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Abstract
Context: Automated acceptance tests have become a core practice of agile
software development (e.g. Extreme Programming). These tests are closely
tied to requirements specifications and provide a mechanism for continuous validation of software requirements. Software reuse has evolved with
the introduction of each new reusable artefact (e.g., reuse of code, reuse of
frameworks, tools etc.). In this study, we have investigated the reusability
of automated acceptance tests keeping in view their close association with
requirements.
Objective: This study attempts to address the following aspects: (i) what
important reuse characteristics should be considered when measuring
reusability of automated acceptance tests? (ii) How reusability can be measured in automated acceptance tests? And (iii) how cost avoided through
reuse of automated acceptance tests can be calculated?
Method: We have used a combination of research methods to answer different aspects of our study. We started by identifying reusability related
characteristics of software requirements, with help of systematic literature
review (SLR). Later, we identified the reusability related characteristics of
defect reports. After identifying the characteristics from the previous two
studies, we used these characteristics on two case studies conducted on
Behaviour driven development test cases (i.e., acceptance tests of textual
nature). We proposed two approaches that can identify reuse potential of
automated acceptance tests and evaluated these approaches in the industry. Later, to calculate the cost avoided through reuse, we proposed and
evaluated a method that is applicable to any reusable artifact.
Results: The results from the SLR shows that text-based requirements
reuse approaches are commonly used in the industry. Structuring these
requirements and identifying the reusable requirements by matching are
the two commonly used methods for enabling requirements reuse. The results from industrial experience report indicates that defect reports can be
formulated in template and defect triage meetings can be used to identify
important test cases. The results from these two studies were considered
when identifying approaches to measure reuse potential of BDD test cases.
The two proposed approaches; Normalised Compression Distance (NCD)
and Similarity Ratio, for measuring reuse potential were evaluated in the
industry. The evaluation indicated that similarity ratio performed better
than the NCD approach, however, the results from both approaches were
comparable with the results gathered with the help of expert analysis.
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The cost related aspects of reusable acceptance tests were addressed and
evaluated using a method that calculates the cost-avoidance through reuse.
Conclusions: The evidence from this study shows that the automated acceptance tests are reusable, similar to text-based software requirements
and their reuse potential can be calculated. The industrial evaluation of
the three studies shows that the overall results are applicable to the industry. However, further work is required to evaluate the reuse potential of
automated acceptance tests in different contexts.
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1

Introduction
1

overview

The Oxford dictionary defines “Automation“ as “The use or introduction of automatic equipment in a manufacturing or other process or facility“ [25]. This term is derived from the basic form “automatic“ that represents a device or process that can work by itself with minimal human
involvement. Tasks that are repetitive and monotonous are automated in
order to reduce the mistakes and spend the saved effort on other things
that are dependent on human creativity. Software testing has borrowed
the concept of automation in order to avoid performing repetitive tasks
and let the resources spend time on other creative [1].
Software testing plays an important part in software development and
even with the advent of new technologies and process the importance of
software testing remains unchanged. A vital part of software testing is to
verify that already developed features (based on agreed requirements) of
a product are not affected by the new changes in the code i.e., regression
testing [2]. Each test-case is executed against every new code change (e.g.,
in a new release or in a new code commit) and results are analyzed to
identify any potential issues that may be the result of un-intended changes.
The repetitiveness related attribute of regression tests and unit tests can
be addressed with the help of test automation [3]. Regression testing in
agile development methodologies (such as XP) is often implemented in the
form of acceptance tests [27]. An acceptance test is used to verify a user
story in agile development methodologies and each test verifies unique
scenarios associated with a user story [28] [27]. These tests are automated
as part of build cycle and these are executed at different levels of software
development lifecycle e.g., functional testing, user acceptance testing.
The automated acceptance tests are derived from the customer requirements and the focus of these tests is to verify the completeness of the implementation of requirements [26]. These tests describe the functional aspects
of a corresponding user story and provide early feedback and reporting
to the customer. Software practitioners have used various tools and technologies to develop these tests e.g. Cucumber, robot framework and FitNesse. These tools support various approaches for writing automated ac-
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ceptance tests e.g. behavior driven test-cases, story-driven test-cases, and
key-word driven test-cases. Software practitioners, when using these approaches, write their test-cases in textual / human readable format instead of
programming code. The textual nature of these automated acceptance tests
differentiates these test cases from the conventional code based test-cases,
thus requiring a different approach for the analysis of reusability.
Software reuse is termed as a way to improve productivity and quality
of a software [11]. Software reuse can help in using the solution of similar problems in other scenarios, thus reducing the time to develop and
increasing quality. Initially, when the term reuse was created it was associated with code based artifacts only. However, with changing technologies and approaches, the reusable artifacts are changed as well. There is
a continuous need to explore the reusability aspects of newly introduce
artifacts. The concept of text based automated acceptance tests is new and
reusability of these test-cases is not explored yet. The aim of this thesis to
investigate the reusability in automated acceptance tests with respect (i) to
identification of reusability related characteristics of automated acceptance
tests, (ii) to propose and evaluate approaches that can measure reusability
of acceptance tests, (iii) industrial evaluation of these approaches, and (iv)
to identify the economic impact of reusability of acceptance tests.
We start this study by investigation the reusability related characteristics
of software requirements as acceptance tests are closely related to software
requirements [26]. The next step was to evaluate the reusability related
characteristics of defect reports in order to identify if acceptance tests can
automate the testing of corrections by using the defect reports as test-cases.
We used defect triage meetings and introduced defect report templates
to analyse these characteristics of defect reports. These two investigation
studies were used as an input to formulate approaches that can assess the
reusability in acceptance tests. In the last step, keeping in view the needs

Figure 1.1: Overview of the study
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1
of the organizations to measure the economic impact of reusability in acceptance tests, we have attempted to provide a measure that can calculate
the cost avoided by reusing acceptance tests. The overview of this study is
described in Figure 1.1.
This chapter (Chapter 1) starts by describing the background and related
work on automated acceptance test and reuses aspects of automated tests.
Later, the research objectives, research questions, and overview of different chapters are provided. Chapter 1 concluded with the discussion on
important findings and future work. Chapter 2 describes a systematic literature review on requirement reuse approaches. Chapter 3 describes an
industrial experience report on defect triage and reuse of software defect
reports. We proposed and evaluated two approaches that can identify the
reuse potential of automated acceptance tests in Chapter 4. As pointed
by previous studies, economic aspects of test automation are difficult to
calculate by the practitioners, we propose a generic way of capturing cost
avoidance through reuse of any software artefact, that thus could also be
equally applied to acceptance tests.
2

background and related work

This section discusses the background work related to the topics covered
in this study. Important findings that are strongly related to the topic of
this study are highlighted in each of the respective section.
2.1 Automated Acceptance Tests
Acceptance tests are used to determine if a system performs according
to the contractual requirements. The emergence of agile practices and agile software development processes, such as Extreme Programming (XP),
place a great emphasis on automated acceptance tests. One of the outcomes of a literature review on automated acceptance testings, performed
by Haugset and Hanssen, was that the acceptance testing is an early and
immature field [4]. According to the authors, the field is still developing
and considerable work is required in this area. The main result of the literature review suggests that the requirements in the form of acceptance
tests can help a great deal during the development of acceptance tests. Another important finding was related to the proneness of acceptance tests
to false negatives. The literature review concludes by stating the need to
investigate different aspects of acceptance tests such as maintenance, cost
benefits and feasibility to develop the test base rapidly. Finsterwalder discusses what and how to automate GUI based acceptance tests when using
Extreme Programming (XP) [5]. According to Finsterwalder, the automated
acceptance tests should be aimed for GUI when the application is mature
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and there the interfaces are less prone to change. Only the most important
tests should be automated that involves graphical interfaces. He also proposed not to extend the test tools if it cannot handle a certain type of GUI
widgets. Liebel et al. found that automated GUI-based acceptance tests are
not often used in the industry and identified important limitations regarding this finding such as lack of good testing tools and lack of customer
involvement [35].
El-Attar and Miller described the use of acceptance tests in an agile
method i.e., V-model and describe an industry case-study of using acceptance tests from requirements [6]. The industrial case mentioned in the
study identified three main factors acceptance tests are dependent on: (i)
the availability of a high level description of requirements in natural language (ii) the quality of Use-case extracted from the requirement and, (iii)
the experience and proficiency of practitioners writing the acceptance testcases. The study demonstrates that acceptance tests are not limited to specific development models and these tests can be utilized in other development models as well.
The acceptance tests, extracted from the requirements, can be used inside organisations to communicate the implementation between different
developers. Melnik and Maurer describe the use of acceptance tests for
specifying the requirements of a system to be developed by the students
of a course [7]. They found that the automated acceptance tests were easy
to understand and to develop by the students, without prior experience
of using these tests. Save et al. describe the benefit of using the automated
acceptance tests and claim that these tests helped the subjects in producing
high-quality code (i.e., fewer defects) that matches the customer’s requirements [8]. However, the author’s emphasis the need of more work required
in the field of automated acceptance testing.
Emery describes an industrial experience of using acceptance tests and
the pitfalls of acceptance tests [9]. According to him, the acceptance tests
can be effective if there are fewer duplications and less effort is required
for maintenance of the test cases. Haugset and Stalhane described the relation of requirements engineering practices and acceptance tests [10]. They
claim that the since acceptance tests and requirements engineering use customer perspective to define the behavior of the system, therefore, these two
are closely related [10]. However, they claim that there are not enough empirical studies to evaluate the claims using acceptance tests as requirement
engineering practice.
2.2 Reuse in Automated Tests
The reuse of test artifacts (such as automated tests, documentation, testcases) is closely linked to one of the goals of reuse i.e., quality of software.
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Previous research has explored various aspects of reuse in software testing [11] [12]. Reuse of test artifacts can be an important part of an organization’s test strategy [13] [14]. This can reduce the effort spent on writing new
tests and reducing the maintenance costs. Flemstrom et al. claim that an
organization can avoid re-work, reduce the complexity of the test case base
and increase the quality of test-cases with the help of reuse [13]. Berner et
al. provide guidelines on automating test-cases by using a tests strategy
that can yield benefits for the organization [14]. Furthermore, Berner et
al. described the issues related to the maintenance of automated test-cases.
The authors highlighted the importance of missed reuse opportunities on
the maintenance of test-sets. According to them, tests are often repetitive
and this repeatability of tests should be addressed by reusing test-artifacts.
Tiwari and Goel identified various reuse-oriented test approaches that
can help in reducing the effort spent on testing [15]. The authors identified seven approaches (Domain Based Testing, Model Based Testing, Test
Patterns, Test Frameworks, Built-in-Tests, Software Testing Environments,
Reuse in Test Development Process) that utilize the reuse potential of artifacts, processes, and models to reduce the effort spent on testing a software.
Kasurinen et al., in their study on test automation, claim that reuse is feasible and effective when the size of the project is large [16]. The authors
further explain that in order for reuse to become effective the level of reuse
should be high. Janice and Atkinson suggested an automated method that
facilities test developers by recommending the artifact that can reuse them
for a specific problem [17].
In short, previous research studies have shown that reuse of automated
tests is important and further research work is needed to analyse this area
[13] [15]. This study is an attempt to expand the knowledge on reuse potential of automated acceptance tests and the study suggests methods that
can measure reuse potential and a method to calculate the costs avoided
by reusing of test artifacts.
2.3 Economics of Reuse in Test Automation
Both, reuse and test-case automation, attempts to reduce the duplicate
effort and combining the two (reuse and test-case automation) can help
in greater cost benefits for the organizations. Jones identified test-cases
as an artifact with good return on investment (ROI) value (i.e., exploitation of reuse potential) when reused to larger extent and he claims that
investment is required before expecting positive gains from the reusable
test artifacts [18] . The economics of test automation has often baffled the
practitioners and the organizations have lost considerable costs due to test
automation [18] [19]. Person and Yilmazturk identified common pitfalls
related to test-automation and identified that lack of existing artifacts as
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of one of the pitfalls of test-automation [19]. To address such a pitfall, organizations can reuse the existing similar artifacts to address this pitfall
when developing new test-cases for regression testing [19]. Karhu et al., in
their empirical study on test automation, describe reuse as a key approach
in order to maximise the benefits of test-automation [20]. They observed
from different industrial cases that reuse in test-automation is vital for
long term cost benefits and organizations suffer economically because of
the lack of reuse. Kaner, in his study on test automation, suggests the importance of reuse by advising to avoid creating large test-cases that cannot
be reused [21]. According to the author, test-automation is justifiable if the
test-case and tasks related to automation are smaller.
The main benefits of reuse are the costs that organizations can save
or costs that organizations can avoid, based on the perspective which is
selected for the analysis [22]. The newly automated test-cases, when developed from existing test-case base requires identification, modification
and then reusing the test artifact. Poulin categories the reuse cost models into three groups (i) Return on Investment models, (ii) Cost Benefit
Analysis models and, (iii) Cost Avoidance (CA) models [23]. The reuse of
automated test-cases can be seen as a way of avoiding costs i.e., spending
that would have increased in the absence of the existing test-case base, instead of viewing it as cost saving activity. Studies have shown that most of
the reuse takes place in the form of ’ad-hoc reuse’ and it is hard to capture
in advance the costs spent on reusing a test-artifact [24]. Therefore, in our
view, cost avoidance models are better suited to identify the costs avoided
through reuse of automated test-cases. The systematic literature review,
performed as part of this study, fails to identify any empirical study. We
have proposed and empirically evaluated a method that can calculate the
cost avoidance through reuse of automated tests.
3

research gaps

The research gaps addressed in this thesis are given below:
• Gap 1: There are limited studies present on reuse related aspects
of automated tests. These studies are dependent on the type of the
reusable artifact that is used in the study and these are not applicable over different reusable artifacts e.g. code artifacts are different
from textual artifacts, see Table 1.1. This thesis attempts to identify
the important characteristics (e.g. ease of use, impact on maintenance
etc.) associated with reusability in acceptance tests. These characteristics can provide help in identifying an approach that can help in
measuring the reusability in automated acceptance tests.
• Gap 2: The core of this thesis work is to identify a method (or methods) that can assess reusability in automated acceptance tests. To the
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Table 1.1: An overview of differences between code artifacts vs textual artifacts.
Available = , Not available = 5.

D

Artifacts attribute

Code artefact

Natural Language

5

Can reuse text from requirements

5

Modularity
Parametrization

D
D

Text artefact

D
D
5
5

best of our knowledge, there is no previous work done to address
this issue. There is need to address this gap in the knowledge and
define an approach that is useful in the context of automated acceptance tests (i.e., textual in nature). This thesis is an attempt to propose
an approach (or approaches) that can be used to identify reusability
of acceptance tests.
• Gap 3: Software practitioners described the lack of measures, to evaluate the economic impact of test automation, as one of the challenges
faced by them (See Section 2.3). Since acceptance tests are textual in
nature and calculating the costs associated with the automated acceptance tests can be cumbersome. Therefore, there is a need to assess
the measures that are used to calculate costs related to test automation and find a measure that is more suited for acceptance tests without dependence on a specific type of artifact (e.g., code, text etc.).
4

research objectives and research questions

4.1 Objective One: To identify important characteristics (types of artifacts, types
of approaches) related to reusability of automated acceptance tests
To address this research objective, following research questions were formulated.
• What are the different software requirements reuse approaches present
in literature? The answer to this question will provide us a list of requirements reuse approaches and their characteristics.
This question is further divided into following sub-questions.
– How have the requirements reuse approaches identified in RQ1
been evaluated, and what was the outcome?
– What was the rigor and relevance of empirical studies on requirement reuse approaches?
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– What important information (coming from defect triage meetings) present in the defect reports can be used as a test-case, in
real industrial settings?
4.2 Objective Two: To assess reusability of automated acceptance tests based on
the feedback from previous objectives.
To address this research objective, following research questions were formulated.
• How can the reuse potential in automated acceptance tests (i.e., Behavior driven development test cases) identified? This question is
further divided into following sub-questions.
– How do these approaches perform with respect to measuring
reuse potential in an industrial context?
– What conclusions can be deduced from analysis of case studies
with respect to reuse potential in BDD?
4.3 Objective Three: To evaluate a measure suitable for performing the costbenefit analysis of automated acceptance tests.
• Which studies describe a solution to calculate the cost avoided through
reuse in a direct way? This question is further divided into following
sub-questions.
– How can reuse cost avoidance be measured in an artifact-independent
method, suitable for automated acceptance tests?
– What can important lessons be learned from the industrial evaluation of an artifact-independent cost avoidance method?
5

research methods

A variety of research methods were used based on the needs and requirements of different studies. The research methods were selected after careful deliberations with the fellow researchers and involved qualitative and
quantitative methods e.g., a case study for exploratory study, action research for implement and evaluation of solution. Easterbrook et al., proposed guidelines that can be used to select empirical research method,
these guidelines were taken into account when selecting the appropriate
research method [33]. An overview of the research methods used in each
study and industrial evaluation is shown in Table 1.2.
The following sections discuss each research method and provide details
of motivation, advantages/disadvantages, data collection and industrial
settings related to each study.
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Table 1.2: An overview of research methods and corresponding chapters.

Chapter

Research
Methodology

Industrial
Evaluation

Quantitative Qualitative

Chapter 2

Systematic
Literature
Review

No

Yes

Yes

Chapter 3

Industrial
Experience
Report

Yes

No

Yes

Chapter 4

Case-study

Yes

Yes

Yes

Chapter 5

Systematic
Literature Review + Action
Research

Yes

Yes

Yes

5.1 Systematic Literature Review
Systematic literature reviews are used to identify, gather and analyze the
rigorous and high quality studies, the results of which can be used for evidence based decision-making [29]. Kitchenham et al., described systematic
literature reviews as a mean of summarising the existing results, identifying research gap in the existing knowledge and positioning new research
activities [30]. In software engineering, systematic literature reviews are often used to summarise the existing knowledge and provide a background
on a topic before proposing new findings. Previous research has provided
two established guidelines for conducting the systematic literature reviews,
by Kitchenham and Charters [30], and by Wohlin [31]. In two of our studies, present in Chapter 2 and Chapter 5, we have used systematic literature
review to identify, gather and analyze the research topics. The results of
these systematic literature reviews were used as an evidence to support
our proposed approaches.
In Chapter 2, we have attempted to gather all the requirement reuse approaches that are present in scientific literature. This systematic literature
review, in Chapter 2, was conducted using the guidelines proposed by
Wohlin [31]. We identified sixty-nine requirements reuse approaches and
then analyzed characteristics of these approaches. The detailed results and
discussion are present in Chapter 2.
In Chapter 5, we have conducted a systematic literature review to identify studies that discuss cost-avoidance through reuse. We have used the
guidelines proposed by Kitchenham and Charters [30] and identified three
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primary studies that match the inclusion/exclusion criteria of systematic
literature review. The detailed results and discussion are present in Chapter 5.
5.2 Case-study
A case study is described as a research method that attempts to study,
describe and analyze phenomena in its natural setting [32]. A case study
is a detailed study of a particular situation and the aim is to understand
the situation in its context and setting. One of the important things about
case study is that it attempts to explain the results based on observations,
qualitative measures and it is flexible enough to provide interesting results.
A case study is limited by the setting and context in which the study takes
place, hence it has lower generalizability [32]. We selected case study as a
research method for exploring the reuse potential as it is considered useful
in exploratory studies and the method is concerned with how and why [33].
During our study, we have used triangulation with both qualitative and
quantitative data to assess the outcomes.
In Chapter 3, we have conducted two case studies and identified the
reuse potential in automated acceptance tests. These exploratory studies
were conducted on sets of industrial test-cases and results from case studies were compared with the experienced practitioners. The methodology,
context, and findings of the study are described in Chapter 3.
5.3 Action Research
Action research provides a mechanism where a researcher can participate
in the settings in order to observe, influence and analyze the impact of phenomena. According to Easterbrook et al., a problem owner should be part
of the setting he is trying to influence, in order for a research to be called
action research [33] and the knowledge gained is important for the organization. Gorschek et al. proposed a technology transfer model that can help
in applying the results of industry-academia collaboration in the industry [34]. The model is closely associated with the action research methodology and provides a detailed outline of applying the proposed change in
the industry. We have utilized this technology transfer model to implement
and evaluate the solution in the industry.
In Chapter 5, we have proposed a method and guidelines to measure
cost avoidance through reuse. This method and guidelines were evaluated
in the industry using the technology transfer method, while the author
was actively involved as an action researcher. The details of this evaluation
are present in Chapter 5.
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5.4 Industrial Experience Report
The industrial experience report followed a flexible and lenient approach
towards research method. The aim was to investigate and identify the findings based on the first-hand experience of the author. No formal research
method was selected, however, the execution and reporting of the results
can be categories as a lenient variant of action research. The ambition of the
report was to describe the context and setting of the industrial experience
as well as the opinion of the author.
The detailed experience report is present in Chapter 3.
6

