for requirements errors. This study used an e-Review tool as a platform to
investigate the effectiveness of checklist-based (CBR)and perspective-based reading (PBR)
techniques. This study, which involved 16 participants, sought to find out whether the number of
defects found differed while using different reading techniques. The experiments included
undergraduate students and academicians with relevant knowledge as participants. To review the
provided requirements for defects, the participants were divided into two groups: CBR reviewers and
PBR reviewers. Each member of the two groups reviewed the provided requirements on their own.

An experimental methodology was used to perform the study on the provided requirements,
which were extracted from FOMS. Furthermore, both strategies utilized the same quantity of
resources. According to the results of the experimental investigation, participants who used the PBR
technique for evaluating requirements outperformed those who used the CBR technique in terms of
defect detection. This discovery corroborates the findings of some other studies in this field, including
those by Maldonado et al., [14] and He et al., [9]. The various viewpoints are taken into account for
the cause. As a result, it may be concluded from our findings that the PBR technique is preferable for
reviewing requirements.

As a result of our findings, we can conclude that the PBR technique is a better option for reviewing
requirements. We believe that more research with more requirements and a larger industrial sample
size will yield a better outcome.

6.1 Theoretical Contribution

This research is intended to compare the effectiveness of different requirements reading
techniques. In order to uncover the comparison, an experiment was carried out to evaluate those
reading techniques. The research used a web-based e-Review tool to facilitate the review session
during the experiment. This tool was originally designed to support several requirements reading
techniques to be used in requirements review session to maximize the benefits of each reading
technique. Other studies including in Alshazly et al., [3] also recommended this strategy. In
conventional requirements review setting, handling multiple reading techniques at once is tedious
and may necessitate a significant amount of time, effort, and resources. Nonetheless, it is anticipated
that this problem can be reduced by employing a specialized tool to assist the review leader in
managing the complex flow.

This study aids in comparing the efficacy of various requirements reading methods. An
experiment was conducted to evaluate those reading techniques to find the comparison. To facilitate
the review session during the experiment, the research adopted a web-based e-Review tool. To
optimize the benefits of each reading technique, this tool was created to support several reading
techniques during requirements review session. Other work such as in Alshazly et al., [3] also
recommended this strategy. In conventional requirements review setting, it is tedious to handle more
than one reading technique at a time. In addition to the complexity of the review process, the
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consolidation of the review feedback from all the reviewers including removing duplications and
providing the necessary reports are among the challenges that also need to be handled. Nonetheless,
these issues can be reduced by using a dedicated tool that can facilitate the review leader to manage
the flow and focus on the other important tasks. However, for the experiment, we did not focus on
the use of multiple reading techniques at the same time.

6.2 Practical Contribution

The literature indicates that most of the studies to the best of our knowledge such as Nordin et
al., [16] and Shull et al., [20] that had been conducted on identifying the effective requirements
reading strategies were based on conventional review activity used within physical setting. This
study, however, is different from the other studies in that it employed an online e-Review tool for
the experiment.

6.3 Future Work

As previously stated, the designed and developed e-Review tool was created to accommodate
multiple reading techniques during a requirement review session. However, the researchers did not
concentrate on using various reading techniques simultaneously for this experiment. We plan to be
able to investigate the tool's effectiveness in a requirement review context in the near future. The
researchers also plan to keep assessing the e-Review tool's efficacy and usability in further work. In
addition, there is also a possibility to address any cultural differences that might give an impact to
how reviewers provide their feedback during requirements review sessions, which was inspired by a
work, which explores the cultural differences in another domain such as in Wang et al., [25].
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