overview of the chapters

This section describes the brief overview of each chapter and narrates the
objective, research method used, results and important findings of each
study.
6.1 Chapter 2: A Systematic Literature Review of Software Requirements Reuse
Approaches
Early software reuse is considered as the most beneficial form of software
reuse. Hence, previous research has focused on supporting the reuse of
software requirements. This study aims to identify and investigate the current state of the art with respect to (a) what requirement reuse approaches
have been proposed, (b) the methods used to evaluate the approaches, (c)
the characteristics of the approaches, and (d) the quality of empirical studies on requirements reuse with respect to rigor and relevance. We conducted a systematic review and a combination of snowball sampling and
database search have been used to identify the studies. Rigor and relevance scoring rubric has been used to assess the quality of the empirical
studies. Multiple researchers have been involved in each step to increase
the reliability of the study. Sixty-nine studies were identified that describe
requirements reuse approaches. The majority of the approaches used structuring and matching of requirements as a method to support requirements
reuse and text-based artefacts were commonly used as an input to these
approaches. Further evaluation of the studies revealed that the majority of
the approaches are not validated in the industry. The subset of empirical
studies (22 in total) was analyzed for rigor and relevance and two studies achieved the highest score for rigor and relevance based on the rubric.
It was found that mostly text-based requirements reuse approaches were
validated in the industry. From the review, it was found that a number
of approaches already exist in literature, but many approaches are not
validated in industry. The evaluation of rigor and relevance of empirical
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studies show that these do not contain details of context, validity threats,
and the industrial settings, thus highlighting the need for the industrial
evaluation of the approaches.
6.1.1 Important Results regarding reuse of automated acceptance tests:
The two most important findings that are relevant to this thesis are:
• Text based requirements can be reused and empirical evaluation
shows the success of such approach.
• Matching and Structuring are the common ways to categorize and
describe the reusable requirements.
6.2 Chapter 3: Defect Triage Meetings: Challenges and Lessons Learned
Defect triaging is a process of determining the relevance, severity, priority
and information requisites of a defect, prior to its addition in development
backlog. A defect triage meeting is a forum where the triaging of defects
takes place. This report describes an industrial experience of conducting
defect triage meetings and challenges associated with these meetings. The
industrial report narrates the context, challenges, solutions and the lessons
identified during the execution of the industrial project. We have found
that three major challenges associated with the triage meetings are (i) focusing on relevant aspects i.e. defect triaging, (ii) conflict resolution regarding
the validity, priority and quality of defect reports, and (iii) confusion over
the delegation of duties. We have provided guidelines that can help in overcoming these challenges and based on the evaluation of these guidelines
important lessons are identified and described in this experience report.
6.2.1 Important Results regarding reuse of automated acceptance tests:
The two most important findings that are relevant for this thesis are:
• Defect triaging helps in identification of important test-cases that can
be automated, therefore triaging should be made an integral part of
automated acceptance test process.
• Defect reports can be reported in pre-defined structured format,
agreed upon by all the stakeholders. Any defect report not fulfilling the criteria can be rejected during triage process.
6.3 Chapter 4: Reuse Potential in Behavior Driven Development: An Exploratory
Study
The reuse potential describes the unexploited reuse opportunity that is
present in any software artefact. Identification of reuse potential helps in
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a variety of software engineering problems such as refactoring, reverseengineering, reuse etc. Behavior driven development (BDD) is a variant
of test driven development, where the test cases are written in structured
form describing the Behavior of the system. This study aims (a) to propose
an approach that can assess the reuse potential in Behavior Driven Development (BDD) test-cases, (b) to evaluate the proposed approach in the
industry, and (c) to provide feedback on the reuse potential of BDD test
cases. We conducted two industrial case studies on BDD test-cases (72 and
15 test-cases) belonging to different contexts. We have evaluated the use of
normal compression distance to measure the reuse potential of BDD test
cases. Furthermore, we have proposed and evaluated a metric, Similarity
Ratio, that can identify and classify the reuse potential of BDD test-cases.
These two methods were compared and important findings were listed.
The results show that both NCD and Similarity Ratio metric performed
well during the industry evaluation and similar test-pairs were correctly
identified by both approaches when compared with the similar pairs identified by practitioners. A comparison of results from both methods showed
that similarity ratio performed marginally better than the NCD. The industrial evaluation shows that there is a reuse opportunity present in the BDD
test-cases. Furthermore, the industrial evaluation of proposed approaches
shows that NCD and similarity ratio can identify the reuse potential of
BDD test cases, however there is a slight chance of false positives in case
of NCD. The ease of use and simplicity of the approaches meant that these
can be easily used and understood by any practitioner, as shown by the
feedback.
6.3.1 Important Results regarding reuse of automated acceptance tests:
The four most important findings that are relevant for this thesis are:
• There is a reuse potential present in acceptance tests (BDD-based)
and this reuse potential can be identified, visualised and utilized.
• A technique based on match (i.e, similarity ratio) can identify and
quantify the reuse potential of an automated acceptance test-case
base.
• Normalized compression distance can also be used to identify and
quantify the reuse potential of an automated acceptance test-case
base.
• The two proposed approaches (similarity ratio and NCD) have proven
to be effective when compared with the results from the analysis of
domain experts.
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6.4 Chapter 5: Capturing Cost Avoidance through Reuse: Systematic Literature
Review and Industrial Evaluation
Cost avoidance through reuse shows the benefits gained by the software
organisations when reusing an artefact. Cost avoidance captures benefits
that are not captured by cost savings e.g. spending that would have increased in the absence of the cost avoidance activity. This type of benefit
can be combined with quality aspects of the product e.g. costs avoided
because of defect prevention. Cost avoidance is a key driver for software
reuse. The main objectives of this study are: (1) To assess the status of capturing cost avoidance through reuse in the academia; (2) Based on the first
objective, we propose improvements in capturing of reuse cost avoidance,
integrate these into an instrument, and evaluate the instrument in the software industry. The study starts with a systematic literature review (SLR)
on capturing of cost avoidance through reuse. Later, a solution is proposed
and evaluated in the industry to address the shortcomings identified during the systematic literature review. The results of a systematic literature
review describe three previous studies on reuse cost avoidance and show
that no solution, to capture reuse cost avoidance, was validated in industry. Afterwards, an instrument and a data collection form are proposed
that can be used to capture the cost avoided by reusing any type of reuse
artefact. The instrument and data collection form (describing guidelines)
were demonstrated to a focus group, as part of static evaluation. Based
on the feedback, the instrument was updated and evaluated in industry
at 6 development sites, in 3 different countries, covering 24 projects in
total. The proposed solution performed well in the industrial evaluation.
With this solution, practitioners were able to do calculations for reuse costs
avoidance and use the results as decision support for identifying potential
artefacts to reuse.
6.4.1 Important Results regarding reuse of automated acceptance tests:
The two most important findings that are relevant to this thesis are:
• Cost-avoidance can be measured for any type of reusable artifact,
hence the approach can be utilized on automated acceptance tests.
• Guidelines are provided to collect the relevant metrics for calculating
the cost avoidance through reuse of any type of artifact.
7

proposed integrated solution

From the four studies, conducted as a part of this thesis, we have formulated an integrated solution to assess the reuse potential of automated
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Figure 1.2: Overview of proposed integrated solution

acceptance tests. The integrated solution consists of four phases and the
solution takes into consideration the results from four studies.
Figure 1.2 describes the overview of our proposed integrated solution.
The description of four phases is given below:
7.1 Phase 1: Initiation
The initiation phases start with the identification and analysis of automated acceptance test base. The purpose of this phase is to prepare a set
that can be used to assess reuse potential. In Chapter 2, we have found
that the document examination is a preferred way to analyze reusable requirements. A similar approach can be used with acceptance tests as well
to sort, prepare and identify the potential candidates for reuse. The structuring and matching based approaches are selected that can be applied on
text-based artefacts. The resulting output of this phase is a set of test cases,
where each test-case is present in a uniquely named file (e.g., 1.txt, 2.txt).
This phase is based on the results of study 1 (in Chapter 2) and study 2 (in
Chapter 3).
7.2 Phase 2: Execution
In the execution phase, the automated approaches to calculate the reuse
potential of test base are applied. These automated approaches are (i) normalized compression distance (NCD), and (ii) similarity ratio, as discussed
in Chapter 4. The approaches are automated using scripting languages and
the execution takes place on the set of test cases from phase 1. The result-
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ing output of this phase is a set of calculated NCD and similarity ration
values. This phase is further elaborated and discussed in study 3 (Chapter
4).
7.3 Phase 3: Outcome
After obtaining the pair-wise NCD and similarity ratio values for each testcase pair, the next phase is to analyze and evaluate the pair-wise values.
For this phase, Excel sheet or a statistical programming language (e.g., R
language) can be used to (i) categorize the NCD and similarity ratio values
into four partitions (ii) analyze these partitions, and (iii) extract the sets
with highest reuse potential and the sets with lowest reuse potential. The
outcome of this phase is set of automated acceptance tests that are either
closely similar or very different from the rest of the test-base i.e. assessment
of reuse potential. This phase is further elaborated and discussed in study
3 (Chapter 4).
7.4 Phase 4: Economic Consideration of Reuse Potential
To address the concerns related to the economics of automated tests and
reuse, the final step in the integrated solution involves the calculation of
cost avoided through reuse. During this step, practitioners can calculate the
costs that can be avoided through reuse (e.g., by combining similar tests)
of automated acceptance tests. The proposed method, in Chapter 5, and
its evaluation shows that the method to calculate cost avoidance through
reuse can be applied to any type of artefact such as code, text, environment
etc. This phase is further elaborated and discussed in study 4 (Chapter 5).
8

conclusions and future work

Software reuse has evolved with the introduction of new artifacts and approaches in software engineering. With the introduction of each new software artifact, it is required that it’s reusability should be assessed. The
analysis of reusability of an artifact requires an in-depth analysis on the
format of the artifact, on its adaptability and the economics of its reusability. Acceptance tests are one such artifact that is relatively new but getting
popular as part of Agile practices (e.g., Extreme Programming). The purpose of the acceptance tests is to identify and evaluate the compliance of
software system to the agreed requirements. These tests are created from
the defined user stories (extracted from the requirements) and often a single test validates a single use case. To gain productivity and quality, these
acceptance tests are automated and integrated as a part of software development methodologies (Behavior driven development, story-driven devel-
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opment etc.) and these tests are executed as a part of daily build or unit
tests. These automated tests are often written as non-code tests to facilitate communication between different stakeholders. The non-code (often
textual) nature of these tests requires investigation on how to enable reuse
and to investigate if the reuse is cost effective or not.
This thesis contributes to the knowledge of reuse in automated acceptance tests: (i) by identifying the reuse related characteristics of automated acceptance tests, (ii) by identifying approaches that can measure
the reuse potential of automated acceptance tests, (iii) by evaluating these
approaches in the industry and comparing the results with experts, and
(iv) to identify the cost benefits of non-code artefacts and evaluating the
economics of non-code reuse artefacts. These particulars of reuse in automated acceptance tests were studied with the help of four independent
studies. These studies are submitted at different academic forums and two
of the studies are already published.
We start by investigating the reuse related characteristics of automated
acceptance tests and try to verify if the non-code artifacts (e.g. text documents) can be reused. For this purpose, we conducted a systematic literature review that identified and synthesizes the requirement reuse approaches. The textual nature of requirement documents and its direct relation with the automated acceptance tests provides the motivation to use
requirements as a starting point of investigation on reuse of automated
acceptance tests. The study followed the systematic literature review (SLR)
guidelines and identified sixty-nine approaches that can reuse software
requirements. These studies were then analyzed and salient characteristics (such as the type of artifacts, product line support, tool support etc.)
were extracted from the studies. Later, the subset of empirical studies
from the sixty-nine studies was analyzed for rigor and relevance, based on
the defined rubric. We found that majority of the empirical studies used
text based reusable artifact and use structuring and matching to identify
reusable artifacts. These results were useful in motivating that automated
acceptance tests can be reused regardless of their non-code nature. In the
second study, we investigated if the defect reports can be formulated in
a specified structure ( i.e., result from the first study) and if organizations
find this structuring useful. The results from the study proved that it is possible to define a defect report in a specified structure and that structured
defect report can be reused as per the results from the previous study.
Next step was to identify a method that can measure the reuse potential
of automated acceptance test-base. Our ambition was to find such method
that can be automated and that can be easily applied on test sets. For
this purpose, we propose two methods: Normalized compression distance
(based on compression) and Similarity Ration (based on "matching" as per
results of study one). These two methods were applied on test base and
results were compared with the results of practitioners. We found that sim-
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ilarity ratio performed better than the NCD when identifying the reuse
potential. We discovered some false negatives (dissimilar) test-case pairs
that have higher NCD values (less similar) even though these have higher
similarity ratio value (high similarity). We found the comparison results
useful and concluded that these two methods can measure the reuse potential of automated acceptance tests (in BDD based test-cases).
The final study was aimed at identifying and evaluating a method to
measure the benefits of automated acceptance tests. We believe that cost
avoidance is one such method that should be used to measure the costs
avoided with the reuse of automated test cases. We start by investigating
the existing methods that can calculate the cost avoidance through reuse.
We performed a systematic literature review and identified three studies
that match the criteria. The analysis of the three studies showed that the
approaches present in the studies are either specific to code reuse or the
approach is based on complex metrics. We then proposed a simple but
effective instrument (method and guidelines) that can help in measuring
the cost avoided through reuse. We evaluated the proposed method on
different types of reusable artifacts and this method was introduced in the
industry.
To summarise, the evidence from different studies (empirical and nonempirical) shows that automated acceptance tests can be reused similar to
code artifacts. However, more work is required to evaluate the reuse potential of automated acceptance tests in different contexts. In future, this
thesis work will be expanded to include the following aspects: (i) to identify the skill-set required for writing good, reusable automated tests. (ii) to
apply approaches used for identifying reusable automated acceptance tests
in a different context, and (iii) to further evaluate the proposed integrated
solution.
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Systematic Literature Review
1

introduction

Software reuse describes the practice of reusing existing software artefacts
for developing a new product or maintaining an old product [70]. The field
has been the subject of research for several years and different aspects of
software reuse such as costs, artefacts, the level of reuse, stakeholders, and
reuse processes have been investigated [71] [72] [73] [74] [97]. Software
reuse can take place at any time during a project’s lifecycle starting from
the requirements analysis phase to the maintenance phase and researchers
have pointed out that the reuse in early phases of the project leads to
more benefits [73] [75]. The reuse of software requirements is one of the
approaches to enable early reuse. Software requirements contain the information on the needs of a user or the details of a contract that is formally
imposed. The reuse of software requirements has been the focus of investigations in the past and the reuse of requirements can help in two ways: (i)
reducing the time for the analysis of requirements; (ii) identifying reusable
code and test artefacts having similar requirements, thus resulting in an
early reuse i.e., early in development cycle [76] [77].
Various studies on reusing software requirements are present in the
literature [4] [42] [55]. Approaches to requirements reuse take different
forms of requirements into consideration, such as text-based requirements,
use-cases, and formal specifications. Different strategies such as variable/
configurable part of requirements or analogy based matching have been
proposed to achieve requirements reuse [19] [78]. Similarly, formal methods based requirements reuse approaches have been proposed [101]. These
approaches are applied in various different contexts and use different
reusable artifacts to increase the reusability. This study is an attempt to
identify and analyze the requirements reuse approaches present in the literature.
Empirical investigations in software engineering allow practitioners and
researchers to evaluate a solution before it is applied in real world settings.
This can help in assessing the benefits and limitations of a solution. Each
solution (a model, guideline or method) should be described with details
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that others can use to reproduce the solution. Kitchenham et al. point to
the need of improving the reporting of empirical research in software engineering and concluded that guidelines for reporting empirical research
are required [87]. Later, they have described guidelines for reporting context, design, data collection, analysis, presentation and interpretation of
results of an empirical study [87]. Mohagheghi et al. carried out a literature review of empirical studies on software reuse and found that several
studies lack information on research design, hypothesis, and research questions [74]. They found that many empirical studies lack vital information
for the readers and comprehensive discussion on the results gathered during the study. Jedlitschka et al. describe the scarce empirical studies and
lack of guidelines for reporting an empirical study [88]. Later they propose
a method for the aggregated reporting of empirical studies.
The empirical studies on requirements reuse approaches are reported
for the industry and research community. There is a need to evaluate the
quality of these studies, as is done for other software engineering fields
[87] [74] [88]. Ivarsson and Gorschek proposed a model to evaluate the
empirical studies [79]. The model helps in quantifying important aspects
of a study such as a hypothesis, research methods, subjects, context etc.
Rigor describes the way a study is carried out and reported. The relevance
describes the potential impact of the study on academia and industry. In
this case, Ivarsson and Gorschek have referred to the industrial relevance
and the studies can be evaluated based on their evaluation rubric [79]. The
results of the empirical evidence are relevant for the practitioners if they
have been obtained in a realistic context with regard to environment, subjects, and tasks [80]. Evidence based software engineering (EBSE) attempts
to help the practitioners in understanding and interpreting the results of
scientific studies i.e., finding the best questions and dissecting the available
evidence [81]. Systematic literature reviews (SLRs) are an important part
of EBSE that support the identification and synthesis of evidence. In this
study, we have utilised the systematic literature reviews for systematically
identifying and synthesizing the relevant studies. We have excluded the
studies that are on the reuse of knowledge related to requirements (e.g.,
capturing of past experiences and best practices to manage requirements)
and included the studies on reuse of requirement artefacts.
The motivation of this study was to identify and evaluate the current
state of the art for software requirements reuse approaches. We conducted
an SLR on requirement reuse approaches and performed quality evaluations of the empirical studies based on the rigor and relevance rubric [79].
The target audience of this study is practitioners and researchers who want
to evaluate the advantages and disadvantages of requirements reuse approaches. The main contributions of this study are:
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The remainder of the paper is structured as follows. In Section 3 we
describe the background and related work. The research methods used in
the study are described in Section 3 and results are described in Section 4.
Later, we discuss and analyze the findings of the study in Section 5. The
study concludes by describing the conclusions in Section 6.
2

related work

This section narrates the background and related work on requirements
reuse approaches and quality evaluation in software engineering. We have
examined previous primary, secondary and tertiary studies. A primary
study describes a new, original idea and a secondary study summarizes
existing primary studies. A tertiary literature review is a systematic study
(e.g., a literature review) of secondary studies [98]. Two tertiary studies
on requirements engineering were examined to identify any systematic
literature reviews (SLRs) on reuse of requirements [99] [100]. This section
analyzes two previous systematic literature reviews on reuse of software
requirements [76] [96] and discusses different methods for evaluating the
quality of studies.
2.1 Secondary Studies on Requirements Reuse Approaches
Several approaches exist in the literature that propose methods and guidelines for reusing requirements. These requirements reuse approaches have
tried to address the reuse problems in different ways such as analogybased reuse, viewpoints based reuse, use-cases reuse etc. These approaches
take into consideration different requirement artefacts to process information related to software requirements.
Two tertiary studies on requirements engineering were inspected to identify any previous systematic literature reviews on requirements reuse. A
tertiary study (published in 2014) by Bano et al. listed the previous systematic literature reviews (SLRs) on requirements engineering topics [99].
This study was reviewed (scanning the reference list, results and citations
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• Contribution 1: To identify requirements reuse approaches presented
in the literature. Approaches may refer to a model, method or guidelines for reusing software requirements.
• Contribution 2: Determine how requirements reuse approaches have
been evaluated (experiments, case studies etc.,) and elicit the outcomes of the evaluations.
• Contribution 3: To evaluate the quality of the identified empirical
studies based on the rigor and relevance rubric. Each empirical study
(case study or experiment) is evaluated based on the rigor and relevance criteria proposed by Ivarsson and Gorschek [79].

in Google Scholar) to identify the existing systematic literature reviews on
reuse of software requirements. The tertiary study identified one previous
SLR on reuse of requirements ([96]) and that literature review is analyzed
in Table 2.1. Another study by Babar et al., on SLRs conducted in requirements engineering (also published in 2014), was reviewed (scanning the
reference list, results, and citations in Google Scholar) to identify the SLRs
on the reuse of software requirements [100]. This study did not discuss any
existing literature reviews on reuse of requirements. Furthermore, during
the execution of this study, we have tried to locate existing systematic literature reviews on reuse of software requirements found during the forward
snowball sampling.
Limited work has been done on identifying the requirements reuse approaches present in the literature. We have found two previous studies that
have attempted to address this issue [76] [96], in a systematic way. Many
studies in literature discuss requirements reuse approaches but the identification and analysis of previous studies on requirements reuse were not
described in these studies [2] [30] [83]. In this section, we have analyzed the
two existing systematic literature reviews (SLR). These two studies were
identified during the execution of snowball sampling ([76]) and during the
review of tertiary studies ([96]).
Azambuja et al. conducted a review of the state of art in requirements
reuse approaches and identified 18 primary studies [96]. The study only
includes the articles published between 2004 - 2009. Azambuja et al. categorize these identified studies based on the research methodologies used,
the solution these studies describe and the application of these studies.
The study concludes that there are various diverse requirements reuse approaches present in literature and this diversity is a challenge for adopting
standard requirements reuse process.
Mussbacher and Kienzle reported a systematic literature review to identify articles on requirements reuse published in the Requirements Engineering Conference (RE) [76]. According to the authors, this literature review was limited to requirements reuse studies from RE Conferences [76].
The review identified sixty-nine studies that fit the inclusion criteria. That
is, the considered publications were restricted to the publication years of
1993 to 2013 and excluded text-based requirements. According to study,
there are seven types of requirements reuse methods: impact, matching,
patterns, selection, SPL, traceability, and transformation. The study further
describes the research agenda based on the results of a literature review.
A summary of the previous literature reviews is presented in Table 2.1.
The column ’Primary / Secondary Study’ describes if a study describes
new original idea (Primary study) or the study summarizes existing primary studies (Secondary study). The column ’Systematically Conducted’
describes if the study identifies existing literature using the systematic literature review guidelines. The column ’Quality Evaluation Conducted’ de-

26

2

Table 2.1: Summary of the previous studies.
Study

Objective

Primary
/
Secondary
Study

[76]

To investigate
that
requirements
reuse
requires
a
coordinated
effort spanning
the
complete
software
development life
cycle.

[96]

Review
the
state of art
in
requirements
reuse
approaches.

Systematically
Conducted

Number
of Identified
Studies

Quality
Evaluation

Inclusion Important outcomes
/ Exclusion
Criteria

Secondary Yes

69

No

No

Classifies the reuse approaches on the basis of
requirements artefacts
and the approaches
proposed. Only covers studies from RE
conferences.

Secondary Yes

18

No

No

List of reuse approaches and the types
of solution described
by the studies. Only includes studies between
year 2004 - 2009.

scribes if the quality of the results and claims of primary study are critically
analyzed using a defined criteria.
The summary of previous studies (in Table 2.1) shows that previous literature reviews discussing different requirements reuse approaches: (i) do
not explicitly describe the inclusion/exclusion criteria despite conducting
the study in a systematic way; (ii) the studies do not conduct the quality evaluation of the identified primary studies; (iii) one of the secondary
studies ([96]) only includes the studies between 2004-2009; (iv) one of the
secondary studies ([76]) only includes the studies published in the Requirements Engineering Conference and (v) the number of identified primary
studies vary among the previously conducted studies. In order to address
theses, a systematic literature review is performed in this study and quality
evaluation of empirical studies is conducted.
2.2 Quality Evaluation through Rigor and Relevance Scoring in Secondary
Studies
The research community has proposed different methods for evaluating
the quality (or impact) of a study, e.g., counting the citations, rigor, and
relevance [79] [90] [82]. However, there is no agreed-upon method to evaluate a research study. In this study, we have used the method proposed
by Ivarsson and Gorschek [79] to evaluate empirical research studies. The
strength of the quality assessment method proposed by Ivarsson and Gorschek [79] is that it takes two dimensions into consideration, namely rigor
and relevance. Rigor refers to “to both how an evaluation is performed and how
it is reported” [79]. Relevance refers to “the potential impact the research has
on both academia and industry” [79]. Sjøberg et al. highlight realistic environments, subjects, and tasks [80] as important to achieving relevant research
results, which are reflected in the assessment method by Ivarsson and Gor-
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schek. Multiple studies have utilised Ivarsson and Gorschek’s rubric and
also provided refinements (e.g., [91] [92] [93] [89]); the rubric has proven
to be useful to distinguish and categorize studies based on their rigor and
relevance in these studies.
3

research methodology

The research methodology of this study is based on various guidelines
present in the literature. We used the guidelines proposed by Kitchenham and Charters for conducting systematic literature reviews [84] complemented by the recent guidelines on snowball sampling by Wohlin [85] and
quality assessment guidelines proposed by Ivarsson and Gorschek [79].
In the following sub-sections, we have described the execution of the
steps proposed by Kitchenham and Charters to conduct the systematic
literature review [84]. The steps are: (1) define the review questions, (2)
define the need for the review, (3) identify the primary studies, (4) assess
the quality of the studies, (5) perform the data extraction, and (6) identify
the validity threats.
3.1 Review Questions
This work is based on three research questions that are linked to the contributions of this study.
RQ 1: What are the different software requirements reuse approaches present in literature? The answer to this question will
provide us a list of requirements reuse approaches and their characteristics. That is, it serves as a corpus of alternative methods to achieve
requirements reuse. (Contribution 1)
RQ 2: How have the requirements reuse approaches identified in RQ1 been evaluated, and what was the outcome? The
answer to this question shows which research methods have been used
for the evaluation. We also identify what the outcomes of the evaluation were. (Contribution 2)
RQ 3: What was the rigor and relevance of empirical studies
on requirement reuse approaches? The answer to this question
identifies the strengths and weaknesses of empirical studies. (Contribution 3)
3.2 Need for the Review
From the study of the related work we conclude that: (i) the secondary
studies describing the previous work on requirements reuse approaches
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3.3 Identification of Primary Studies
The identification of primary studies was conducted as follows:
1. Developed a start set using keywords associated with research questions.
a) Select candidates for the start set.
b) Revise the candidates based on the review and discussion between the authors.
c) Final start set is selected.
2. Developed inclusion and exclusion criteria.
3. Author one performed backward and forward snowball sampling on
each study in the start set, based on the inclusion criteria.
a) Screened all the titles of studies in the snowball sampling and
tracked these with the help of a spreadsheet (Excel).
b) If the title of any study was not conclusive, then the abstract was
read before accepting or rejecting the study.
c) If the abstract was not conclusive then the conclusion was read
before accepting or rejecting the study.
d) In few cases where the conclusion was ambiguous then the complete study was read before accepting or rejecting the study.
4. Author one performed the same procedure during each iteration until the final list of studies was obtained i.e., no new studies were
found.
5. The second author performed a sanity check on the randomly selected studies from a set containing accepted and rejected studies.
6. The second author performed a database search to increase the confidence in the snowball sampling procedure, described in Section 3.3.4.
We aimed to find the requirements reuse approaches described in the
literature. Database search and snowball sampling are two well-known
methods for identification of literature studies [84] [85]. Badampudi et
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have not reported the methodology used for carrying out the study; (ii)
the studies that discuss the requirements reuse approaches have not assessed the quality of the research on requirements reuse approaches; (iii)
the requirements reuse approaches are seldom evaluated in an industry
setting as reported by the studies [76] [94]. To address (i) and (ii) we conducted a systematic review and utilised the evaluation rubric by Ivarsson
and Gorschek to assess the quality of primary studies [79]. To address
(iii) we highlighted those studies evaluated in an industry and provide an
overview of the evaluation results for each study.

Table 2.2: Start Set For Snowball Sampling

No Articles in Start Set

Search Term Used in
Google Scholar

i

A practical approach to requirements reuse
in product families of on-board systems.
[S4] [4]

Requirements and reuse.
No filter.

ii

A systems approach to product line requirements reuse. [S8] [8]

Requirements and reuse.
No filter.

iii

An integrative Approach to Requirements
Analysis: How task models support Requirements reuse in user-centric design
framework [S13] [13]

Requirements and reuse.
No filter.

iv

Analogical reuse of requirements frameworks. [S14] [14]

Requirements and reuse.
No filter.

v

Evaluation of a Systematic Approach to Requirements Reuse. [S17] [17]

Requirements and reuse.
No filter.

vi

Reuse of Requirements reduced time to
market at one Industrial Shop: A case Study.
[S41] [41]

Requirements and reuse.
No filter.

vii Sharing And Reuse
Knowledge. [S49] [49]

Of

Requirements

Requirements and reuse.
Filter "before 1992".

viii Supporting reusable use cases. [S56] [56]

Use cases and reuse. No
filter.

ix

Ten Steps Towards Systematic Requirements Reuse. [94]

Requirements and reuse.
No filter.

x

Identified Adjustability Dimensions when
Generating A Product Specific Requirements Specification by Requirements Reuse
[95]

Requirements and reuse.
Filter "since 2014".

xi

Systematic Review of Requirements Reuse
[96]

Not searched. Authors
were aware of this SLR
from [99].

al. claimed that snowball sampling was more effective during the identification of research studies [86]. Therefore, we decided to use snowball
sampling as the primary method to identify the studies. Database search
was also used (for a sanity check) to increase the confidence in the results
from the snowball sampling. The guidelines for conducting the snowball
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3.3.1 Develop a start set
The first phase is to identify a start set for executing the snowball sampling.
According to Wohlin, there is no agreed upon method to select the start
set but he has provided recommendations for the identification of the start
set [85]. The following criteria were used for developing the start set:
• The selected articles are from different authors.
• The selected articles are from different publication years, covering as
much time span as possible.
• The selected articles describe a study on the reuse of software requirements.
• At least one selected article is on the reuse of use-cases.
• At least one selected article contains a previous attempt at reviewing
the requirements reuse studies.
As per the guidelines to conduct snowball sampling, Google Scholar is
used for identifying and locating the articles to satisfy the above criteria
for the start set to reduce bias [85]. The keywords "Requirements", "Use
cases" and "reuse" were used to identify the initial list of articles from
Google Scholar (Search Term 1: Requirements AND Reuse, Search Term
2: Use cases AND Reuse) before the application of Wohlin’s recommendations. "Search Term 1" and "Search Term 2" were searched separately and a
preliminary set of thirty articles was selected based on both search terms.
Only the first ten pages (each page listing twenty results) of search results
from Google Scholar were examined for relevant studies during March
2016. This preliminary list was selected based on the criteria defined above
(based on the guidelines proposed by Wohlin [85]) and after reading the
articles. The first author performed these steps and a previous systematic
literature review was added to this preliminary list. Later, all the authors
reviewed the preliminary list of thirty studies (selected based on criteria)
and a mutual agreement was reached on the final start set of eleven studies.
The start set of eleven studies is listed in Table 2.2 along with the search
term used for the identification. These eleven studies were used to initiate
the snowball sampling. The first eight studies, in Table 2.2, of the start set
were part of the final list of primary studies, listed in Table 2.19. The three
articles in the start set ([94] [95] [96]) were not included in the final list of
primary studies, listed in Table 2.19, as these were not describing a requirement reuse approach (e.g., existing SLR or a study that does not propose
any requirements reuse approach). These three articles ([94] [95] [96]) were
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sampling are proposed by Wohlin [85] and have been used in several studies [109] [110].

Figure 2.1: Results of Snowball Sampling Iterations

included as part of the start set since these facilitated the identification of
other relevant studies during snowball sampling.
3.3.2 Develop Inclusion and Exclusion Criteria
The next phase was to develop inclusion and exclusion criteria to be applied on the articles found during forward and backward snowball sampling. The criteria are provided below:
Inclusion Criteria: A study is included based on the following criteria:
• Study describes a software requirement reuse approach.
• Study is published in a peer-reviewed journal, conference or workshop.
Exclusion Criteria: Studies are excluded based on the following criteria:
• Do not belong to software engineering/computer science.
• Do not discuss software reuse approaches in requirements.
• Discusses reuse of requirements knowledge but does not describe an
approach for the reuse of software requirements.
• Discusses requirements elicitation approach but does not describe
the reuse aspects in detail.
• Full text of the study was not available.
• Described in a language other than English.
• Study is not peer-reviewed.
3.3.3 Execution of the Snowball Sampling Procedure
To the start set, we applied the inclusion and exclusion criteria using forward (identifying citing articles) and backward snowball sampling (identifying cited articles). Google Scholar was used for identifying the citing
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3.3.4 Validation Through Database Search
An additional sanity check was performed by searching in the database
(Scopus) with a combination of search strings "Requirements" and "Reuse",
excluding subject areas other than computer science and software engi-
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articles. In total five iterations were performed to the point where no new
articles were found. Each article in the start set was first read in order to understand it. Later, the reference list was searched manually for references.
The first author read the title of the article and if it was deemed to be
relevant the article was included. In cases where the article’s title was not
clear, the article was downloaded and its abstract was read before making
a decision. Duplicate articles were removed at the time of recording the
relevant articles in Excel sheet. This detection and removal of the articles
were done manually. An article was only noted once in the Excel sheet and
if it appeared in other reference lists it was ignored.
It should be noted that a sanity check was performed on the execution
of the snowball sampling. An author (not part of snowball sampling) executed inclusion and exclusion criteria on a sample of 140 selected studies
(containing seventy articles selected during snowball sampling and seventy randomly selected articles identified during snowball sampling but
not meeting inclusion criteria defined in Section 3.3.2). There was an agreement on the majority of the articles that were included as a primary study
or excluded as not relevant (see Table 2.3). The remaining articles were discussed among authors and a mutual agreement was reached on disparities.
No new article was added, however one article ([76]) was excluded from
the list of primary studies and classified as secondary study. The sanity
check was found to be satisfactory and execution was checked against the
guidelines proposed by Wohlin [85]. Table 2.3 contains the results of this
sanity check where "Author 1" represents the author that carried out snowball sampling and "Author 2" represents the reviewer that performed the
sanity check.
As mentioned earlier Microsoft Excel was used for keeping track of the
snowball sampling procedure. That is, the title, authors, and the publication forum were extracted for each article selected. Every new iteration
was noted within a new Excel worksheet. The sheets were named "iteration
1", "iteration 2" etc. In this way, a traceability of the articles was possible.
When the execution of the study was complete all the articles were copied
into a single Excel sheet.
We identified 69 studies through the snowball sampling method. Five
iterations were required before reaching saturation. The numbers of studies found during each of the iteration through forward snowball as well
as backward snowball sampling are shown in Figure 2.1. The final list of
primary studies is presented in Table 2.19.

neering. The author who performed the sanity check on snowball sampling performed this step. A total of 89 studies were found in the search
result. The inclusion and exclusion criteria were applied to these studies
and fourteen (14) primary studies were identified. However, no new study
was found that was not one of the studies found by snowball sampling. It
is interesting to note that the search conducted found many of the articles
similar to snowball sampling, but not all the articles found by snowball
sampling. Badampudi et al. have described similar findings in their study
when snowball sampling outperformed database search during the identification of relevant studies [86]. This sanity check increased the confidence
in the snowball sampling and identified primary studies. There is a possibility that searching in a different database (e.g., Google Scholar) may
have revealed new articles not appearing in our snowballing results as
compared to Scopus.
3.4 Evaluation of Study Quality
The evaluation of empirical studies was performed in this phase. These
empirical studies were extracted from the final list of sixty-nine primary
studies that were identified during snowball sampling. The two subsets of
empirical studies (15 case studies listed in Table 2.17 and 7 experiments
listed in Table 2.18) were assessed using the rigor and relevance rubric by
Ivarsson and Gorschek [79].
The first step was to decide the criteria for evaluation of rigor and relevance. The first author developed the initial draft of the criteria based on
the proposal by Ivarsson and Gorschek [79]. The definitions of the criteria
also took into consideration the refinements proposed by Munir et al. (such
as types of Research Methods etc.,) [91]. Later, the other authors evaluated
the criteria and amendments were proposed to the criteria. These amendments were mainly concerned with the evaluation of context for the rigor
and scale for the relevance.
Table 2.3: Snowball Sampling Sanity Check
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Author 1 Includes

Author 1 Excludes

Author
1
Uncertain

Author 2 Includes

43

7

1

Author 2 Excludes

1

87

0

Author
2
Uncertain

0

1

0

2

Table 2.4: Rigor Evaluation Criteria
Rigor Rubrics, inspiration from [79]
Rigor

Context

Study Design

Validity

Strong =
1

Motivation or hypothesis, background of
the problem, related
studies, subjects, settings (industry, laboratory), organisation details, tool support if
any, constraints

Study describes research
method, data collection,
discussion on the results,
motivation for the research
method, details of the
measurements used in the
study.

If all four types
(internal, external,
conclusion
and
construct validity)
of validity threats
are discussed.

Moderate
= 0.5

If any of the above factors are missing.

If any of the above factors
are missing.

If some description
of validity threats
is present

Weak = 0

If none of the above
factors are discussed.

No description of studies’ research design is present.

If validity threats
are not discussed
at all.

3.4.1 Criteria for Rigor Evaluation
The criteria for rigor evaluate the reporting of study context, study design,
and validity threats. The criteria and corresponding evaluation points are
provided in Table 2.4.
• Context: The context describes the background and the settings in
which a study took place. The context of study helps the reader in
understanding the environment and motivation behind the study so
that results are interpreted in that context.
• Study Design: The study design describes the research approach used
in the study. This involves describing the details of the research
method, the implementation of the research design, the variables
measured during the study and the motivation behind the design.
• Validity Threats: The threats to the validity of the studies help in
understanding and interpreting the result and their applicability.
Kitchenham et al. pointed out the importance of discussing the validity threats in empirical studies and implications of not describing
the threats to the validity of the study [87].
3.4.2 Criteria for Relevance
The criteria were developed in order to systematically evaluate the relevance to the industry for the studies. The criteria evaluate four factors:
subjects of the study, the context of the study, the scale of the study and research method used in the study. The detailed criteria are present in Table
2.5.
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Table 2.5: Relevance Evaluation Criteria
Relevance Rubrics, inspiration from [79]
Relevance

Subject

Context

Scale

Research Method
The research method
used are either of
the following: Action
Research,
Lessons
Learned, Case Study,
Experiments,
Field
Study,
Interview
/
Survey, Descriptive /
Exploratory Study.

Strong = 1

The subjects are from
industry and they are
the users of the requirements reuse approach.

The evaluation
is performed in
the industry.

The
requirements,
considered by approach,
are
from
industry i.e., complexity and representation
of real system.

Moderate =
0.5

The subjects are mix
of industry and nonindustry. They are the
users of the requirement reuse approach.

The evaluation
is
performed
partially
in
the industrial
setting
and
partially in the
non-industrial
setting.

The
requirements,
considered by approach, are from an
example application
i.e., complexity and
representation not of
a real system.

Not Applicable

Weak = 0

No details about the
subjects are present or
subjects are students.

The evaluation
is
not
performed in the
industry.

There were no details mentioned about
the requirements and
their complexity.

Research method used
is not from the above
mentioned
research
methods or the article
is not clear about the
research method used.

• Subjects: Sjøberg et al. described the importance of having realistic
settings when conducting industrial studies [80]. The proposed way
of carrying out industrial studies was to use subjects from industry.
Therefore, subjects are an important aspect of the relevance.
• Context: The industrial relevance of the study is higher if the study
has taken place in industry. In the scope of this study, if the requirements reuse method was evaluated in the industry then it has a
higher contribution towards relevance thus higher context value.
• Scale: The scale of the study describes the level of complexity and realistic settings used to evaluate the requirements reuse methods. The
requirements reused were evaluated to see if these are a representation of the real system or example applications.
• Research Method: The relevance of the study for the practitioners and
industry requires that the research method should also be relevant to
the industry [79].
3.4.3 Execution of Criteria on Identified Studies
In order to facilitate the execution of the criteria on identified studies, two
data extraction forms were developed for rigor and relevance evaluation.
These forms were developed in Excel and were based on the criteria described in the previous section.
After developing the criteria and data extraction forms, the identified
articles were read and evaluated. While reading an article the data was
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3.5 Data Extraction and Synthesis
Data extraction form, developed in Excel, was used to record the findings
of each primary study. Data extraction consisted of three reading iterations.
Initially, a study was read completely and important aspects (presented in
Table 2.6) were highlighted for the second review. In the second reading,
the highlighted aspects were re-confirmed and captured in the data extraction form (Excel sheet). The unclear or missing information was documented in the comments section. A third, and final, review was conducted
to verify that the data extraction was correctly done and to address the
issues found during the first two reading reviews.
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extracted and filled in the form. During the extraction, the important sections in each article were highlighted and annotated in order to keep track
of the evaluated numbers. The first author performed this step.
First, the articles were evaluated for rigor by the first author. Each article was evaluated twice, during the evaluation of rigor, in order to ascertain the correct extraction and assignment of rubrics values, known as
’test-retest check’ as suggested by Kitchenhamn [106]. The data related to
validity threats was extracted in the start as a ’pilot extraction’. This was
done in order to get familiar with data extraction process. Later, the data
related to the context and study’s design were extracted. After completing the evaluation, a second iteration was conducted by the same author
(first author) in order to check intra-rater reliability (known as test-retest
check [106]). No changes were required because of the second evaluation
indicating intra-rater reliability. These two iterations helped in increasing
the confidence in evaluation and assessment, done as a part of intra-rater
reliability.
In the second phase, the relevance of each identified article was evaluated. The evaluation was conducted twice, initially for evaluation of criteria and later to confirm intra-rater reliability (test-retest check [106]). In
the first evaluation, each article was one by one evaluated based on the
relevance criteria and the numbers were assigned for each factor. Later,
to re-check the evaluation the first author performed the second iteration.
No numbers were changed in the second evaluation. The first author also
performed this step.
The other authors (second and third) performed the evaluation‘s sanity
check. This sanity check was conducted to increase the confidence in the
evaluation, indicating inter-rater reliability. The author performing the initial evaluation was not part of this review (sanity check). The two authors
of the study performed this review, independently. The differences (such
as different evaluation numbers) were discussed and a mutual agreement
was reached on the differences.

The above data extraction step resulted in an Excel sheet containing
the required information from all the primary studies. The data collection sheet is provided online [112]. Two new Excel sheets, containing only
the empirically evaluated studies, were retrieved from the main sheet. The
purpose of this step was to carry out the rigor and relevance evaluation as
described in Section 3.4.
For the synthesis we utilised content analysis in order to structure the results, assigning studies and their results to categories [107]. Furthermore,
narrative synthesis and summaries are presented for each research question.
3.6 Threats to Validity
This section contains a discussion on the validity threats based on the categorization provided by Petersen and Gencel [108]. Each threat and its
implications are described in the respective sections.
3.6.1 Theoretical validity
Theoretical validity deals with the presence of confounding factors and the
ability of the researcher to capture what was intended to capture [108].
A potential threat to this validity is that only the positive results (i.e.,
what worked well because of the proposed approach) were reported for
the evaluated approaches present in the studies. The lack of reporting on
the negative results (i.e., what did not work, also known as publication
bias) of the reuse approach can handicap the analysis and conclusions of
this study. This threat can have a negative impact on the research question
two (RQ 2) of this study.
Table 2.6: Extracted Fields from the Studies

Approach
General
tion
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Details
Informa-

Title, Year, Publication Type, Comments

Research Method

Experiment, Case Study, Example Application, Lessons Learned

Reuse Characteristics

Reuse Approach Type, Artefact Type, Tool
Support (Yes / No), Repository (Yes / No),
Stakeholders Involvement (Yes / No), Product Lines Support (Yes / No)

3.6.2 Generalizability
Generalizability is the degree to which the results can be generalized to
different contexts and settings [108].
The inclusion and exclusion criteria of snowball sampling were flexible and include any peer-reviewed study on requirement reuse approach
regardless of empirical evaluation. The results obtained from the sixtynine primary studies generally reflect the requirements reuse approaches
present in the literature. These sixty-nine studies contain few studies that
are similar to each other but these studies were made part of this review
in order to facilitate the reproducibility i.e. snowball sampling depends on
the reference list and citations. However, the smaller set of empirically evaluated studies does not fully cover all the requirement reuse approaches.
Hence, there is a risk that this validity threat is present.
3.6.3 Objectivity
Objectivity is concerned with the accurate description of objective / subjective truth [108]. Multiple steps were performed to reduce this threat.
The foremost threat to the validity of the study comes from the including
and excluding of the studies during the snowball sampling. The bias could
lead to the exclusion of the studies that should have been included. This
problem was addressed by a two-prong strategy (i) by developing formal
inclusion and exclusion criteria and (ii) a reviewer (one of the authors)

39

2

Another threat to the theoretical validity is the small sample size of the
industry-evaluated studies. Only 22 studies out of 69 primary studies report an empirical evaluation of a reuse approach. The evaluation of rigor
and relevance was conducted on the industry-evaluated studies only. The
conclusions are only drawn from the empirically evaluated studies, hence
two-third studies (47) were not considered. This smaller sample size, covering various different approaches, may not provide an accurate explanation
of the requirement reuse approaches.
The classification of the reuse approaches and artefacts was based on
the authors understanding and comparison with the existing literature.
The classification can be biased since it is based on the reader’s perception and evaluation. The review of the study by two independent authors
tries to overcome this bias. However, still, the threat to the validity of the
classification of reuse approaches and artefacts is present.
The rigor and relevance scoring system by Ivarsson and Gorschek favors case studies (e.g., context, subjects etc.,) with respect to relevance [79].
Hence, experiments scored lower in relevance as compared to case studies
during the evaluation. The usage of this scoring system can have an impact
on the accurate evaluation of studies based on experiments.

reviewed a random selection of studies that were excluded and included.
The inclusion /exclusion criteria were evaluated jointly by two authors and
the third author provided feedback later. Based on the feedback the criteria
were updated. Moreover, for the studies that were not clear from the title,
their abstracts and conclusions were read before including or excluding
these. In few cases, when the abstract was not clear the whole study was
read. These steps helped in reducing the risk of missing a study.
Another validity threat is the risk of missing a relevant study. In order
to reduce this risk, snowball sampling was complemented with an additional database search. This additional step did not yield any new primary
study. Hence, this additional step limited the impact of this threat. Since
Scopus covers many of the relevant forums (RE conferences and IEEE digital library), it was selected as a means of sanity-check by identifying any
study missed by snowball sampling [111]. The search in Scopus did not
reveal any new identified studies and this increases the confidence in the
snowball sampling. However, a different database (such as Google Scholar)
may have discovered a new set of studies not appearing in our snowballing
results or Scopus results.
We attempted to address the threat of misinterpreting the information
present in the primary studies by highlighting the concerned parts of the
study, extracting the data in the data collection form and then analyzing
the results. Two independent reviewers reviewed one-third of the primary
studies in order to address this threat. A similar strategy was adopted,
involving researchers, to address this threat during rigor and relevance
evaluation.
3.6.4 Interpretive validity
The interpretive validity deals with conclusions that are drawn from the
evaluated studies. It ensures that the correct conclusions are drawn from
the extracted data in an objective manner [108].
In order to address this validity threat, multiple approaches were used
such as (i) inclusion and exclusion criteria were formulated for identifying
the studies; (ii) a data collection form was developed to extract and analyze the data in a systematic way. The rigor and relevance criteria were
developed to systematically evaluate the studies and reduce the bias when
evaluating the studies. The bias can lead to different reviewers having a
different evaluation for the same criteria. To reduce the chance of bias,
two researchers evaluated each industrial study for rigor and relevance.
All these steps help in reducing the bias and contextual blindness before
drawing a conclusion. However, this threat is still present, i.e., interpretation is subjective to the reviewers’ view.
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3.6.5 Repeatability
Repeatability ensures that the data collection, analysis and the steps followed during the review are described in detail so that these are repeatable
by another researcher [108].
Repeatability is assured by using the snowball sampling guidelines for
data collection [85]. These guidelines were strictly followed and each step
was documented in the study. For the quality assessment, the guidelines
described by Ivarsson and Gorscheck were observed [79]. These details are
described in Section 3. These steps ensure that the protocol used in this
study can be used to identify similar results and conclusions.
4

results and analysis

We first present demographic information for the corpus of studies identified. The remainder of the results section is structured according to the
research questions formulated in Section 3.
4.1 Demographics
With regard to the demographics, we observed the frequency of studies
published over time and the publication types used.
4.1.1 Publications over time
The identified studies were categorized based on the year of publication.
The earliest identified study was found to be from the year 1988 [28]. The
year during which the highest number of studies on requirements reuse approaches were published was 2002. The years of publication were spread
from 1988 till 2016. There is a steady trend in the number of studies published on requirements reuse approaches. The frequency by year is shown
in Figure 2.2.
4.1.2 Publication types
The studies on reuse of requirements were published in a variety of forums
and publication types. This study only identified peer-reviewed studies. It
was found that conferences are the most widely used publication type. The
next most popular type was journal publication. The studies published
in the symposium were old studies from the 1990s. Table 2.7 shows the
distribution by publication types.
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Figure 2.2: The distribution over the years
Table 2.7: Publication Types

No.
of
Studies

Studies Ref in Table 2.19 (* indicates empirical study)

25

S1*, S2*, S5*, S7, S8*, S9, S11*,
S12, S13, S15*, S16, S17*, S19*,
S20*, S22*, S25, S28, S36*, S37,
S41*, S43, S52, S55, S61*, S67

Conference

34

S3, S4, S6, S10, S14, S18,
S23, S24, S30, S31, S32,
S34*, S35, S38*, S40, S42*,
S45*, S46, S47, S48*, S49,
S53, S54*, S56*, S57, S60,
S66, S68, S69

Workshops

6

S26*, S27*, S58, S59, S63, S64

Symposium

4

S29, S39, S50, S65

Publication
Type

Journal

S21,
S33,
S44,
S51,
S62,

4.2 RQ1: What are the different software requirements reuse approaches present
in the literature?
To answer RQ1, we have identified the different requirement reuse approaches, categorized these approaches based on the solution these approaches provide and analyzed their salient characteristics such as artefact
used, tool support, repository support and support for software product
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Table 2.8: Publication Forums
Publication Forum

No.

Publication Forum

No.

International Requirements Engineering Conference

7

Int. Conference on Software &
Systems Engineering

4

REFSQ: Requirements Engineering:
Foundation for Software Quality

4

Asia Pacific Software Engineering Conference

3

Journal of Systems and Software

3

3

Requirements Engineering

IEEE Transactions on Software Engineering

2

International Conference
Software Engineering

International Conference on Software Reuse

2

International Workshop on Requirements Patterns

2

Knowledge-Based Software Engineering Conference

2

Software Engineering Journal

2

Symposium on Applied computing

1

Annals of Software Engineering

1

Applied artificial intelligence

1

Australian SE Conference

1

Automated Software Engineering

1

Communications of the ACM

1

Computers in Industry

1

Systems engineering

1

Workshop on knowledge reuse

1

IEEE International Symposium
on Consumer Electronics

1

IEEE Systems Journal

1

Journal: IST

1

Journal of object technology

1

Interacting with Computers

1

Journal of Software: Evolution &
Process

1

Journal of Universal Computer
Science

1

Journal of Research and Practice in
Information Technology

1

ECBS

2

Evaluation & Modeling Methods
for Systems Analysis Development

1

Conference for Advanced Studies on Collaborative research

1

Int. Conference on Advanced Information Systems Engineering

1

ICAC3

1

Int. Conference on
Computer Interaction

1

Int. Conference on Information
Science and Security

1

Int. Conference on Software Engineering Advances

1

Int. Journal of Computer Science and Network Security

1

Data Mining Workshop (ICDMW)

Human-

on

2

1

Software: Practice & Experience

1

Int. Symposium on Formal Techniques in Real-Time and FaultTolerant Systems

1

Int. workshop on Software engineering for large-scale multiagent systems

1

Software Reuse:
Reusability

1

EURO Mini Conference

1

Advances

in
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lines. The studies describing similar approaches and from the same authors were considered as discrete studies. The sections below discuss each
of these approaches.
4.2.1 Identified Software Requirements Reuse Approaches
Analysis of studies showed that a variety of different approaches is used
for enabling reuse of requirements. A brief introduction of the approaches
and the artefacts is also provided. Table 2.9 lists all the identified approaches and the studies using the approach.
Structuring: In ’Structuring’, requirements are stored/saved in a specified organized structures so that these are easier to retrieve when required
for reuse. In structuring the requirements are organised (grouped or classified or categorized or arranged) and stored in a specified method. This
structuring facilitates in searching and identification of reusable requirements. The studies categorized under this approach can be described as
developing for reuse [6].
Cybulski et al. (S30) described the classification of requirement texts
from different domains and storing in a structured manner to support
the cross-domain reuse [30]. They proposed an approach called ’Reuse
Assisted Requirements Engineering (RARE)’ that helps in structuring the
Table 2.9: Approaches Used (* indicates empirical study)
Approach

No.

Study Ref in Table 2.19 (* indicates empirical study)

Structuring

16

S3, S5*, S10, S20*, S29, S30, S32,
S36*, S38*, S39, S41*, S47, S48*,
S49, S50, S62

Matching

12

S7, S8*, S23, S35, S40, S46, S51,
S55, S56*, S67, S68, S69

9

S1*, S6, S9, S12, S17*, S45*, S58,
S59, S63

Analogy

8

S14, S15*, S16, S18, S19*, S28,
S53, S65

Model-based Approaches

7

S13, S22*, S24, S31, S37, S54*,
S66

Ontology

5

S25, S26*, S27*, S43, S64

Parameterization

4

S34*, S52, S60, S61*

Requirements Traceability

3

S4, S44, S57

Domain Analysis

3

S2*, S11*, S21

Feature Interaction Management

1

S33

Machine Learning Assistant

1

S42*

Combination
proaches

44

of

ap-
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requirements based on keywords and generally capture the functional aspects of requirements. Lim proposed an approach known as ’Scenario Oriented RE-use’ (SCORE) based on reuse of scenarios (S48) [48]. In this approach, scenarios are identified, developed and stored in a structured order in reuse repository. Later, the scenarios are extracted and modified for
reuse. Keepence et al. (S50) advocate the requirements reuse using the approach known as ’SMART’ and structure the requirements into different
groups for facilitating the reuse [50]. Lee et al. propose an approach called
’Reusable Requirements Development Process (RRDP)’ (S38) [38]. In this
approach, reusable requirements are developed and structured under predefined categories for the sake of reusing these requirements later. Goldin
et al. (S41) suggest a reuse process based on ’project families’ that structure
the requirements using unique naming [41]. The study narrates the experience from several case studies of projects that have utilised reuse of requirements. Johnson and Harris (S49) describe the structuring of requirements
reuse knowledge representation in workspaces and folders to support the
reuse of requirements [49]. Melikhova et al. (S29) structured the requirements into ’System Requirements’ and ’Implementation requirements’ [29].
System requirements are static and do not change while implementation
requirements change with different applications. This approach was not
validated in the industry though. Pacheco et al. proposed a different approach that uses requirements catalog to support the requirements reuse
(S5) [5]. The approach is called ’Requirements reuse model for SRC (RRMSRC)’ and it supports requirements reuse activities based on the IEE Std.
830-1998. Hauksdóttir et al. (S20) propose a reusable requirements structure for grouping and reusing similar requirements and the approach was
validated in the industry [20]. The study structures the requirements into
five groups: Business Requirements, Standards and Laws, Product Properties, Life Phase Requirements and Design Constraints. These groups can
contain functional, non-functional requirements, constraints and solution
information. According to the authors, this structuring enables the reuse
of requirements. Chen et al. (S10) suggest that tightly related requirements
should be grouped together to construct a feature using the approach described as ’Requirements Relationship Graphs’ [10]. The approach is based
on identifying closely related requirements to form a feature model. The relationships between these feature models are identified and then these feature models are reused. Requirement relationship graphs are constructed
from these feature models and later these RRG graphs are reused in other
applications.
Another approach, SIREN (S36), which is based on arranging the requirements specification in hierarchal structures for enhancing reuse was suggested by Toval et al. in the context of reusing security requirements [36].
Alexander and Kiedaisch (S59) introduced the concept of recycling instead
of reuse but the approach described in the study results in reuse of soft-

ware requirements [59]. Three levels of structuring are introduced: usecases, system requirements and the actual system. The recycling approach
helps in identifying the suitable reusable candidate among the use-cases.
Schmitt and Liggesmeyer proposed a model (S62) for enabling reuse of
security requirements [62]. The model structures the requirements under
security requirements scope areas and security topics. Each security topic
is further described into sub-topics. According to the authors, all these
structures can enable reuse in different contexts.
In other structuring based studies, templates are used for the purpose
of writing the reusable requirements. Konrad et al. (S32) introduced requirement patterns for eliciting requirements for the reuse and the UML
for elaborating the information contained in patterns [32]. The approach
mainly used patterns for supporting requirements reuse. An example from
the embedded systems is used to demonstrate and explain the approach.
Gotzhein et al. (S39) show that the natural language requirements can be
structured into requirements patterns for reuse purposes [39]. Saeki in his
study (S47) explains how to use-case information is extracted and structured to develop reusable requirements patterns and an example is provided to demonstrate the effectiveness of the approach [47]. A study by
Franch et al. (S3) presents a meta-model for the structure of software requirements patterns (SRP), relationships between SRP and their classifications [3]. The approach is based on storing, processing and retrieving the
requirements in a structured manner.
Matching: In matching the reusable requirements are obtained by comparing and matching with the existing requirements, using different abstraction levels and approaches such as conceptual graphs, lexical matching etc. The approaches belonging to this category are focused on developing with reuse [6].
Blok and Cybulski (S46) used lexical and semantic matching to identify
and reuse the requirements represented in UML [46]. This matching is carried out during the domain analysis to identify the reusable parts. The
lexical matching is used when searching for UML artefact in many different domain models. The semantic matching is used to identify the UML
artefacts when using only one domain model. Paydar et al. (S7) proposed
to use matching of UMLs to identify the reuse potential and this matching
was done by using a metric for measuring the similarity of UML-based
use-cases [7]. Niu et al. proposed requirements reuse approach based on
the lexical affinity to retrieve the reusable requirements (S8) [8]. The study
introduces the concept of functional requirements profiles (FRP). These
FRPs contain high information value related to the functionality present
in a document. Information retrieval techniques are used to characterise
the text document and extracts valuable information. Lexical-affinity is
used to extract conceptual affinity between documents. The study only
describes the extraction part of requirement reuse, without discussing the
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developed with reuse part. In a study on requirements engineering, Castano et al. (S40) describe requirements in the form of conceptual components that facilitate the requirements reuse by matching these conceptual
components [40].
Perednikas proposed requirements reuse approach that works by forecasting of user needs (S35). Matching the different set of existing states
do the forecasting and the approach is explained with the help of mathematical equations [35]. Ryan et al. used conceptual graphs to represent the
requirements in terms of ’objects’ and ’messages’. The study (S23) relies
on a tool known as ’ReqColl’ that uses a matching mechanism to identify
the similar cases for reuse [23]. Sutcliffe transforms the use-case scenarios into a model and then compares the model with the library of existing
models (S55). The requirements from the matching model are reused to develop new requirements [55]. Biddle et al. proposed an approach (S56) for
scenario-based requirements engineering [56]. The approach derives scenarios from the use-cases and suggests the reuse cases by matching with
existing scenarios. Periyasamy and Chidambaram used the language Z to
represent the specifications (S51) [51]. Each requirement in the specification can be represented by a schema that contains a unique identification
and signature. The reuse of requirements can take place if two signatures
are matching with each other. The study also describes an algorithm that
helps in the implementation of this requirement reuse approach. The approach (S67), "Requirements Reuse Model for Software Requirements Catalog" (RRMSRC), suggests the activities and a method that enable requirements to reuse in requirements catalog [67]. They propose that searching
and identification activity can help in maximising the effectiveness of requirements reuse. They suggested a method that utilizes matching to identify the requirements for reuse. Later, these requirements are adapted for
requirements with reuse. In another approach (S68) features are extracted
from the text requirements and according to the authors, these features can
support the reuse of requirements [68]. The high-frequency words are extracted from the documents describing the natural language requirements
and based on the frequency of the words the features are identified for
reuse purposes. The study describes the method to develop the artefacts
for reuse but does not demonstrate how these newly extracted features will
be reused. In the second study by Bakar et al. (S69), they demonstrated a
reuse approach based on extracting frequently occurring words in documents and used the statistical analysis, based on the distance measure, to
identify similar requirements [69].
Combination of approaches: This approach contains studies that use a combination of different approaches for supporting the reuse of requirements
e.g., structuring for storing the reusable requirements and matching for
identifying the reusable requirements.

Chou et al. retrieved specifications based on behavior described by these
specifications i.e., by matching functions and data in the existing specifications (S1, S12) [1] [12]. These specifications are classified and stored in
the repository before reuse. For retrieval purposes, matching of behavior
with the required behavior is used. A similar study, by Benitti and da Silva
(S17), utilizes ’catalog of patterns’ and the traceability between requirements to describe requirements reuse approach [17]. A study by Mansion
et al. (S45) describes requirements reuse approach that uses a combination
of application family, a domain model and variable requirements to introduce reusability. The approach is called ’MARM’ and facilitates developing
for reuse with help of a model and generating new requirements from the
set of reusable requirements [45]. Naish and Zhao classify and structure
the requirement patterns for the purpose of reuse (S58) [58]. The approach
first utilizes the patterns to capture requirements and later classifies these
patterns so that they are easy to retrieve for the purpose of reuse. The approach proposed by Dehlinger and Lutz (S63) used a combination of structuring and parameterization [63]. They divide the requirements into two
types: the role schema (static part of requirements) and the varying parts
(the changing part). Later, the reusability is promoted through parameterization of the varying parts. A study by Sindre et al. focuses on reuse of
security requirements by misuse case analysis by providing a meta-model
that is used to link the threats with reusable security requirements (S6) [6].
The study distinguishes between two aspects of reuse: developed for reuse
and developed with reuse. The requirements are stored in a structured
manner and for the identification purposes, matching is utilised to find
similar requirements. Lim proposed an approach (S9) based on identifying
the variable and static part of requirements and using the parameters to
reuse requirements [9]. Domain analysis is utilised to identify the reusable
artefacts in avionics domain. Later, a domain-engineering phase is used to
package the reusable artefact for reuse purposes.
Analogy: The analogy is used to reason on the similarity of different
things by using inference. Several studies have used analogy as an approach to identify the similar cases for reuse of requirements. Generally,
these studies map the already defined requirements over the new required
requirements using analogical inference. The studies under this category
can be used to develop with reuse [6].
A study by Massonet et al. (S14) suggests an approach for completing
the partially completed specification as opposed to starting from scratch.
It requires the use of KAOS language to specify requirements before these
can be reused based on analogy [14]. Spanoudakis (S15) uses a computational model to detect the analogies and describes specifications in ’Telos’ language [15]. Maiden in his two studies (S16, S19) described analogy
as an approach for the reuse of requirements and provides examples as
guidelines for the proposed approach [16] [19]. However, the articles have
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limited discussion on retrieval of reusable requirements. The second study
(S19) proposes a method to identify and customise a reusable artefact and
the study claims that human involvement is necessary for the decision
making of the reuse process. A short description of the required artefact
is categorized using existing models. Later, a tool supports the software
engineers to retrieve the similar models by using different analogies of a
model. Finkelstein (S28) describes the application of analogical reasoning
on a requirements formatting (known as CORE) in order to facilitate the requirements reuse [28]. Sutcliffe and Maiden proposed (S53) that analogical
reasoning could be used to reuse artefacts between different domains [53].
They explained their approach with the help of examples from two different domains. Each domain was mapped into a set of classes, their relationships and the unique identifier [51]. The set of classes from different
domains can be combined to form new systems and the unique identifier can be used to retrieve the reusable components. The study, by Wild
et al., proposes to reuse artefacts based on formal specification languages
(S18) [18]. A domain analysis is performed to identify the requirements
and these requirements are then contained in "issue space". Each issue in
the issue space represents a requirement and all it’s possible outcomes,
using Z language. Analogical matching of these issues (in different issue
spaces) helps in identifying the reusable requirements. An approach proposed by Chiang and Neubart (S65) revolves around a specification language, known as TUG, which enables the user to specify the specifications
and their relationship in a way that can help in reuse. Later, an analogy
was used to identify the reusable artefact [65].
Model-based Approaches: The main objective of this approach is to understand the reusable parts of requirements by modeling the requirements.
The model-based approaches work by analyzing and developing a model
of requirements that is later used for identifying reuse cases. These models can be based on mathematics, on features, on tasks or on domain
specific languages. A study by Moros et al. (S24) suggested using ’Requirements Engineering Meta Model (REMM)’ to facilitate the reuse of
requirements [24]. The model is extended to use parameterized requirements for enhancing the reusability of reusable requirements. However,
the requirements reuse approach uses the requirements modeling to enable reuse, hence the study is classified under model base approaches. A
feature model represents the features and their dependencies in a product
line. Gomaa (S37) suggested to use feature modeling and differentiates between the features in a domain as a kernel (required) and optional [37].
Based on this distinction the optional features are considered for reuse.
Another study by, Eriksson et al. (S22), discusses the requirement reuse in
the product line context by modeling the variability of requirements and
combining it with feature models [22]. These feature models helped in providing a common understanding and view of different product variants in

product lines. Any new product contains a new instance of feature model
based on the viewpoint of that product. Lopez et al. (S66) addressed the
reuse of requirements in a domain where the concept of product families
have not been used yet [66]. They proposed an approach in which identified requirements of a domain are converted into semi-formal diagrams.
These diagrams are integrated into meta-model and stored for future reuse
opportunities.
Task models are a useful way to describe the interactive systems by detailing the activities required to perform a certain task. Montabert et al.
proposed two approaches (S13, S54), based on task modeling, to reuse requirements [13] [54]. In the first study, parameter based task modeling was
introduced to facilitate the requirements reuse process. A feasibility study
explains the concepts behind the proposed approach (S13) [13]. The second
study described the hierarchical task analysis approach that claims to support the requirements reuse (S54) [54]. The approach proposed by Schmitz
et al. used ’i star’ modeling language with control systems concepts to
facilitate reuse of requirements [31]. The study (S31) investigates different
aspects of requirements engineering using this approach (e.g., requirement
processes) and it is not limited to requirements reuse.
Ontology-based approach: Ontology-based approaches suggest that requirements engineering is a knowledge intensive process thus usage of knowledgebased approaches will enhance the requirements reuse.
Karats et al. (S26) suggest an ontology-based requirements reuse approach applicable to requirements in software product lines [26]. The approach is demonstrated with the help of a case study. Velasco et al. (S25)
proposed a combination of risk analysis ontology and requirements ontology for reusing the security requirements [25]. In another study on reuse
of security requirements, Daramola et al. (S27) used the ontology-based
approach to achieve the requirements reuse [27]. Marrero et al. (S64) introduce an ontology-based approach called REOntology that works as reuse
enabling system [64]. The approach is based on three main modules: requirements description, indexing, and retrieval. The controlled vocabulary
is used to extract the meaning of requirements mentioned in the requirements description. Indexing helps in associating the requirements with
the controlled vocabulary while retrieval mechanism helps in extraction of
reusable requirements. An ontology-based approach (S43) was proposed
by Bonilla-Morales et al. for enabling reuse of use-cases [43]. A tool that
supports the reuse of use-case diagrams, constructed in UML, implements
the approach proposed by Bonilla-Morales et al. The use-case diagrams are
stored in ontological representation (semantic web language) in a repository. Users of that repository can query it to identify the diagrams that
they need for reuse purposes. The web ontology language enables the user
to represent, retrieve and use the reusable use-case diagrams designed in
UML.
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4.2.2 Publication Forums
The analysis of the publication forums of the primary studies reveals that
various different forums have published studies on requirements reuse. We
have identified forty-five (45) different forums that have published these
sixty-nine studies. The well-known requirements engineering conferences
such as "International Requirements Engineering Conference" and "REFSQ:
Requirements Engineering: Foundation for Software Quality" have pub-
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Parameterization: In ’Parameterization’ the requirements consist of two
parts, a static part, and a variable part. The variable part contained values from the parameters and these parameter values describe the actual
behavior of the system.
Heumesser et al. described the use of parameterized requirements, based
on dependent and independent parts, for reuse purposes (S60) [60]. They
termed the reuse as ’recycling of requirements’. Mannion et al. support
requirements reuse by developing a model that contains parameterized
discriminants [61]. The study (S61) is conducted in the context of software
product lines and provides an example to explain the concepts. Another
study, by Firesmith, introduces parameterized templates for reusing the
security requirements. It further proposes an asset-based approach to identify the appropriate parameter (S52) [52]. Hauksdottir et al. (S34) propose
two approaches to reuse the requirements; the first approach requires that
an analysis should be performed on the requirements to identify the common and variable parts [34] and parameterization is used for variable parts
to support the reuse in other projects. In the second approach, they suggested to analyze the requirements and develop a common model from
different requirements, later this model should be parameterized to enable
reuse.
Requirements Traceability: Requirements traceability provides the link between different requirements for the purpose of tracking and management.
This tracking between requirements helps in identifying the reusable requirements.
Monzon proposed an approach (S4) based on the assumption that in
a product family the requirements are traceable between different products [4]. Each time a new product is developed traceability is used to
identify the reusable requirements. Pooley et al. (S44) attempt to facilitate reusability by a combination of traceability of the requirements in requirement management tool and code in the source control systems [44].
The approach relies on the tool support (versioning control software) to
identify the reusable artefact. A study by Von Knethen et al. (S57) combines abstraction and traceability to document the commonalities among
requirements and establish the relationships of requirements and this combination resulted in the reuse of requirements [57].

lished relatively more studies than other forums. Similarly, journals such as
"Requirements Engineering" and "Journal of Systems and Software" have
published three studies each. A list of the publication forums and the respective number of studies is present in Table 2.8.
Domain Analysis: The domain analysis approach was used in the product
line context to develop requirements that can be used in similar applications.
Lim (S2) suggested a domain analysis based requirement reuse approach
called ’Family of Requirements (FORE)’, that develops a family of reusable
requirements that can be used in several similar products [2]. The approach
is spread over the project lifecycle and involves various project stakeholders. Moon et al. (S11) proposed a CASE environment known as DREAM
for commonality and variability analysis of software requirements in a
product line context [11]. The approach is used for developing reusable domain specific requirements to be used in software product line. The study
introduced a term ’Primitive Requirements’ (PR) that acts as a building
block for future requirements. The approach utilised these PRs to develop
for reuse. Later, these PRs are used to develop domain use-case model.
The study describes the approach with a case study on e-Travel systems.
Gross et al. (S21) proposed a reuse driven systematic process, known as
’Reuse-Driven Software Engineering Business’ that uses domain modeling
to identify the variability and support the reusability of requirements [21].
The study combines the feature models and reuse-driven software engineering business models to enable the reuse of the features.
Feature Interaction Management: Shehata et al. (S33) propose that feature
interaction management is key to understanding the requirements reuse.
They propose a ’Conceptual Process Framework’ for supporting the requirements reuse [33]. The approach uses interaction management in the
context of requirements reuse to facilitate reusability. The approach is dependent on the interaction and control of features and does not belong to
already existing reuse approaches.
Machine Learning Assistant: Machine learning, using an automated graphbased relational tool, was used to identify the reusable requirements by
Woo et al. (S42) [42]. The user inputs the requirements and interactions as
an input to the tool and the tool suggests the most relevant use-cases for
reuse.
4.2.3 Characteristics: Forms of Reusable Requirements
The approaches used for reusing requirements provide diverse solutions
and these approaches are implemented at various abstraction levels. Similarly, these approaches require different artefacts and representation of requirements for reuse purposes. Each approach used a different abstraction
level of requirement artefacts. In this section, a reusable artefact is con-

52

2

Table 2.10: Forms of Reusable Requirements
Artefact Type

No.

Study Ref in Table 2.19 (* indicates empirical study)

Abstract (or Undefined
artefact)

20

S1*, S2*, S11*, S12, S16, S19*, S20*,
S23, S28, S33, S34*, S35, S37, S40,
S41*, S44, S49, S53, S57, S62

Textual Form

19

S4, S5*, S8*, S9, S13, S25, S26*, S29,
S30, S45*, S48*, S50, S54*, S61*,
S63, S64, S67, S68, S69

Template

10

S3, S6, S17*, S27*, S32, S36*, S47,
S52, S58, S60

Use-case

8

S7, S21, S42*, S43, S46, S55, S56*,
S59

Modeling
Language
based artefacts

6

S14, S15*, S24, S31, S39, S66

Formal Specification

3

S18, S51, S65

Feature

3

S10, S22*, S38*

sidered to be the input to requirements reuse approach, regardless of the
manipulation performed on the artefact when the approach is executed.
The synthesis of the studies identified the artefacts shown in Table 2.10.
The description of each identified artefact type is given below:
Abstract or Undefined: The artefacts classified as abstract are those in
which the reuse approach does not impose any limitations regarding the
format of the requirements. The methods described in such studies did not
describe a specific requirement format to support the requirement reuse.
In limited cases, studies do not contain information about the artefact that
can be reused; instead, the studies discussed reuse approach only. In this
section, we have described studies that do not explicitly discuss the type
of reusable artefact.
Maiden (S16, S19) in his two studies described analogy as an approach to
reuse requirements specifications in an artefact independent way [16] [19].
The emphasis of the studies is on the explanation of reuse approach and
these studies do not discuss the artefact to reuse. Hauksdóttir et al. described the structuring of the requirements (S34), without mentioning the
format and type of the requirements, to support the reuse of the requirements [34]. The approach proposed by Perednikas (S35) is described with
the help of mathematical equations and does not mention the type of
the artefact [35]. Another approach proposed by von Knethen et al. (S57)
described ’conceptual system model (CSM)’ as the fundamental unit on
which the approach was based on [57]. Fundamentally a CSM is a representation of the relationship between different requirements documents
and the types of the entities present in a specific domain. Schmitt and
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Liggesmeyer (S62) described their approach without utilising any artefact
format [62]. The approach revolves around security requirements specification without mentioning the format and abstraction level of the specification. The approach (S53) proposed by Sutcliffe and Maiden is described
at high abstract level and in a way that it is independent of any specific
reusable artefact [53]. The approach uses analogical reasoning to identify
the reusable artefact. A study by Johnson and Harris (S49) describes the
requirements reuse approach without discussing the artefact that can be
reused [49]. The approach described the structure and hierarchal organisation of artefacts for the purpose of reuse without elaborating on the
details of the artefact. A study on reuse-formatted requirements by Finkelstein (S28) used the flow chart transactions as an input to the proposed
approach [28]. These transactions described the changes in the state of
a given system. An approach by Shehata et al. (33) divided the requirements into following groups: domain-specific requirements, generic requirements, and domain requirements frameworks [33]. These are the lowest levels of abstraction on which the approach is further elaborated and
the study does not mention any specific format of these types of requirements.
Gomaa, in his study on reusable requirements and architecture (S37),
described an approach that can be applied to any type of requirement artefact [37]. The format of the requirement or any guidelines to structure the
requirements were not present in the study. While describing the reuse of
requirements using traceability of code present in the versioning control
software (S44), Pooley and Warren did not impose any restriction on the
type of requirement artefact [44]. The approach was limited to retrieval
of the reusable artefacts by analyzing the source code. The artefact was
described by Castano et al. (S40) as the application independent specifications derived from many different application dependent specifications
and contains the guidelines for supporting the reuse of these conceptual
units [40]. However, the approach was brief and example scenarios were
not elaborative enough to explain the usage of this artefact. Goldin and
Berry (S41) described the reuse experiences from several case-studies from
the different project [41]. However, the study is described at a high level
and no details on the type of reusable artefact are provided. A conceptual
graph is an abstract collection of nodes, described as ’concept’ and ’relation’ nodes linked with each other [23]. These graphs are used to describe
the systems and relations. Ryan et al. (S23) developed a methodology to
reuse the conceptual graphs representing the requirements [23].
Shih-Chien et al. (S1, S12) demonstrated an approach that classifies the
requirements based on behavior and used this approach to facilitate the
requirements reuse [1] [12]. Lim (S2) used text-based product analysis to
demonstrate his requirement reuse approach [2] but the requirements artefact was not clearly described. Moon et al. introduced the term "Primitive

54

55

2

Requirement" that described an abstract concept as a minimal building
block that can be used to construct a requirement [11]. The authors do not
provide the details on the structure, content or format of these primitive
requirements. In another study on reuse of requirements (S20), Hauksdóttir et al. described high-level structuring of requirement groups but do not
discuss the details of the format and type of the requirement artefact [20].
Textual Form: The text-based artefacts include artefacts written in the
natural language or in descriptive text. Most of the identified studies focus
on reusing text-based artefacts. It is worth mentioning that studies often
transform text-based documents into different forms (formal specification,
scenarios etc.,) but the studies listed in this section work primarily with the
text-based artefacts. A brief introduction of the types of textual artefacts,
used by the studies in this category, is given in this section.
Montabert et al. (S54) provide a task, in the form textual format, as an
input to the task based requirements reuse approach [54]. Dehlinger and
Lutz (S63) used the text-based requirements to enable parametrization of
variable parts, reflecting an event that an agent can perform [63]. These
variable parts were described in the form of textual form. Lim proposed a
scenario-based approach (S48) to complement the requirements reuse approaches [48]. Montabert et al. (S13) describe the use of scenarios in task
models to support requirements reuse [13]. Monzon in his study on reuse
of requirements (S4) in product families used text requirements [4]. The requirements that were written using IEEE Std. 830-1998 (textual form) were
used by Pacheco et al. in their study when using catalogs (S5) [5]. The
tool developed by Mannion et al. (known as TRAM in S45) use the textbased requirements as input [45] and the text-based artefact was used in
another study by the same author (S61) [61]. Keepence et al. (S50) described
the reuse approach using text-based requirements [50]. The approach described by Marrero et al. in their study (S64) utilizes the requirements
written in textual form and process these requirements to comply with
the REOntology method [64]. The task describes a scenario that can enable reuse in different use-case flows. In a study on reusing of functional
requirement profiles, Niu et al. (S8) used the text-based functional requirements to explain their reuse approach [8]. Lam used text-based requirements (S9) to introduce his reuse approach [9]. The approach is applied
to different types of text-based artefacts. Velasco et al. (S25) used the text
from the natural language to demonstrate his approach to reuse security
requirements [25]. The reusable security requirements are extracted from
the pre-defined information about different levels of risks. Karatas et al.
(S26) used the text-based requirement specification document in order to
apply their proposed approach to requirements reuse [26]. Not enough
details about the format of this specification document are present in the
study. Melikhova et al. (S29) classified the requirements into two types: system requirements (stable) and implementation requirements (varying) [29].

Both types of requirements were considered as text requirements by the authors while explaining the proposed requirement reuse approach. Cybulski and Reed (S30) based their approach on "informal requirement texts"
and proposed the method through which these informal requirement texts
can be used across several projects [30]. Bakar et al. proposed two different requirements reuse approaches (S68, S69) in their two studies [68] [69].
Both approaches used text-based requirements for supporting the reuse
of requirements, these textual requirements were written in natural language. Pacheco et al. (S67) described a requirements catalog approach that
uses the software requirement specifications (SRS) based on IEEE Std. 8301998 [67]. These requirements are textual in essence but the approach did
not discuss details of the artefact.
Template: A template is an aide that provides guidelines for writing requirements in a specified format. The format can be of any type (text, ordered steps etc.,) but written using a specified format.
Benitti and Silva proposed a reuse approach (S17) that utilizes traceability and structuring of templates (described as patterns). These templates
contain information that is vital for enabling the requirements reuse [17]
such as objective, context, problem, description and an example. These
templates are later used for supporting the reuse between different cases.
A study by Franch et al. (S3) used requirements patterns written in the natural language to demonstrate the reusability of requirements [3]. Daramola
et al. (S27) used patterns, with help of ontology-based approach, to support the reuse of requirements [27]. Firesmith introduced a text template (a
paragraph of text) with configurable values that can help in the reuse of the
template for different scenarios (S52) [52]. The template provided was specific for reuse of security requirements and does not consider reuse of other
requirements. An example was provided to demonstrate the use of this
text template. Heumesser and Houdek (S60) [60] provided a documented
structure to identify and write the independent and dependent requirements in a pre-defined template. The template contains details such as
context, relationships, interfaces and description related to a requirement.
Naish and Zhao used the patterns (in the specified template) to explain
their approach to reuse of requirement patterns [58]. Saeki uses use-case
templates in their study (S47) on reuse of use-case patterns [47]. The study
proposes a template that can be used to document a use-case; later that
template is used to support the reuse. Toval et al. (S36) in their study on
reuse of security requirements used a template for requirements specification based on IEEE Std 830-1998. [36]. These templates are arranged in a
hierarchal manner to support the retrieval part of requirements reuse. Sindre et al. (S6) in their study on reuse of security requirements proposed
a template, known as a misuse case, that can help in capturing, identification and reusing of security requirements [6]. UML-based templates were
introduced by Konrad and Cheng (32) in their study on requirements in
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embedded systems [32]. These templates were designed in UML and implement different patterns that are commonly used in embedded systems.
Naish and Zhao (S58) based their study on the reuse of requirements pattern where they define the pattern as a template that contains information
specified format [58]. The study does not discuss the format of these templates but discusses the classification and retrieval of these templates.
Use-case: Jacobson described use-case as a way of using a system to
achieve a particular goal for a particular user [105]. Use-cases were identified as a popular way to facilitate reuse of requirements in several studies.
Alexander et al. (S59) formulated the use-cases from the specification and
suggest that ’recycling’ of these use-cases is an effective way to develop
reusable requirements [59]. Woo et al. (S42) proposed a reuse of use-cases
with the help of a tool based on machine learning [42]. Griss et al. (S21) introduced a use-case driven systematic reuse process, which transforms the
use-cases into object models before supporting requirements reuse [21].
Sutcliffe et al. (S55) extracted scenarios from use-cases and applied their
approach on these scenarios [55]. They defined a scenario as one possible
path in a use-case. Biddl et al. (S56) used use-cases to enable the reuse of
scenarios as a method of reuse of requirements [56]. A tool is used to capture the scenarios in the form of use-cases. Blok and Cybulski (S46) used
the similarity of use-case flows acts as the matching factor to support reuse
of use-cases [46]. The use-case diagrams in UML are used in a study (S43)
reported by Bonilla-Morales et al. [43]. The approach is based on reusing
use-case diagrams that are assisted by web ontology language (OWL). Paydar et al. in their study (S7) on reuse of functional requirements used UML
based activity diagram and use-cases [7].
Modeling Language based artefacts: Unified Modeling Language and its dialects (SysML) have been used by several studies to support requirements
reuse. A study by Gotzhein et al. (S39) used ’SysML’ based artefact to
demonstrate the reuse approach [39]. A meta-model was developed using
’SysML’ to enable requirements reuse in a study by Moros et al. (S24) [24].
The KAOS language is requirements capturing language used by Massonet
et al. in their study (S14) on requirements reuse [14]. The approach described in the study reused the artefacts written in KAOS. The ’i star’ language was used by Schmitz et al. to facilitate the reuse of requirements
(S31) [31]. Telos is a modeling language to support the development of
information systems. Spanoudakis et al. (S15) considered a representation
of specifications in Telos language as a reusable artefact [15]. Lopez et al.
(S66) proposed that requirements expressed in the form of graphical diagrams are easier to express, understand and reuse [66]. Their study (S66)
proposed an approach that used these diagrams to support requirements
reuse. The reusable artefact used in the approach is based on the "Coloured
Petri net" (CPN) mathematical modeling language.

Formal Specification: Formal specifications are the mathematical representation of software requirements that are used to describe the system and
facilitate in understanding the requirements. Three studies (S18, S51, S65)
were identified that used formal specification based artefact for enabling
the reuse [18] [51] [65]. Wild et al. (S18) and Periyasamy et al. (S51) used
Z notation for the demonstration of reuse approach [18] [51]. TUG is a formal specification language that was used by Chiang and Neubart (S65) to
specify the reusable requirements [65]. According to the authors, this formal specification language can support the reuse of requirements because
it contains useful features such as polymorphism, overloading, and the
language is easier to write and read. Their approach used this language to
perform analogical reasoning to identify reusable requirements.
Feature: A feature is a unit of the system that represents a given functionality [104]. Chen et al. (S10) used features to construct feature models and
cluster these feature models for the purpose of reuse [10]. Lee et al. (S38)
in their proposed approach used the feature as reusable requirements [38].
They described the feature as a form of functional requirements only. The
non-functional requirements were not included in their definition of a feature. Eriksson et al. (S22) used feature models to manage variability in
product line requirements [22]. These feature models enable large-scale
reuse in product lines.
Table 2.11: Characteristic: Tool Support

(*

indicates

empirical

No.

Studies
study)

Studies with tool support and describing
how the tool works.

34

S1*, S4, S5*, S9, S10, S11*, S12, S13,
S15*, S17*, S18, S19*, S20*, S21, S22*,
S23, S24, S26*, S27*, S28, S36*, S41*,
S43, S44, S45*, S53, S54*, S55, S56*,
S60, S64, S65, S66, S67

Studies without tool
support.

17

S8*, S14, S25, S29, S32, S33, S35, S39,
S40, S46, S47, S48*, S51, S52, S57,
S62, S69

Studies mentioning
a tool but not describing how the tool
works.

15

S2*, S3, S7, S16, S30, S31, S34*, S37,
S38*, S42*, S49, S59, S61*, S63, S68

Studies
mentioning tool support as
future work

3

S6, S50, S58

Characteristic
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4.2.4 Characteristics: Tool Support
CASE tools are used in software development for the design and implementation of software artefacts in different stages of the software project
lifecycle [102]. The studies, identified using snowball sampling, have described the usage of a tool for assisting in the requirements reuse. However, it was noted that not all studies describe the complete working of
the tool; many studies mentioned the tools but do not describe the details of the tool. It was noted that many of the evaluated industrial studies
mention that tool support was used during the evaluation of the proposed
approach. Table 2.11 lists the studies describing the tool support, the studies not using the tool support, the studies mentioning the tool support but
not describe the tool and studies that mention the tool support as future
work.
4.2.5 Characteristics: Repositories
In order to store and retrieve the reusable requirements, repositories/libraries are described in several studies. These repositories assist in searching and identifying reusable requirements [103]. Table 2.12 lists the studies
describing requirements reuse repositories. However, a detailed discussion
on the impact of these repositories is missing in all the identified studies.
The evaluated industrial studies mention the use of repositories but do
not reveal the details of the repository. The studies present in Table 2.12
are the ones that have used repositories when demonstrating the requirements reuse approach.
4.2.6 Characteristics: Support for Software Product Lines
The fundamental part of Software product lines is to reuse artefacts, during different stages of product development in a planned manner. Sixteen
studies discussed the role of requirements reuse in the context of software
product lines and half of these studies were evaluated in the industry. The
studies discussing the impact of reuse of requirements on product lines
are listed in Table 2.12.
4.3 RQ2: How have the requirements reuse approaches identified in RQ1 been
evaluated, and what was the outcome?
To answer RQ2, we looked at the research method used, and also focused
on which approaches and related characteristics have been the focus of
industrial evaluations. Furthermore, the results of the evaluations for case
studies as well as experimental studies are described.
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Table 2.12: Characteristics: Repositories & Characteristics: Support for Software
Product Lines

Characteristic No.

List of studies with
support for characteristic. (* indicates
empirical study)

List
of
studies
without support
for characteristic. (*
indicates empirical
study)

Repositories

S1*, S3, S4, S5*, S6,
S7, S11*, S12, S13,
S14, S17*, S20*, S21,
S24, S26*, S27*, S30,
S34*, S36*, S37, S40,
S41*, S43, S44, S48*,
S51, S53, S54*, S55,
S66, S67

S2*, S8*, S9, S10,
S15*, S16, S18, S19*,
S22*, S23, S25, S28,
S29, S31, S32, S33,
S35, S38*, S39, S42*
, S45*, S46, S47, S49,
S50, S52, S56*, S57,
S58, S59, S60, S61*,
S62, S63, S64, S65,
S68, S69

S2*, S4, S8*, S10,
S11*, S22*, S26*, S31,
S34*, S41*, S57, S60,
S61*, S63, S66, S69

S1*, S3, S5*, S6, S7,
S9, S12, S13, S14,
S15*, S16, S17*, S18,
S19*, S20*, S21, S23,
S24, S25, S27*, S28,
S29, S30, S32, S33,
S35, S36, S37, S38*,
S39, S40, S42*, S43,
S44, S45*, S46, S47,
S48*, S49, S50, S51,
S52, S53, S54*, S55,
S56*, S58, S59, S62,
S64, S65, S67, S68

Support for
Software
Product
Lines

60

31

16

2

Table 2.13: Research Methodologies Used. (* indicates empirical study)

Research Methodology

No. of Studies

Solution with Example Applications

41

Case Study *

15

Experiment

7

Lessons Learned

6

4.3.1 Research Methods Used
The reuse approaches described by the primary studies were explained
with help of industrial or academic examples. This provides an indication if the study was validated in the industry or not. Most of the studies
used an example application to describe the reuse studies. These examples were hypothetical examples and these studies revolved around an
application that reuses requirements based on the proposed requirements
reuse approach. Industrial Case Studies were the second most used research method. Table 2.13 shows the respective distribution of research
methods used in the identified studies.
4.3.2 Focus of Evaluations
We looked at the focus of industrial evaluations from three perspectives:
reuse approaches, forms of reusable requirements, and trends over time.
Industrial Evaluation vs. Reuse Approaches: We classified all the identified
studies into different reuse categories, listed in Table 2.9. The empirical
studies show that only a subset of the reuse approaches have been evaluated in the industry, with the main focus being on reuse through structuring. Table 2.14 list the studies and the corresponding approaches used.
Industrial Evaluation vs. Forms of Reusable Requirements: Seven forms of
reusable requirements were identified that are used by the sixty-nine primary studies, present in Table 2.10. The evaluation results point to the
presence of industrial evaluation with regard to the majority of forms of
requirements. Seven of the evaluated industrial studies used text-based
requirements in their approaches (S5, S54, S8, S61, S48, S45, S26). Seven
studies (S1, S2, S11, S19, S20, S41, S34) were described in a way that these
were not dependent on any specific form of requirement or they did not describe the reusable artifact in detail. Only the "Formal Specification" based
studies were not evaluated in the industry. Table 2.14 shows the forms of
requirements utilised in the industrial evaluations.
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Table 2.14: Focus of Evaluation
Evaluated Industrial Studies by Approach

Evaluated Industrial Studies by Type of Artefact

Approach

Studies (in Table 2.19)

Artefact Type

Studies (in Table 2.19)

Structuring

S5, S20, S48, S41, S38, S36

Textual Form

S5, S8, S26, S54, S45, S48,
S61,

S1, S17, S45

Abstract or Undefined

S1, S2, S11, S19, S20, S41,
S34

Matching

S8, S56

Template

S17, S27, S36

Ontology

S27, S26

Use Case

S42,S56

Domain Analysis

S2, S11

Feature

S22, S38

Parameterization

S34, S61

Modeling Language based
artefacts

S15

S22, S54

Formal Specification

-

Combination
proaches

Model-based
proaches

of

Ap-

Ap-

Analogy

S15, S19

Machine Learning Assistant

S42

Requirements Traceability

-

Feature Interaction Management

-

4.3.3 Case Study Results
The analysis and evaluation are performed on the identified case studies
regarding the study objectives, approach, data collection methods, as well
as measured variables and other observations. The results of the case study
based studies are described in Table 2.15. The main aspects of the analysis
are described below:
Measured Variables: During the analysis of the studies, it was evident
that these studies do not have uniform definitions (or understanding) of
the terminologies and the variables. However, analysis of each identified
studies showed that there are few common variables present in each study.
The most frequently used variable in the identified studies is the degree
of reuse i.e., the number of reuse instances. It describes that the focus of
the study is on increasing the reuse instances of the reusable requirement.
Another measure, for the evaluation of approach, was the suitability of
the approach for the software product lines i.e., if the approach used can
support the software product lines. The third variable identified from the
studies was the development effort i.e., the impact of the approach on reducing the development time spent on the product development. Furthermore, few studies evaluated the impact of the approach on requirement
management, impact on risks associated with writing new requirements
and the impact on the quality of the requirements.
Positive Results: The impact of the above-mentioned variables is analyzed from the studies. It was found that all these studies describe only
the positive impact of the approaches. These studies do not describe the
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Table 2.15: Analysis of Case Studies, (+) refers to a positive result, (-) to a negative
result, and (∼) to an inconclusive result for the studied variables
#

Objective

Approach

Method

Measured Variables

Other Observations

S2

To propose & evaluate
method for early reuse in
aircraft control system.

The "FORE" (Family Of Requirements)
approach.

Case study,
Document
examination

SPL suitability (+), Degree of Reuse (+)

The study discusses the impact
of approach on development
and organizational processes.

S8

To provide a light weight
approach for automated
extraction of reusable requirements

An approach that develop requirements for reuse by extracting the
functional requirements profiles (FRP)
from natural language documents.

Experiment,
Document
examination

SPL suitability (+) ,
Quality of Requirements( ∼)

Focus group found the approach to be better & suggested
further evaluation before using
approach in industry.

S11

To propose approach that
increase reusability in
SPL with core assets.

The approach suggests a four step process to develop and generate requirements for reuse.

Case study,
Document
examination

SPL suitability (+) ,Degree of Reuse (+)

A case environment, DREAM, is
used to assist in the proposed
methodology.

S19

To investigate the benefits
of analogy as a method
for reusing requirements
specification.

The approach suggested in the study
uses a three steps step method to
develop and reuse requirements for
reuse.

Case study,
Document
examination

Degree of Reuse (+),
Development Effort
(+)

The study discusses a case tool,
Ira, to implement and describe
the proposed approach.

S20

To proposing a software
requirement structuring
approach to fill the shortcomings of existing approaches.

The new approach suggests to structure the requirements in the groups,
having sub-groups, based on the analysis of the product environment viewpoints.

Case study,
Document
examination

Acceptability (+), Development Effort (+)

A defined criteria and the shortcomings of the existing structuring approaches, were addressed
in the new requirement structuring approach.

S22

To propose a requirements reuse approach
that uses feature models
to support reuse in SPL

The approach uses a method called
PLUSS, based on feature modeling
to address the variability in different
products of a product line.

Case Study,
Document
Examination

Acceptability (+) , Degree of Reuse (+) ,SPL
suitability (+)

The study consists of multiple
data collection methods in order to address the research questions.

S26

To propose an ontologybased requirement reuse
approach for SPL.

The approach is applied with help of a
tool, OntSRDT, that develops a requirement artefact for the new product.

Case study,
Document
examination

Degree of Reuse (+)
, Quality of Requirements (+)

The study introduces different
matrices in order to measure the
mentioned variables.

S34

To compare & evaluate
two requirements reuse
approaches.

First approach reused requirements
from previous project & 2nd approach
reused from requirements pool.

Case study,
Document
examination

Degree of Reuse (+),
SPL suitability (+)

First approach is suitable for
non-stable domain, while second is suitable for stable one.

S36

To propose a approach
for elicitation, reusing
and managing software
requirements

The proposed approach uses SIREN
methodology for describing the reuse
of security requirements.

Case study,
Document
examination

Degree of Reuse (+),
Risk Assessment (+)

Security requirements were
used to explain the approach.

S38

To propose a systematic
requirements reuse process in the embedded
software domain.

The proposed approach is built on feature as fundamental unit for reuse of
requirements.

Case study,
Document
examination

Degree of Reuse(
∼)
Requirements
management ( ∼)

The approach is based on two
phases: (a) identification and
formulating requirements for
reuse (b) using the reusable requirements

S41

To propose, evaluate
and report the results
of project family based
requirements
reuse
approach.

The family based approach is based on
the products that share considerable
number of artefacts, with the possibility of reusing each other’s artefacts in
future.

Case study Degree of Reuse (+)
and
In- , Development Effort
terviews,
(+)
Document
examination

A detailed industry evaluation,
using case study and interviews,
was conducted to find the pros
and cons of the approach.

S45

To propose a requirements reuse approach
based on application of
families.

The approach assumes that similarity in application families can help
in reuse of requirements. Approach
consisted of three parts, requirements
pool, domain model & discriminants.

Case study,
Document
examination

SPL suitability (+)

The study utilizes a tool
"TRAM" during the execution.
The study extends the already
existing MARM model.

S48

To propose a reuse approach based on the reuse
of scenarios.

The study discusses scenario reuse approach & the impact of approach on
the domain and measurements associated with reuse of scenarios.

Case study,
Document
examination

Degree of Reuse (+ im- The study compares approach
pact), SPL suitability with contemporary approaches
(+)
& suggests different levels of abstractions of scenarios.

S56

To propose a approach
for scenario-based requirements engineering.

The approach derives scenarios from
use-cases & suggests reuse cases by
matching with existing scenarios.

Case study,
Document
examination

Degree of Reuse (+),
Requirement Management (+)

A tool, CREWS-SAVRE, is used
to implement and demonstrate
the approach.

S61

To propose a approach
for reuse of requirements
in SPL.

The approach uses parameterized discriminants to propose a process of capturing product line requirements.

Case study,
Document
examination

SPL suitability (+)

The study extends the already
existing MARM model.
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Table 2.16: Analysis of Experiments, (+) refers to a positive result, (-) to a negative
result, and (∼) to an inconclusive result for the studied variables
StudyObjective

Approach

Method

Variables

Other Observations

S1

To propose an approach
for objected oriented
specification reuse.

Specifications
with
similar
behavior (based on semantic
meaning) can be considered for
reuse.

Experiment,
Document
examination

Degree of Reuse
(+)

The study relies on the
semantic similarity to
retrieve the potential
reusable requirements.

S5

To propose a model for
reuse of requirements in
Requirements Catalog.

The requirements reuse model
for Software Requirement Catalog (RRMSRC)

Experiment,
Observation
Participant,
Document
examination

Degree of Reuse
(+), Development
Effort (+)

Enable
requirements
reuse in same domain,
the model is aimed
at small and medium
enterprises.

S15

To propose a computational model to facilitate
analogy detection.

Specifications can be reused by
detecting analogies.

Experiment,
CASE Tool

Degree of Reuse
(+), Complexity to
reuse (+)

The study discusses the
similarity analysis conducted by the model with
detection by humans.

S17

To propose that reuse
of requirements results
in greater reuse of other
software artefacts such as
model, code and tests.

The approach uses combination
of requirements patterns, traceability and patterns catalog.

Experiment,
Questionnaire

Requirement Management (+), Degree of Reuse (+)

Quantitative and qualitative approaches were
used to assess the effectiveness of this approach.

S27

To aid requirements specification generation using
pre-defined pattern based
templates.

The pre-defined templates can
be used to enable the reuse of
requirements using an ontologybased approach.

Experiment,
Questionnaire

Development Effort (+), Degree of
Reuse (+)

A tool, ReqSec, was used
in evaluation of this approach to develop SRS.

S42

To propose a approach
for assisted reuse of use
cases.

A requirements reuse approach
based on the semantics of UML
and diagrams.

Experiment,
Case tool

Degree of Reuse
(+)

The approach is illustrated with help of tool
called SCENASST, using
machine learning.

S54

To propose an approach
for task analysis for supporting reuse.

Integrate the requirements into
task models the enable the
reusability of requirements.

Experiment,
Questionnaire

Task Modeling (+),
Degree of Reuse
(+)

The study is about a tool,
LINK-UP, that is used
to design the notification
systems through reuse.

negative impact of the reuse approach on the software project or product
development. Only in one study the findings were considered inconclusive (S38) and impact of the approach on the measured variables was not
possible to analyze.
Methodology All the identified case studies used document examination as the method for data collection. This is understandable since the
software requirements are documented in the textual form. It was not possible to identify if the document examination was done with the help of
manual reading or by some other mechanism. The reuse approaches utilize human subjects and documents for analyzing the effectiveness of the
approach, thus using qualitative and quantitative assessment.
Tool Integration: In many cases, the requirement reuse approaches were
integrated into tools and the evaluation was conducted using the developed tool. The tools help in the collection, analysis, and generation of
reusable requirements. An overview of how the tool worked as well as the
snapshots of tool were provided by the studies. These tools automate the
steps defined by the approach to support the requirements reuse. More
than half of the case studies (S11, S19, S20, S22, S26, S36, S41, S45, S56)
used the help of a tool to support requirement reuse. A separate study is
required to analyze and compare the working of these tools.

64

4.3.4 Experiment Results
The studies based on the experiments are analyzed and evaluated with respect to the study objectives, approach, data collection methods, as well as
measured variables and other observations. The results of the experiment
based studies are summarized in Table 2.16. The prominent aspects of the
evaluation are described below:
Measured Variables: Similar to the variables used in the case studies
above, the degree of reuse is the most frequently used aspect that experiments based studies address. This measure describes the success of the
reuse approach narrated in the study. The studies, based on experiments,
evaluated aspects such as the impact of the approach on development effort, the impact on the complexity to reuse the requirements generated by
the described approach and the impact on the task modeling. Each study
described the impact as positive on each measured variable. The negative
results, such as the resources required to implement the approach, the impact on development process etc., were not described in the studies.
Methodology: The analyzed studies used qualitative and quantitative
approaches to assess the usefulness of the proposed reuse approach. The
studies used document examination, survey questionnaires, and observations as the methods for data collection.
Tool Integration: From the analysis of the experiment based studies it
was evident that these rely heavily on the tools in order to support the
reuse of requirements. All experiment based studies (S1, S5, S15, S17, S27,
S54) barring one (S42) used the tool as support for reuse.
Generalization of Results: The context and settings used in the experiments are not clearly described. The comparison of proposed approach
with contemporary approaches is missing from all the studies present in
Table 2.16. Different objectives of these studies and different contexts make
the generalization of the results a cumbersome task.
4.3.5 Reflection on Evaluated Studies
Overall with regard to analysis and evaluation of these empirical studies
we can conclude the following:
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Generalization of Results: The objectives of the identified studies were
not limited to the requirements reuse and these approaches work at different abstraction levels e.g., a study (S8) used functional requirement profiles
while another study is limited to reuse of security requirements (S36) only.
These studies do not discuss the applicability of the approaches in different contexts and settings. Therefore, it is a shortcoming present in the
identified case studies that generalization of the results is not possible.

• The domain and context specific requirement reuse approaches make
it difficult to generalize and use the results for other domains.
• Document examination is the most frequently used method for analysis of the requirements used by requirement reuse approaches.
• The degree of reuse is the most common measured variable. However, studies have a different understanding of this variable.
• The requirement reuse approaches can be integrated into tools as
well as development processes. Many studies (S1, S5, S11, S15, S17,
S19, S20, S22, S26, S27, S36, S41, S45, S54, S56) have demonstrated the
effectiveness of reuse approaches with help of similar integration.
4.4 RQ3: What was the rigor and relevance of empirical studies on requirements
reuse approaches?
The rigor and relevance evaluations were conducted on the studies that describe industrial evaluation. The data extraction was carried out for each attribute of rigor and relevance criteria, described in Section 3.4. One author
conducted this evaluation and later another author reviewed the evaluation separately in order to reconfirm the evaluation. The evaluation results
of the identified studies are presented in Table 2.17 and Table 2.18.
The results show that the studies scored higher on the relevance as compared to the rigor. Barring one study, all the studies scored the maximum
Table 2.17: Results obtained from Evaluation of Case Studies

Study

Rigor Rubrics

Relevance Rubrics

Context Study
Design

Validity Sum

Subject Context Scale

Total
Score

Research Sum
Method

S2

1

1

0

2

1

1

1

1

4

6

S8

0.5

1

0

1.5

1

1

1

1

4

5.5

S11

1

0.5

0

1.5

1

1

1

1

4

5.5

S19

1

0.5

0

1.5

1

1

1

1

4

5.5

S20

1

1

0

2

1

1

1

1

4

6

S22

1

1

1

3

1

1

1

1

4

7

S26

1

0.5

0

1.5

1

1

1

1

4

5.5

S34

1

0.5

0

1.5

1

1

1

1

4

5.5

S36

1

0.5

0

1.5

1

1

1

1

4

5.5

S38

0.5

0.5

0

1

1

1

1

1

4

5

S41

1

1

1

3

1

1

1

1

4

7

S45

1

0.5

0

1.5

1

1

1

1

4

5.5

S48

0.5

0

0

0.5

0

1

1

1

3

3.5

S56

1

1

0

2

1

1

1

1

4

6

S61

1

0.5

0

1.5

1

1

1

1

4

5.5
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Table 2.18: Results obtained from Evaluation of Experiments

Study

Rigor Rubrics

Relevance Rubrics

Total
Score

Context Study
Design

Validity Sum

Subject Context Scale

Research Sum
Method

S1

0.5

1

0

1.5

0

0

0.5

0

0.5

2

S5

1

1

0.5

2.5

1

0

0.5

1

2.5

5

S15

0.5

0

0

0.5

1

0

0.5

0

1.5

2

S17

1

0.5

0

1.5

1

0

0.5

0

1.5

3

S27

0.5

0.5

0

1

0

0

0.5

0

0.5

1.5

S42

0.5

0.5

0

1

0

0

0.5

0

0.5

1.5

S54

0.5

0.5

0

1

0

0

0.5

0

0.5

1.5

points on the relevance criteria. However, only two studies scored the maximum points on the rigor criteria. The threats to the validity of the studies
were absent in the majority of the studies.
Two studies (S22 [22] and S41 [41]) were identified that scored the highest on rigor and relevance criteria i.e., 7 points. These provided all details
on how the study was conducted; the study design, subjects and the details
of the validation were present in the studies. The majority of the evaluated
studies fall between 5.5 and 6 points. That means these studies were short
on answering one of the required aspects but discussed most of the required aspects mentioned in the rigor and relevance criteria. One study
scored low on rigor [48].
Overall, with regard to the evaluation, we can conclude that:
• From the results, we can see that the reuse approaches consisting of
text-based reusable requirements are preferred over non text-based
reusable requirement with respect to industrial evaluation. One-third
of the evaluated industrial studies, consisting of different reuse approaches, used the text-based reusable requirements.
• Only two studies described all aspects of rigor and relevance. Generally, the evaluated studies lacked one or two attributes required in
the rigor and relevance rubrics.
• Only one security requirements reuse study was evaluated in the
industry.
• Case studies scored higher on rigor and relevance as compared to
experiment based studies.
4.4.1 Characteristics of Studies with High Rigor and Relevance scores
The studies scoring highest on rigor and relevance (S22 & S41) rubrics
used requirement structuring and feature modeling to support require-
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ments reuse. Both were case studies and discussed the applicability of proposed approaches on software product lines. The studies describing the
combination of structuring as reuse approach and textual requirements as
reusable artefacts have scored higher on rigor and relevance. This was evident in both case study and experiment based studies. The highest scoring
studies utilised the tool support for the application of requirement reuse
approaches.
4.4.2 Characteristics of Studies with Low Rigor and Relevance scores
The lowest scoring studies (S42 and S54) used machine learning and task
models for supporting requirements reuse. It was observed that these studies were focused on describing the actual approach rather than describing
the evaluation, context and research method used for evaluation. In general, the experiment based studies scored the lowest in rigor as the information about study design and context was not described in detail. Another
reason for the studies to score low was missing information about the research method and context in the relevance part.
5

discussion

This section describes the lessons learned during the identification and
analysis of the studies. Each section below discusses different outcomes
of the study such as lack of the validation and impact of the choice of
reusable requirements.
Requirements Reuse Phases: Woo et al. suggested that requirements
reuse consists of three main activities retrieving, adapting, and consolidating [42]. The analysis of the studies showed that very few studies address
these three aspects of requirements reuse. Mainly, studies have described
one aspect in detail while failing to describe the impact on the other two
activities. The "Structuring" approaches (see Table 2.9) describe the "adaptation" of the requirements to facilitate the reuse. However, the studies do
not describe the retrieving and consolidation of the requirements in detail. Similarly, the "matching" approaches describe the retrieving part of
requirements reuse but do not describe the other two aspects (adaptation
and consolidation).
Solution Proposals for Requirements Reuse: The snowball sampling
was conducted to identify the studies regardless of the type of research
methodology used in the studies. It was found that majority of the studies on requirements reuse describe a solution proposal with the help of a
hypothetical example. These solutions start by describing an approach to
reuse the requirements and later apply the approach on an example. The
examples used in the studies vary from basic project requirements (such
as library management system) to more complex industrial examples (not
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real industrial system). These proposals provide a good way to describe
an approach but it is difficult to evaluate the strength of the proposal with
respect to industrial relevance.
Requirement Reuse Approaches: The investigation towards the identified studies showed that "Structuring" of requirements is the most used
approach to facilitate the reuse of requirements. The rigor and relevance
analysis shows that the "Structuring" was present in most of the evaluated
industrial studies. Many identified studies (in Table 2.9) do not describe
the industrial evaluation. These approaches were theoretically described
but the authors have not shared results of the industrial validation. Therefore, considerable work is needed for requirements reuse approaches to
be evaluated in the industry before comparing the pros and cons of these
approaches. It is hard to compare the approaches and their effect on requirements reuse because of the lack of validation. Furthermore, few identified studies were very similar and from the same authors (e.g., S1 & S12,
S68 & S69, S5 & S67, S16 & S19, S2 & S9 & S48), these studies were analyzed without considering their similarity in order to keep traceability and
reproducibility of snowball sampling.
Choice of Artefacts: A reusable artefact is a fundamental part on which
the whole reuse approach is based on. The identified studies show a variety of reusable artefacts that are used by the researchers and practitioners.
Similar to the requirements reuse approaches, most of these artefacts were
not evaluated in the industry. Many studies did not discuss the reusable
artefacts instead these studies focus on explaining the reuse approach. The
text-based artefacts are commonly used and evaluated. The results show
two lessons with respect to reuse artefacts: (i) only few artefact independent reuse approaches are present in literature, (ii) text-based artefacts are
easier to validate in the industry as compare to other artefacts, possibly
because of ease of use.
Security Requirements: The reuse of security requirements was discussed frequently in the identified studies. These studies were not focused
on broader requirements reuse and were limited to the reuse of security
requirements. Out of the final set, five studies discussed the methods to
reuse security requirements [6], [25], [27], [36], [52]. These studies used
different methods and different types of artefacts, see Table 2.9 and Table
2.10. Only one study [36] described the validation in the industry.
Missing Validity Threats: The rigor criteria checks that if a study has
discussed validity threats or not. It was found that the majority of the evaluated industrial studies do not describe the validity threats. Only 2 studies
([22], [41]) discussed all four types of the validity threats while majority of
the studies failed to discuss these threats. This lack of discussion on validity threats in studies makes it difficult for the reader to analyze and
interpret the results of the studies.

Increase in Requirements Reuse Studies: The analysis of the number of
publications by year highlights that more requirements reuse studies have
been published in the last 10 years compared to the previous years. Since
2002, the number of published requirements reuse studies has been greater
than during the previous fourteen years (1988-2001). A similar trend is
seen in the publication of studies with details of the industrial evaluation.
This is a positive sign and points to importance and interest in the field of
requirements reuse.
Saved Effort / Resources: The main benefit of reuse is to save effort and
resources that are spent on writing new artefact and avoid costs through
reuse [97]. However, we have found only one primary study (S41, [41]) that
discusses saved effort and resources with respect to the reuse of requirements. The majority of primary studies discuss details, execution, and results of requirement reuse approaches but these studies do not discuss
effort saved or effort avoided through reuse. This is a research gap that
should be addressed in future studies on reuse of requirements.
Developed for Reuse vs. Developed with Reuse: During the analysis of
requirements reuse approaches, we have faced difficulty in finding a common abstraction level that can be used to describe each requirement reuse
approach. The problem originates from the type of solution that requirements reuse approaches attempt to provide. Few approaches focused on
developing with reuse while other approaches focused on developing for
reuse. Similar problems were also reported by a previous study on reuse
of security requirements [64]. In future, a separate study should address
this research gap and help in proposing common abstraction level of requirements reuse approaches and reusable artefacts.
Comparison with Related Work: Several studies on the reuse of requirements have been reported for nearly three decades now. However, only
two studies have attempted to review the literature on reuse of software
requirements [76] [96]. The start set of the snowball sampling included a
study containing systematic literature review of requirements reuse studies [96]. This study by Azambuja et al. analyzed three different characteristics of identified studies such as methodologies, kinds of solution and
applications. A similar analysis was done in our study as well i.e., each
identified study was evaluated for characteristics such as research method,
tool support, repository support and product line support. However, we
broaden our study to further analyze the requirements reuse with respect
to reusable artefact and reuse approaches. In addition to all this, we have
performed an evaluation of the quality of industry-evaluated studies.
The comparison of results between this study and the study by Mussbacher and Kienzle shows the difference in search strategy (search strings
and limited to RE conferences) and the different classification of reuse approaches [76]. The strategy developed by Mussbacher and Kienzle accommodate any study that is classified by keyword "Reusability" in require-
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conclusion

The reuse of requirements can help in the identification of possibilities of
early reuse in product life cycle. Researchers have claimed that early reuse
can lead to greater benefits in terms of reducing costs and development
time as compared to reuse of code. The objective of this study was to identify the software requirement reuse approaches, identify important lessons
from analysis of these identified approaches and perform a quality assessment of the identified empirical studies.
The snowball sampling technique helps in the identification of primary
studies, similar to systematic literature review performed using database
search. A start set of eleven articles was developed and each article in the
start set was inspected for (i) reference list, and (ii) citations of articles
using Google Scholar. Each article present in the reference list and citation list was analyzed for inclusion and exclusion criteria. Similarly, five
iterations were performed before we reached the state where no new article was identified. Sanity checks were performed using different reviewer
and database search. In total 69 studies were identified that matched the
inclusion and exclusion criteria present in the study. These studies were
then investigated and a data extraction form was used to extract relevant
data. To further evaluate the quality of empirical studies, rigor and relevance evaluation were performed. Following are the research questions
addressed in this article and the respective outcome of these questions.
RQ1: What are the different software requirements reuse approaches present
in literature? The analysis of sixty-nine primary studies, that were found
using the snowball sampling, shows that eleven different requirements
reuse approaches are present in the literature. Structuring of the requirements is the most commonly used approach for increasing the reusability
of the artefact. Other identified approaches that are described in studies
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ments engineering conferences [76]. Many studies included by Mussbacher
and Kienzle did not match the inclusion/exclusion criteria developed for
this study (present in Section 3.3.2). The other fundamental difference is
present in the classification of the reuse approaches. The approaches were
classified based on different nomenclature in both studies.
This study adds to the work of Mussbacher and Kienzle [76] and Azambuja et al. [96] (i) by re-evaluating the identified studies using clearly defined inclusion/exclusion criteria, (ii) by assessing the characteristics (such
as artefact type, tool support) of the requirements reuse approaches and
(iii) by providing quality evaluation of the studies through rigor and relevance criteria. The difference in primary studies highlights the importance
of the search strategies and inclusion and exclusion criteria of literature
reviews as pointed out by Kitchenham [84].

are matching similar requirements, analogy, parametrization of the requirements and combination of these approaches. These approaches are based
on different types of reusable requirements e.g., textual form, abstract requirements, use cases etc.,
RQ2: How have the requirements reuse approaches identified in RQ1 been evaluated, and what was the outcome? It was found that only a subset of identified
approaches have been evaluated in the industry. Twenty-two studies (15
case studies and 7 experiments) were evaluated with respect to reuse approach, data collection, measured variables and important lessons. It was
found that text-based requirement reuse approaches are frequently evaluated in the industry. It was observed that empirical studies have only
described the positive results with respect to requirement reuse, the negative impact of approaches are not discussed at all. Document examination
is the most commonly used method for the analysis of requirements. The
results of evaluated studies were difficult to generalize, as the context and
validity threats are not discussed in many studies.
RQ3: What was the rigor and relevance of empirical studies on requirements
reuse approaches? The rigor and relevance evaluation shows that the case
study based articles have described the details better than the experiment
based studies. The analysis of the rigor and relevance scores show the
following important conclusions: (i) studies based on requirement structuring, as a reuse approach, or text, as the requirements form, have scored
higher on rigor and relevance scales, (ii) the highest scoring studies have
discussed the impact of proposed reuse approach in software product lines
context, (iii) the supporting tools, implementing the requirements reuse approach, have no distinct impact on the rigor and relevance of studies, (iv)
experiment based studies have scored lower in rigor and relevance since
these studies lack detail of study design, context and research method used
and, (v) the reuse approaches do not discuss the effort saved and avoided
through reuse.
Nearly two-third of the requirements reuse approaches are not validated
in the industry. The analysis of the non-validated studies does not show
any reason behind this lack of evaluation. In future, authors would like to
expand on this finding and try to identify the reasons behind this lack of
industrial validation of requirements reuse approaches. Furthermore, varieties of different tools are used by different requirement reuse approaches
and these tools can help in automating the requirement reuse steps. A separate study is required to analyze the working of these tools, their strengths,
and weaknesses.
7
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Table 2.19: Final set of studies from Systematic Literature Review.

No.

Detail

S1

Chou, S. C., Chen, J. Y., & Chung, C. G. (1996). A behavior-based
classification and retrieval technique for object-oriented specification reuse. SOFTWARE-PRACTICE & EXPERIENCE, 26(7),
815-832. [1]

S2

Lam, W. (1998). A case-study of requirements reuse through
product families. Annals of Software Engineering, 5(1), 253-277.
[2]

S3

Franch, X., Palomares, C., Quer, C., Renault, S., & De Lazzer,
F. (2010). A metamodel for software requirement patterns. In
Requirements Engineering: Foundation for Software Quality (pp.
85-90). Springer Berlin Heidelberg. [3]

S4

Monzon, A. (2008, September). A practical approach to requirements reuse in product families of on-board systems. In International Requirements Engineering, 2008. RE’08. 16th IEEE (pp.
223-228). IEEE. [4]

S5

Pacheco, C. L., Garcia, I. A., Calvo Manzano, J. A., & Arcilla,
M. (2015). A proposed model for reuse of software requirements
in requirements catalog. Journal of Software: Evolution and Process, 27(1), 1-21. [5]

S6

Sindre, G., Firesmith, D. G., & Opdahl, A. L. (2003, June). A
reuse-based approach to determining security requirements. In
Proceedings of the 9th international workshop on requirements
engineering: foundation for software quality (REFSQ?03), Klagenfurt, Austria. [6]

S7

Paydar, S., & Kahani, M. (2015). A semantic web enabled approach to reuse functional requirements models in web engineering. Automated Software Engineering, 22(2), 241-288. [7]

S8

Niu, N., Savolainen, J., Niu, Z., Jin, M., & Cheng, J. R. C. (2014).
A systems approach to product line requirements reuse. Systems
Journal, IEEE, 8(3), 827-836. [8]

S9

Lam, W. (1997). Achieving requirements reuse: a domainspecific approach from avionics. Journal of Systems and Software, 38(3), 197-209. [9]
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S10

Chen, K., Zhang, W., Zhao, H., & Mei, H. (2005, August).
An approach to constructing feature models based on requirements clustering. In Requirements Engineering, 2005. Proceedings. 13th IEEE International Conference on (pp. 31-40). IEEE.
[10]

S11

Moon, M., Yeom, K., & Chae, H. S. (2005). An approach to developing domain requirements as a core asset based on commonality and variability analysis in a product line. Software Engineering, IEEE Transactions on, 31(7), 551-569. [11]

S12

Chou, S. C., Chen, J. Y., & Chung, C. G. (1996). An executable
specification language for specification understanding in objectoriented specification reuse. Information and Software Technology, 38(6), 419-434. [12]

S13

Montabert, C., McCrickard, D. S., Winchester, W. W., & Pï¿œrezQuiï¿œones, M. A. (2009). An integrative approach to requirements analysis: How task models support requirements reuse
in a user-centric design framework. Interacting with Computers,
21(4), 304?315. [13]

S14

Massonet, P., & Van Lamsweerde, A. (1997, January). Analogical
reuse of requirements frameworks. In Requirements Engineering, 1997., Proceedings of the Third IEEE International Symposium on (pp. 26-37). IEEE. [14]

S15

Spanoudakis, G. (1996). Analogical reuse of requirements specifications: A computational model. Applied artificial intelligence,
10(4), 281-305. [15]

S16

Maiden, N. (1991). Analogy as a paradigm for specification
reuse. Software Engineering Journal, 6(1), 3-16. [16]

S17

Benitti, F. B. V., & da Silva, R. C. (2013). Evaluation of a systematic approach to requirements reuse. Journal of Universal Computer Science, 19(2), 254?280. [17]

S18

Wild, C., & Rosca, D. (1994, September). Evolution and reuse of
formal specifications using decision structures. In KnowledgeBased Software Engineering Conference, 1994. Proceedings.,
Ninth (pp. 108-115). IEEE. [18]

S19

Maiden, N., & Sutcliffe, A. (1992). Exploiting reusable specifications through analogy. Communications of the ACM, 35(4),
55-64. [19]
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S20

Hauksdóttir, D., Mortensen, N. H., & Nielsen, P. E. (2013). Identification of a reusable requirements structure for embedded products in a dynamic market environment. Computers in Industry,
64(4), 351-362. [20]

S21

Griss, M. L., Favaro, J., & Alessandro, M. D. (1998, June). Integrating feature modeling with the RSEB. In Software Reuse,
1998. Proceedings. Fifth International Conference on (pp. 76-85).
IEEE. [21]

S22

Eriksson, M., Börstler, J., & Borg, K. (2009). Managing requirements specifications for product lines?An approach and industry case study. Journal of Systems and Software, 82(3), 435-447.
[22]

S23

Ryan, K., & Mathews, B. (1993, January). Matching conceptual
graphs as an aid to requirements re-use. In Requirements Engineering, 1993., Proceedings of IEEE International Symposium on
(pp. 112-120). IEEE. [23]

S24

Moros, B., Toval, A., & Vicente Chicote, C. (2008). Metamodeling variability to enable requirements reuse. In Proceedings of
EMMSAD (p. 141). [24]

S25

Velasco, J. L., Valencia Garcia, R., Fernandez-Breis, J. T., & Toval, A. (2009). Modelling reusable security requirements based
on an ontology framework. Journal of Research and Practice in
Information Technology, 41(2), 119. [25]

S26

Karatas, E. K., Iyidir, B., & Birturk, A. (2014, December).
Ontology-Based Software Requirements Reuse: Case Study in
Fire Control Software Product Line Domain. In Data Mining
Workshop (ICDMW), 2014 IEEE International Conference on (pp.
832-839). IEEE. [26]

S27

Daramola, O., Sindre, G., & Stalhane, T. (2012, September).
Pattern-based security requirements specification using ontologies and boilerplates. In Requirements Patterns (RePa), 2012
IEEE Second International Workshop on (pp. 54-59). IEEE. [27]

S28

Finkelstein, A. (1988). Re-use of formatted requirements specifications. Software Engineering Journal, 3(5), 186-197. [28]
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S29

Melikhova, L., Elcock, A., Dovzhikov, A. A., Bulatov, G., & Vavilov, D. O. (2007, June). Reengineering for system requirements
reuse: methodology and use-case. In 2007 IEEE International
Symposium on Consumer Electronics. [29]

S30

Cybulski, J. L., & Reed, K. (2000). Requirements classification
and reuse: crossing domain boundaries. In Software Reuse: Advances in Software Reusability (pp. 190-210). Springer Berlin Heidelberg. [30]

S31

Schmitz, D., Nissen, H. W., Jarke, M., Rose, T., Drews, P., Hesseler, F. J., & Reke, M. (2008, September). Requirements engineering for control systems development in small and mediumsized enterprises. In International Requirements Engineering,
2008. RE’08. 16th IEEE (pp. 229-234). IEEE. [31]

S32

Konrad, S., & Cheng, B. H. (2002). Requirements patterns for
embedded systems. In Requirements Engineering, 2002. Proceedings. IEEE Joint International Conference on (pp. 127-136).
IEEE. [32]

S33

Shehata, M., Eberlein, A., & Hoover, J. (2002, December). Requirements reuse and feature interaction management. In 15th
International Conference on Software & Systems Engineering
and their Applications (ICSSEA?02), Paris, France. [33]

S34

Hauksdóttir, D., Vermehren, A., & Savolainen, J. (2012). Requirements reuse at Danfoss. In 2012 20th IEEE International Requirements Engineering Conference, RE 2012 - Proceedings (pp.
309?314). IEEE. doi:10.1109/RE.2012.6345820 [34]

S35

Perednikas, E. (2008). Requirements Reuse Based on Forecast of
User Needs. In Proceedings of the 20th EURO Mini Conference
on Continuous Optimization and Knowledge-Based Technologies, Neringa, Lithuania (pp. 450-455). [35]

S36

Toval, A., Nicolas, J., Moros, B., & Garcia, F. (2002). Requirements reuse for improving information systems security: a practitioner?s approach. Requirements Engineering, 6(4), 205-219.
[36]

S37

Gomaa, H. (1995). Reusable software requirements and architectures for families of systems. Journal of Systems and Software,
28(3), 189-202. [37]
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S38

Lee, S., Ko, H., Han, M., Jo, D., Jeong, J., & Kim, K. (2007, April).
Reusable sw requirements development process: Embedded sw
industry experiences. In Software Engineering Conference, 2007.
ASWEC 2007. 18th Australian (pp. 147-158). IEEE. [38]

S39

Gotzhein, R., Kronenburg, M., & Peper, C. (1998, January). Reuse
in requirements engineering: Discovery and application of a realtime requirement pattern. In Formal Techniques in Real-Time
and Fault-Tolerant Systems (pp. 65-74). Springer Berlin Heidelberg. [39]

S40

Castano, S., & De Antonellis, V. (1993, January). Reuse of conceptual requirement specifications. In Requirements Engineering, 1993., Proceedings of IEEE International Symposium on (pp.
121-124). IEEE. [40]

S41

Goldin, L., Berry, D. M. (2015). Reuse of requirements reduced
time to market at one industrial shop: a case study. Requirements Engineering, 20(1), 23-44. [41]

S42

Woo, H. G., & Robinson, W. N. (2002). Reuse of scenario specifications using an automated relational learner: a lightweight approach. In Requirements Engineering, 2002. Proceedings. IEEE
Joint International Conference on (pp. 173-180). IEEE. [42]

S43

Bonilla-Morales, B., Crespo, S., & Clunie, C. (2012). Reuse of use
cases diagrams: an approach based on ontologies and semantic
web technologies. Int. J. Comput. Sci, 9(1), 24-29. [43]

S44

Pooley, R., & Warren, C. (2008, October). Reuse through requirements traceability. In Software Engineering Advances, 2008. ICSEA’08. The Third International Conference on (pp. 65-70). IEEE.
[44]

S45

Mannion, M., Kaindl, H., Wheadon, J., & Keepence, B. (1999,
May). Reusing single system requirements from application family requirements. In Proceedings of the 21st international conference on Software engineering (pp. 453-462). ACM. [45]

S46

Blok, M. C., & Cybulski, J. L. (1998, December). Reusing UML
specifications in a constrained application domain. In Software
Engineering Conference, 1998. Proceedings. 1998 Asia Pacific
(pp. 196-202). IEEE. [46]
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S47

Saeki, M. (1999). Reusing use case descriptions for requirements
specification: towards use case patterns. In Software Engineering
Conference, 1999.(APSEC’99) Proceedings. Sixth Asia Pacific (pp.
309-316). IEEE. [47]

S48

Lam, W. (1997, December). Scenario reuse: A technique for
complementing scenario-based requirements engineering approaches. In Software Engineering Conference, 1997. Asia Pacific... and International Computer Science Conference 1997.
APSEC’97 and ICSC’97. Proceedings (pp. 332-341). IEEE. [48]

S49

Johnson, W. L., & Harris, D. R. (1991, September). Sharing and
reuse of requirements knowledge. In Knowledge-Based Software Engineering Conference, 1991. Proceedings., 6th Annual
(pp. 57-66). IEEE. [49]

S50

Keepence, B., Mannion, M., & Smith, S. (1995). SMARTRe requirements: writing reusable requirements. In Systems Engineering of Computer Based Systems, 1995., Proceedings of the 1995
International Symposium and Workshop on (pp. 27-34). IEEE.
[50]

S51

Periyasamy, K., & Chidambaram, J. (1996, November). Software
reuse using formal specification of requirements. In Proceedings
of the 1996 conference of the Centre for Advanced Studies on
Collaborative research (p. 31). IBM Press. [51]

S52

Firesmith, D. G. (2003). Analysing and specifying reusable security requirements. Journal of object technology 3, no. 1. [52]

S53

Sutcliffe, A., & Maiden, N. (1992, January). Supporting component matching for software reuse. In Advanced Information Systems Engineering (pp. 290-303). Springer Berlin Heidelberg. [53]

S54

Montabert, C., Bussert, D., Gifford, S. S., Chewar, C. M., & McCrickard, D. S. (2005, July). Supporting requirements reuse in notification systems design through task modeling. In Proc. 11th International Conference on Human-Computer Interaction (HCII
?05). [54]

S55

Sutcliffe, A. G., Maiden, N. A., Minocha, S., & Manuel, D. (1998).
Supporting scenario-based requirements engineering. Software
Engineering, IEEE Transactions on, 24(12), 1072-1088. [55]
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S56

Biddle, R., Noble, J. and Tempero, E., 2002. Supporting reusable
use cases. In Software Reuse: Methods, Techniques, and Tools
(pp. 210-226). Springer Berlin Heidelberg. [56]

S57

Von Knethen, A., Paech, B., Kiedaisch, F., & Houdek, F. (2002).
Systematic requirements recycling through abstraction and traceability. In Requirements Engineering, 2002. Proceedings. IEEE
Joint International Conference on (pp. 273-281). IEEE. [57]

S58

Naish, J., & Zhao, L. (2011, August). Towards a generalised
framework for classifying and retrieving requirements patterns.
In Requirements Patterns (RePa), 2011 First International Workshop on (pp. 42-51). IEEE. [58]

S59

Alexander, I., & Kiedaisch, F. (2002). Towards recyclable system
requirements. In Engineering of Computer-Based Systems, 2002.
Proceedings. Ninth Annual IEEE International Conference and
Workshop on the (pp. 9-16). IEEE. [59]

S60

Heumesser, N., & Houdek, F. (2003, May). Towards systematic recycling of systems requirements. In Software Engineering,
2003. Proceedings. 25th International Conference on (pp. 512519). IEEE. [60]

S61

Mannion, M., & Kaindl, H. (2008). Using parameters and discriminants for product line requirements. Systems engineering,
11(1), 61-80. [61]

S62

Schmitt, C. and Liggesmeyer, P., 2015. A Model for Structuring
and Reusing Security Requirements Sources and Security Requirements. In REFSQ Workshops (pp. 34-43). Vancouver [62]

S63

Dehlinger, J. and Lutz, R.R., 2005, May. A product-line requirements approach to safe reuse in multi-agent systems. In ACM
SIGSOFT Software Engineering Notes (Vol. 30, No. 4, pp. 1-7).
ACM. [63]

S64

Marrero, M., Sanchez Cuadrado, S., Fraga, A., & Llorens, J.
(2008, May). Applying ontologies and intelligent text processing
in requirements reuse. In First workshop on knowledge reuse
(KREUSE?08) (pp. 25-29). [64]

S65

Chiang, C.C. and Neubart, D., 1999, February. Constructing
reusable specifications through analogy. In Proceedings of the
1999 ACM symposium on Applied computing (pp. 586-592).
ACM. [65]
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S66

Lopez, O., Laguna, M.A. and Garcia, F.J.,
analysis and clustering of requirements
Proceedings of the Eighth International
quirements Engineering: Foundation for
(REFSQ?02) (pp. 71-82). [66]

S67

Pacheco, C., Garcia, I., Calvo-Manzano, J.A. and Arcilla, M.,
2016. Reusing functional software requirements in small-sized
software enterprises: a model oriented to the catalog of requirements. Requirements Engineering, pp.1-13. Vancouver [67]

S68

Bakar, N.H., Kasirun, Z.M. and Salleh, N., 2015, December.
Terms Extractions: An Approach for Requirements Reuse. In Information Science and Security (ICISS), 2015 2nd International
Conference on (pp. 1-4). IEEE. [68]

S69

Bakar, N.H., Kasirun, Z.M. and Jalab, H.A., 2014. Towards Requirements Reuse: Identifying Similar Requirements with Latent
Semantic Analysis and Clustering Algorithms. In Proc. of the
Second Intl. Conf. on Advances In Computing, Communication
and Information Technology-CCIT 2014 (pp. 19-24). [69]
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Defect Triage Meetings:
Challenges and Lessons Learned
1

introduction

Large software systems consist of many smaller sub-systems (components),
where each smaller sub-system is developed, tested, released and integrated into the large system in a systematic way [1]. In these large software systems identifying a defect's origin, root cause, severity and the correct component becomes challenging because it requires understanding of
all the sub-systems that together forms the larger system [2]. Brajnik described triage as a process of prioritising defects and removing the invalid,
duplicate etc., defects [3]. Project managers often hold defect triage meetings to discuss the open defects with stakeholders [4] [5]. The defect triage
meetings are the forums where all the defects reported on the software
component are discussed and evaluated. This activity tends to be error
prone and difficult to execute, as pointed out by Akila and Zayaraz [6].
Each organisation has its own defect reporting and tracking processes but
defect triage meeting are common practice present in medium and large
software organisation [7]. Pearse et al. described the importance of defect
triaging and discuss the difficulties that arise if the process is missing e.g.,
increased defect fix time [8]. Jaweria and Onaiza presented a method for automating the defect triaging process using classification based approach [9].
Several different methods for conducting the defect triage are described in
previous literature [10] [11]. However, majority of these studies present in
literature address the triaging process but do not discuss the triage meeting
which is an important part of triaging process. In this experience report,
we have attempted to fill this gap and narrated our own experience of conducting the defect triage meetings and the lessons learned during these
meetings.
This experience report is based on an industrial project in which large
software is developed, tested, released and maintained on the behalf a
client. The defects identified by the system test team were reported in
defect management system and later these defects were attended by the
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corresponding developers and product owners. The defect triage meeting
provided a venue where all stakeholders can discuss the defects, defect
reports and other relevant concerns.
The Section 2 describes the context, motivation and details about the
triage meetings. The challenges and the solution to these challenges are
described in Section 3. The section 4 enlists the important lessons identified
by the industrial report.
2

industrial experience: triage meetings

2.1 Context
The industrial report described here is from an agile software organisation
(200+ employees) that develops software for telecommunication and point
of sales devices. These points of sales are installed with software that consisted of graphical front-end, a backend and a database. This report comes
from one of the customer projects where point of sales software is sold
to a customer. The customer project involved thirteen development teams
consisting of developers, testers and product owners (150+ members), one
system test team of 15 members, a release team of three members and
one project manager. During the execution of the project, the management
wanted to have a forum where all the defect reports can be discussed i.e.
triage meetings.
The triage meetings are conducted for the duration of customer project
(2015 - 2017) and various practitioners attended these meetings regularly.
The large software system (around 100,000 lines of code) is under development and new defects are found on released versions every day. Separate
teams developed each of these sub-system and these teams are located
in three different countries. Hence, the triage meeting times are decided
based on the availability of at least one participant from each team. Remotely located participants joined these meetings through an online link,
enabling them to hear the audio and see the screen shared by the host.
The challenges and lessons learned are gathered from the project settings
described above.
2.2 Motivation
The factors driving the triage meeting are:
1. Identify the delays (early in project lifecycle) that can impact the business critical software releases i.e. to check severity and priority of the
reported defects if these defects can cause delay to the promised releases.
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2.3 Execution of Triage Meetings
The triage meeting participants are decided bi-annually after the discussion between test manager, product managers and project manager. The
defect triage meetings are conducted twice a week. Each participant, from
the development and test teams, is instructed to study the new defects that
arrived since last meeting (list available in defect management system) and
identify the impact of these defects on their respective product. Important
attributes related to the execution of triage meetings are listed below:
1. Purpose: Decision making forum for all the newly reported defects
since last meeting and unfixed defects discussed preivously.
2. Participants: The test manager, representative from each development team and system test team. The product manager and project
manager's participation is optional.
3. Duration: 30 minutes (but often meetings are extended to one hour)
4. Driver: Test manager is responsible for conducting and driving these
meetings and inviting suitable participants.
5. Meeting notes: Taken by the test manager and shared later on email
with participants.
6. Action Points: The defect reports that require more information are
assigned to a relevant person during the meeting and action to be
taken is listed in the report's comment section.
3

challenges and solutions

During the initial months (Jan 2015-April 2015), these meetings were held
in ad hoc manner. There was confusion regarding various aspects of these
meetings and the meetings were non-productive. The test manager organised a retrospective meeting to identify and fix the problems related to the
triage process and meetings. In this meeting, three main challenges were
identified by the participants and solutions were proposed to overcome
all these challenges. The following section lists these challenges and the
solution to these challenges.
3.1 Identified Challenges
The three main challenges related to the triage meetings (as identified by
the meeting participants) are:
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2. Share information about defects, fixes and any other important information related to the defect management.
3. Resolve differences and disputes related to the defect reports.

3.1.1 Challenge One: Ineffective meetings
The triage meetings require a large number of participants to be present in
each meeting therefore it is necessary to organise these meetings in meaningful and controlled way so that waste is minimised. For example, many
participants started discussing the automated regression tests and their
failures during the triage meetings, thought the purpose of the meeting
was different. For this purpose a guideline is developed and this guideline
is excessively used during the defect triage meetings (present in Section
3.2.1).
3.1.2 Challenge Two: Defect's validity
The development team representatives and the system test team representative are often in conflict over validity of the defect reports. These discussions lead to the waste of valuable time for the other meeting participants.
For example, a system tester considers the wrong values on user interface
as a defect on user interface component but the developers of the user interface think that these values are wrong in the database and want to reject
this defect as not applicable on the user interface, this causes long debates
over the validity of the defect thus wasting valuable time.
3.1.3 Challenge Three: Lack of responsibility
There was confusion over the delegation of the duties and the responsibilities associated with each participant. This confusion lead to cases where
defect reports were not attended by any of the development teams. For example, there were many defects of high severity that were not taken by any
component team, even though all the details in defect report were present.
3.2 Solution to addreess the challenges
3.2.1 Solution to Challenge One: Triage Meeting's agenda
To reduce unnecessary information and discussions, the following agenda
was developed and used during each triage meeting. Participants were not
allowed to discuss anything other than the following agenda.
• To determine that the information required for fixing of the defect is
present and correct component is assigned.
• To report on the status of defects present in backlog or under development.
• To discuss defects those are source of conflict or confusing.
Effect of solution based on feedback: Strictly following the decided
agenda helped in reduction of unnecessary discussions. The participants
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3.2.2 Solution to Challenge Two: Acceptance or Rejection Criteria
To reduce arguments and discussions an acceptance and rejection criteria
was developed. If defect report contains following information, then it is
always accepted as a defect:
• Defect report contains relevant logs of the components.
• Defect report belongs to a feature already delivered to the system
test team. Or defect points to the lack of written requirements and
the product owner agrees to this missing requirement.
• The described defect is not reproducible on latest code base (i.e. already fixed).
• The described defect is reported on the correct component name (predefined name) and correct released version is mentioned.
Effect of solution based on feedback: Defect report not fulfilling the above
requirements was rejected (or resolved when not reproducible on latest
code) and assigned back to the defect reporter. The defect reporter was
asked to address the action points mentioned in the comment section of
the defect or close the defect report. This helped in reducing the arguments
over the origin, quality and validity of the defects. Each discussion was decided based on the defined acceptance / rejection criteria, thus preventing
long arguments and involvement of decision makers.
3.2.3 Solution to Challenge Three: Delegation of Duties
Following delegation of duties were decided during the retrospective meeting:
• product development team representative is responsible for accepting and rejecting defects, based on mutual understanding with system test team and using the acceptance / rejection criteria.
• test manager is responsible for taking decisions related to the defect
management process but cannot decide on the validity of the defect.
• product owners are involved in case of disputes regarding the validity, priority and severity of any defect report.
• product development team representative is responsible for driving
the solution for fixing the defect, on behalf of the product team.
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knew what they were suppose to discuss and they came to meetings well
prepared. Majority of the participants knew when it was there turn to
speak and provide the feedback and when to sit back and listen to others.
The test manager, driving the meetings, was happy that duration of the
meetings has reduced and effectiveness of the meetings has increased with
this solution.

Effect of solution based on feedback: The clearly defined responsibilities
helped in convincing participants about their duties towards triage process and action points that they need to handle. This resulted in benefits at
various levels such as time for fixing the defect was reduced because the
development team representative always tried to have the defect fixed before the triage meetings, the product owners knew that their participation
is only required in cases of conflict and the test manager's workload was
decreased as well.
4

discussion: lessons learned

After one year of executing the triage meetings, using the proposed guidelines, each participant of the meeting was asked about the lessons learned.
The lessons learned here are based on their feedback. Following important
lessons are aggregated:
4.1 Better quality of defect reports (from challenge Two)
The defect triage meetings helped in improving the quality of the defect
reports since all the information needs of a developer (logs, severity, release
version) are always present in the report. Each defect report is evaluated
in triage meeting before the defect report reaches the developer and the
incomplete defect reports are rejected before they reach the development
teams. This helps in saving time by reducing the feedback loop. The defect
reporters, with passage of time, got educated in what information to write
in the defect report before posting it to the triage meeting or development
teams.
4.2 Systematic ways of working (from challenge One)
The guidelines introduced for conducting the triage meetings and resolving conflicts resulted in smooth ways of working with regard to defect
management process. Each participant knew what to expect from these
meetings and what are the responsibilities of each participants.
4.3 Shielding development teams (from challenge Three)
The inclusion of only one participant from each team resulted in protecting the remaining team members from unnecessary questions from other
teams, related to the defect reports. These development team members are
happy that they can focus on the development task while one of their team
members takes care of all the administrative issues. Each team member
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knew that they could ask the representative about the details (concerns)
related to defect.
4.4 Meeting preparation (from challenge One)
Each participant was asked to go through the new defect reports before
the triage meetings. This helps in keeping to the agenda of the meeting
and reducing the triage time per defect.
4.5 Knowledge Sharing (from challenge Three)
The systematic way of conducting the triage meetings helped in providing
a common forum where representatives from different teams can provide
feedback on different aspects of a defect report. This helped in building
the competence across the teams and enable participants to understand
the software system in better way. The team representatives in the meetings are replaced with new team members after every six months. This
helps in spreading the information related to the defect management process among the teams. This also helps in keeping the team representatives
motivated for triage meetings.
4.6 Guidelines for other companies
By describing the important lessons, issues and the solution to these issues, the study makes an attempt to improve the planning and execution
of triage meetings. Different organisations can learn from this experience
while formulating their own defect triage processes.
5

conclusions

Defect triage meetings provide a common venue to discuss, modify, prioritise and clarify the defect reports. This industry experience report narrates
the guidelines, the lessons and the challenges associated with conducting
the defect triage meetings. We have described the way these meetings are
conducted, the motivation and the purpose behind these meetings, and
the participants required for these meetings. The three main challenges, as
identified by the participants, are also described along with their solution.
The three main challenges are (i) keeping focus on the agenda, (ii) providing a mechanism for resolving conflicts related to the defect reports, and
(iii) delegation of the duties. We have introduced guidelines to overcome
these challenges and these guidelines are still in use at the company. The
effect of each guidelines is also described in the experience report. Furthermore, the lessons associated with the triage meetings are also highlighted
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in the report. These lessons are (i) better quality of defect reports, (ii) Systematic ways of working, (iii) Shielding development teams, (iv) Meeting
preparation, and (v) Knowledge Sharing. In future study, I would like to
perform a detail analysis of the impact of guidelines when used by other
customer projects and evaluate the applicability of the identified results.
This will give me an opportunity to further evaluate the guidelines and
generalise the results.
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Reuse Potential in Behavior
Driven Development: An
Exploratory Study
1

summary

Background: The reuse potential describes the unexploited reuse opportunity that is present in a software artifact. Identification of reuse potential
helps in a variety of software engineering problems such as refactoring,
reverse-engineering, reuse etc. Behavior-driven development (BDD) is a
variant of test-driven development, where the test cases are written in a
structured form describing the behavior of the system. Analyzing the structured textual form may provide the possibilities of understanding and thus
exploiting the reuse potential in BDD test suites.
Objectives: This study aims (a) to propose approaches that can assess the
reuse potential in Behavior Driven Development (BDD) test-cases, (b) to
evaluate the proposed approaches in the industry, and (c) to identify
lessons learned from the reuse potential of BDD test cases.
Method: We conducted two industrial case studies on BDD test-cases from
different contexts. We have evaluated the use of normal compression distance to measure the reuse potential of BDD test cases. Furthermore, we
have proposed and evaluated a metric, Similarity Ratio, that can identify
and classify the reuse potential of BDD test-cases. The results from these
two approaches were evaluated in comparison with results from experts
and important findings were listed.
Results: The results show that both NCD and Similarity Ratio metric performed well during the industry evaluation and similar test case pairs
were correctly identified by both approaches when compared with the
similar pairs identified by the experts. A comparison of results from both
approaches showed that similarity ratio performed marginally better than
NCD. These approaches can be automated to speed up the analysis and
these are domain independent approaches.
Conclusion: The industrial evaluation shows that there is a reuse opportunity present in the BDD test-cases. Furthermore, the industrial evaluation
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of proposed approaches shows that NCD and similarity ratio can identify
the reuse potential of BDD test cases, however, there is a chance of false
positives in case of NCD based approach. The ease of use and simplicity
of the approaches meant that these can be easily used and understood by
practitioners, as shown by the feedback given by the practitioners.
2

introduction

Initially, Behavior-driven development (BDD) was introduced to overcome
the difficulties (e.g., what to test, how much to test) faced during testdriven development [1]. However, nowadays, it is emerging as a separate
software development process [2]. It consists of several practices that are
influenced by test-driven and domain-driven development and these practices are designed to fulfil the business goals [3]. Behavior-driven development (BDD) helps in understanding the business aspects or user-centred
scenarios of software by providing an effective communication language
between development teams and business stakeholders. This helps in reducing the problems with software requirements i.e. information loss [4]
and focusing on the actual goal i.e. building the right software. BDD tries
to address the information loss by providing the same vocabulary to be
used by the business analysts, developers, testers and managers while discussing requirements.
BDD starts with identification and representation of business requirements in a common language i.e. ubiquitous textual language [5]. These
requirements reflect the expected behavior of the system and these requirements are then used to develop test-cases that verify these requirements [6].
These tests cases always check the business aspects of the application. Similar to Test-Driven development, BDD also requires the support of tools
(e.g., test-runner, test reporting) to execute and evaluate the BDD test cases.
The test cases are automated, in order to integrate into the development
process, and executed frequently.
The test cases, reflecting the specification, are often described in Gherkin
Language format [7]. The Gherkin format is not a requirement of BDD but
it is often used as state-of-practice in industry [8] [9]. The text-based format
requires all the business specifications to be written in already defined
format. Examples of different business scenarios described by this format
can be found in literature [3] [5] [9].
Software reuse was termed as an approach for reducing costs, improving quality and decreasing the development time of a product [1] [2] [9].
The academic literature is full of anecdotes of software reuse and its effects [13] [4] [15]. Software reuse involves technical, management and business aspects of a software product and these aspects have been thoroughly
analyzed by the researchers [13] [4]. Software reuse has to cope with tech-
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• to investigate how to measure the reuse potential of BDD test-cases
and propose suitable methods keeping in view the ubiquitous language.
• to evaluate how the proposed methods (in previous step) performed
in industrial evaluation.
• to report the lessons learned during the industrial evaluation.
Section 3 provides background of BDD test-cases, reuse-potential and
the theoretical aspects of the approaches proposed in this study. Section
4 described the two approaches (NCD and similarity ratio) that were proposed in this study. Section 5 discusses the research methodology, research
questions and data collection for industrial evaluation. Section 6 analyses
the results obtained from using two approaches in the industry. Section
7 discussed the answers of research questions and important findings are
discussed in Section 8. Threats to validity of this study and conclusions are
highlighted in Section 9 and 10 respectively.
3

background

The background section describes the details of behavior driven development and reuse potential.
3.1 Behavior Driven Development (BDD)
In agile development, short iterations and user stories play an important
role [17]. The usage of user stories means that some part of overall functionality will be developed in every iteration. Each new iterations mean that
new code is added to the code base and there is chance that old functionality is broken by the new code. Test driven development (and its variant
Behavior driven development), tries to address this problem by providing
a set of new test cases during the development of user stories in each iter-
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nological advancements and new types of artifacts (reusable contents) [36],
such as the emergence of BDD. Each new types of reusable artifact poses
questions like; What are the consequences of reusing this new artifact? and Is it
worth reusing this new artifact? These questions can be probed by assessing
the reuse potential of an artifact [15].
This study aims to find the reuse potential in BDD test-cases written in
Gerkin format (i.e., textual nature). The study is not aimed at other BDD
practices and sole focus of study is on the test-case artefacts of BDD. This
study is conducted using two industrial projects (from a telecommunication organization) that uses ubiquitous language (BDD) test-cases to verify
the business requirements of software products [16]. The contributions of
this study are:

ation [18]. The tests, testing the functionality, are developed first and then
the code of implementing the actual functionality is written. These test
cases are automated to run each time new code is added to the code base.
The success or failure of test cases determine the progress of the development cycle (i.e., how many features are working).
An informal literature review on reuse in Behavior driven development
did not show encouraging results. There were no directly relevant results
present on the reuse potential in BDD. There were very few studies on Behavior driven development, justifiably so as the field is relatively new [66].
Behavior driven development was introduced to overcome the information
loss between the user story and the test cases in test driven development.
North [1] proposed the format for describing the requirements in the form
of a test case. This format is described below:
Given initial setting,
When some event occurs,
Then provide some outcomes.

Here, the pre-conditions are mentioned in the Given part of the test case.
These conditions can be divided into further steps and joined together
with “AND" operator. The When part describe the role / requirement of
the actor acting in the test-case. The Then part describe the actual action
which was expected. All these steps can have sub-steps, joined together by
“AND" operations.
3.1.1 Example of Behavior Driven Development test-cases
In the agile development, user stories are used to explain the requirements
in the end user’s language. For this example, the user story is for a product
that is developed to facilitate the selling of mobile phones.
User Story: A user can buy or return a mobile phone.

Table 4.1: Behavior Driven Development Test-case.
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Test-case 1

Test-case 2

Customer buys a Mobile Phone

Customer returns a Mobile Phone

1. Given the customer arrives at the shop

1. Given the customer arrives at the shop

2. And he has a valid ID card

2. When he returns the mobile phone

3. And he is above the minimum age limit

3. And he has a valid ID card

4. And he is not blacklisted customer

4. And receipt is not more than 1 month old

5. When he selects a mobile phone from stock

5. And he is not blacklisted customer

6. Then the customer gets the mobile phone

6. Then the customer gets the money back

7. And check mobile phone is in the box

7. And check mobile phone is in the box

8. And customer pays the money

8. And customer gets the money back

3.2 Reuse Potential
A reuse potential represents the unexploited reuse opportunity that is
present in any software artifact (code, tests, documentation etc.). Often the
reuse potential is closely associated with the similarity of the artifacts [67].
Previous research has used the reuse potential in the context of activities
such as refactoring of code, transforming from procedural to object oriented code, reverse engineering etc. [24] [25] [26].
Gall and Klosch described a transformation method, based on the reuse
potential present in a procedural program [23]. They develop high-level
abstract models of the procedural program and then used the reuse potential of these abstract models to obtain an object-oriented model. Kolb et al.
in their study, on refactoring of a legacy component to support reuse, proposed a four step approach in order to evaluate the parts suitable for refactoring (for reuse) and performing the refactoring [24]. In order to identify
reusable potential they used a tool that identifies the similar code patterns
using text pattern matching, that were later refactored to reduce the code
base.
Duszynski et al. described the problems faced by the practitioners when
they use reverse engineering techniques to introduce reuse in their products [25]. They claim that, in the absence of systematic reuse, it is difficult to
identify the reusable artifacts since there is no detailed information present
on each individual component. They introduced a technique that defines
the process of identifying the similar components from the already existing components. The aim of their technique was to assess the reusability
potential and quantify the reuse potential.
According to the Morisio et al. the reuse potential of a software component depends on the similarity to another component [26]. If highly similar software is produced, then there is greater potential of reuse in this
software. Furthermore, they claimed that identifying the similar software
components is not an easy task and requires effort to enable reuse among
the similar components.
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The next step is to find the different scenarios from this user story. An
analysis is performed on the user story and two scenarios are developed.
The two scenarios are described in Table 4.1.
In the first scenario, the customer goes to the store and selects a new
phone and buys it. In the second scenario, customer wants to return his
phone that he bought one month ago, he wants the money back as well.
These scenarios are described in gherkin format in Table 4.1. In the Table
4.1, few test-case statements are common in both test cases e.g. statements
2, 4 and 7 of first test-case are similar to statements 3, 5 and 7 in second
test-case.

Calderia and Baslili, in their study on identifying reusable component,
stated that the first problem with respect to reuse is to find objects that
are similar and have an unexploited reuse potential [27]. They claim that
usefulness of a component is strongly dependent on the commonality (similarity) between different components.
Mende et al. used a token-based approach to identify similar code structures, using lexical density measure [28]. They claim that developers often
copy-paste similar code structures over and over again. Therefore there is
a need to evaluate the reuse potential of the functions, in order to reduce
the searching and maintenance costs associated with the reuse. They used
the “Levenshtein distance” to identify similar code segments.
Similarity is one of the four factors that practitioners considered important for enabling reuse [29]. In an exploratory study at Google, researcher
searched the code base to identify the potential reusable candidates, by using similar code snippets. Furthermore, the practitioner at google were sent
a survey to identify their needs related to software reuse. From the results
of the survery, participants of the survey wanted a tool that can support in
identifying the potential reusable code [30].
To sum up, the previous studies on reuse potential have shown:
• Reuse Potential is often associated with the suitability of the artefacts
based on their similarity.
• Reuse potential can be used to address variety of software engineering problems such as refactoring, reverse engineering etc.
• Majority of the studies present in literature address the reuse potential in the context of code.
3.3 BDD and Reuse Potential
The reuse of software requirements has been well documented in literature [31] [32]. In BDD, requirements and test-cases are closely knit and
there is strong possibility of reusing these test cases. The test cases, in
gherkin format, are based on the requirements and written in a specific format. The test-case scenarios can be modified, easily and quickly, to address
different business requirements. In large software systems, thousands of
business requirements are present. Hence, reusing the tests based on these
requirements can have paramount effect on software product’s quality,
costs and delivery time. Irshad et al. found that various requirements reuse
approaches exist in literature and text-based requirement reuse approaches
are commonly used in the industry [68].
As seen in the Table 4.1, two test cases have common statements shared
between them. Consider a mobile-phone selling store that consists of two
interfaces e.g., online-shop and point of sales [33]. A customer can buy
a mobile phone in any of the ways, many steps can be same in both in-
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3.4 Normalised Compression Distance:
Normalised Compression distance(NCD) computes the distance between
two data-sets using any given compression algorithm. NCD operates by
comparing the combined size of datasets when compressed individually
with the size when the same two data-sets are concatenated and compressed using the same compression algorithm. In theory, if the two objects are exactly same then the the value of NCD is zero, considering that
no compression overhead is added by the compressor.
The Normalise Compression Distance can be defined by the following equation [34]:
NCD =

Z(xy) − min{Z(x), Z(y)}
max{Z(x), Z(y)}

Here, "Z" represents the compressor used for the calculation of NCD.
Z(x) represents the compressed size of data set "x", Z(y) represents the
compressed size of data set "y" and Z(xy) represents the compressed size
when "x" and "y" are concatenated together. The "min" and "max" functions
provide the maximum and minimum of the values.
NCD is used in variety of ways to identify the similarity between objects.
NCD values lie between "0" and "1", where "0" represents that the objects
are exactly identical while "1" represents that the objects are entirely different. Any value between "0" and "1" gives a measure of distance between
the two objects. This representation can be used in identifying similar texts,
images, music notes and any data files.
In a study by Rogstad et al. NCD was used to investigate the fault detection rate and selection execution time for the regression test selection
of a database application [35]. In an experiment to evaluate techniques to
prioritise test cases, NCD was suggested as a method to identify which
test cases can be prioritised [36]. According to the study the output of a
software programs can be used as an input to NCD for detecting of similar
test-cases. Feldt et al. used NCD to identify the diversity in the test set and
proposed a NCD based metric (TSDm) that can measure the diversity of
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terfaces (in the online-shop and point of sale). There can be several business requirements for such application and as a result this requires large
number of user stories. Hence, there is a high probability that many test
cases will describe shared statements that are applicable in both interfaces.
There is potential for reusing the parts of test-cases from one interfaces to
test new requirements of another interface.
This study will aim to assess the reuse potential in test cases developed
during behavior driven development (BDD). We discuss two approaches
used in this study to explore reuse potential in BDD.

a test set as a whole. They conducted their experiments on open source
projects and suggest that the proposed metric can help in selecting a test
set with higher structural and fault coverage [37].
Telles et al. used normalised compression distance to detect the similarity between text documents [38]. They demonstrated that the normalised
compression distance (NCD) is a good way to measure the similarity between the text documents and does not require any pre-processing steps
before the application of NCD. They suggested that the method can complement the already present methods for text visualisation rather than replacing these methods. Axelsson utilised NCD to identify the similar file
fragment from the small pieces of files as a method to support forensic
analysis [39]. Cilibrasi and Vitanyi reported the application of NCD in
many diverse areas, such as virology, literature, music etc. and claimed
that NCD was able to approximate the similarity of objects correctly [40].
Klenk et al. used NCD based approach for the entity identification in the
health systems and claim that NCD based approach was robust and independent of structuring requirements of entities. Another study by Axelsson et al. proposed that NCD can be used for static code analysis and
developed a tool that helps in identifying the problematic sections of the
code base [41]. They demonstrated the usefulness of the approach on an
open source project. In another study by Lavesson and Axelsson, an experiment was conducted to automatically detect the difference between
legitimate software and spyware infected software by using NCD based
approach [42].
3.4.1 Normalized Compression Distance and Reuse Potential
The Normalized compression distance can be a useful method to detect the
similarity in different contexts, as discussed earlier. NCD does not limit itself to a particular context and domain and it is possible to use NCD for
detecting the similarity between test-cases thus identifying the reuse potential in existing test-cases. Previous literature has reported the use of
NCD with test artefacts for prioritisation and test-case selection, however
we have not found any study that uses NCD to identify the reuse potential
of test-cases in a test base. Since the previous studies have reported the
positive experience of using NCD with the text based artefacts [38] therefore we will investigate if NCD can be used to detect the reuse potential in
Behavior Driven test cases i.e. based on text.
3.5 Similarity Ratio:
Different similarity measures are commonly used in software engineering
to identify various aspects such as similarity [45], reuse, reverse engineer-
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3.5.1 Similarity Ratio and Reuse Potential
To measure the relation of similar lines between the test-cases and their
actual reuse potential, a metric, called “Similarity Ratio", is proposed in
this study. The similarity ratio describes the number of times similar lines between the pair of test-cases are contained in the smaller of the two test-cases. The
value of the similarity ratio lies between 1 and 0. A similarity ratio of 1
means that smaller test-case is exactly alike the similar lines between the
test-cases, thus the reuse is possible relatively easily. A similarity ratio of 0
means that the reuse potential between the two test-cases is low. The absolute number of similar lines between the test-cases can reflect the similarity
but cannot quantify the reuse potential of two test-cases. A similarity ratio
can describe the actual reuse potential better than the number of absolute
number of similar lines, as the similarity ratio takes into consideration the
size of test-cases as well. The mathematical description of the equation is
given below:
Similarity

Ratio =

No of Similar lines in two test cases
T otal No of Lines in smaller test case

The example below describes the working of this metric and the reason
for selecting the smaller of the test-case size for this metric.
Consider a hypothetical example with two pairs of test-cases (A-B and
X-Y), first pair having 3 similar lines in the pair with 4 and 5 test-case
lines, and second pair with 4 similar lines in pair with 15 and 20 lines, as
shown in Table 4.2. The first pair has fewer lines (3) as compared to the
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ing [44] and cohesiveness [43] of software artifacts. These measures are
customised to address the different problems in various different contexts.
Yamamoto et al. proposed a similarity metric based on the lines of code
to measure the similarity of two systems [45]. They used a tool to implement this metric and evaluated various version of the Unix operating system using this measure. Girardi and Ibrahim suggested a similarity based
retrieving mechanism to identify similar components [47]. Kwon and Su
have proposed a similarity based metric for detecting the modular cohesion between different modules [43]. The metric utilises the average similarity between the modules to identify the cohesion and the empirical investigation points to the usefulness of the metric. Mitchell and Mancoridis
described a similarity measure to measure the relationship between the
modules [44].
In short, various types of similarity measures have been proposed in
literature. We were unable to identify any study that addresses similarity
of the BDD test-case. In this study, we have proposed a metric that is based
on the lines in a test-case and provides a method to measure the similarity
of two test-cases. The next section describes the details of this metric.

second pair (4) but the size of the pairs is considerably different. The reuse
potential of the fewer similar lines (3) is greater in test-cases with 4 / 5
lines as compared to reuse potential of more lines (4) in test-cases with 15
/ 20 lines. Therefore, for BDD test-cases we need a metric that measures
the actual reuse potential instead of counting the number of similar lines.
Table 4.2: Example of Similarity Ratio

Test-case Pair

Lines
TC1

TC-A & TC-B

4

5

3

0.75

TC-X & TC-Y

15

20

4

0.2667

4

in

Lines
TC2

in

Similar Similarity RaLines
tio

proposed approaches

The section describes the approaches proposed by this study to identify the
reuse potential in Behavior driven test cases. In this study we have used the (i)
normalised compression distance and (ii) similarity ratio for identification
of the reuse potential of BDD test-cases. The study used the same resultsets (BDD tests from two different industrial products) in order to evaluate
and compare the effectiveness of the two suggested approaches. The steps
used to apply these approaches are described below:
Initiation: The initiation phase involves the preparation of test cases before calculating the pair-wise normalised compression distance and similarity ratio. For convenience, each test case is placed in separate file with a
unique name. A compression algorithm, as a requirement of NCD, should
be decided beforehand keeping in view the textual nature of the test case
files. In this study we have used Bzip2, Blosc and Libz as the choice for
compression algorithms.
Calculation of NCD: The next step is to calculate the pair-wise normalised
compression distance of all the test case files. This step is performed using
an automated script that inputs the folder, containing test cases, and outputs the comma separated file containing the pairwise distance of each test
case combination. This gives a matrix of values, representing the values
between 0 and 1. It is worth mentioning that the compression algorithm
often adds small overhead to the actual values. However, we have found
that these overhead values are negligible and we have ignored these during
implementation of the approach.
Calculation of Similarity Ratio: A Python language script is used to calculate the (i) no of lines in each test case pair, (ii) number of similar lines in
each pair, and (iii) the similarity ratio using the proposed formula. This
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method

This study was motivated by an industrial problem therefore the approach
and its evaluation in an industrial context is very important. The industrial evaluation will be conducted on the test cases that are written and
being used in the industry. Figure 4.1 shows the research methodology
used during this study. This study consists of three steps (i) we evaluate
the approach using first industrial case and identify the four sets of preliminary test-case pairs (very similar, somewhat similar, somewhat different
and very different), in the second step; (ii) we re-evaluate both approaches
using different industrial case and identified two sets of preliminary testcase pairs (very similar, very different), and (iii) we perform an evaluation
of results from two industrial case-studies by comparing their results with
the results from experienced industry experts who have worked on the
same products and have experience with BDD test-cases. Later, the lessons
learnt during the evaluation are documented as an outcome of this study.
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script takes a folder, containing test-cases, as an input and provides the
calculated output.
Identifying the Preliminary Similar Sets: In order to partition the observations obtained in the previous step, the initial 10% values (lower NCD
values) are selected from the set of NCD values, sorted in ascending order. The obtained NCD values and similarity ratio values are analysed to
examine and analyse the result set. From our experience, we have found
10% as a good starting value. However, this value may change based on
the content, similarity ratio or NCD values of test cases. The next steps can
be to examine the next 10% values. Further analysis can be conducted by
extracting subsets based on different percentages of values one by one, as
demonstrated later in this study.
Retrieving the Similar Test Cases: The final stage is to retrieve the similar
test cases, described as an output from the previous step. The test-case
pairs that are identified by both NCD and Similarity Ratio approaches as
the one with highest reuse potential can be retrieved for different purposes
such as (i) to introduce reuse, or (ii) for removing redundant tests and
reducing test-case base, or (iii) to refactor the test cases. The test-case pairs
that have NCD and similarity ratio values that are not suitable for reuse
potential can be safely ignored as these have low reuse potential.
The industrial evaluation of these approaches and the discussion on various aspects of the industrial evaluation are described in the coming sections.

Figure 4.1: Research Methodology

5.1 Research Question
The research questions for this study are :
RQ 1: How can the reuse potential in Behavior driven development test cases identified?
The answer to this question will provide an approach (or multiple approaches) that can enable the measurement of reuse potential of BDD test
cases, keeping in view the textual nature of the BDD Tests.
RQ 2: How do these approaches perform with respect to measuring reuse potential in an industrial context?
This research questions will be answered by conducting the industrial evaluations of the approaches and documenting the results.
5.2 Case Study Design:
The study considers the reuse potential in BDD test-cases and attempts to
provide approaches to measure the reuse potential. The case study guidelines proposed by Runesson and Höst were used while designing the case
study [54]. The following sections describe the details of case study design:
5.2.1 Research Context
This is an exploratory study to evaluate the reuse potential of test cases
in behavior driven development and describe the important findings from
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Table 4.3: Data Sets Characteristics

No
of
Tests
Case
1

Case
2

Script
Language

Type of
Tests

SUT
Language

SUT
Type

Team Type

Python

Web
Gui
+
Backend

3 Cross functional teams
of 24 members

Backend

1 Cross functional team
of 6 members

72

Gerkin
(BDD)

System
Tests

15

Gerkin
(BDD)

Functional
Scala
Tests

115

4

this study. The study consists of two case studies, from different products,
on the test cases developed when following BDD. These products were
different in size, functionality and contexts.
Organizational Context: The evaluation was conducted in software organization (700+ employees) developing telecommunication software for
other organizations. The organization uses agile development methodologies (hybrid approach consisting of Scrum and XP practices) to develop,
deliver and maintain the software solutions. The two selected products
were of different functionality and these were developed for different customers.
Description of the Data Sets: The data sets selected for this study were
from two different products. These test cases were written in different languages and for different products under different projects. This heterogeneousness was considered in order to increase the validity of the study.
The details of the data sets are summarised in Table 4.3.
Case-study One’s Context: The product, in case-study one, was delivered
as a part of project based contract to another large organization (1000+
employees). This product consisted of multiple front-ends and a backend
application along with a database. These front-end systems have four different interfaces where each interface was targeting a specific set of customers (admin, private, business or remotely located customers). Each interface has variations points and use cases that makes it different from the
other interfaces. The use cases for this application were described by a business analyst. These were present in the form of a requirements document,
the development and test teams had access to these use cases. Three crossfunctional teams were responsible for automating the important test cases,
verifying several use cases for the front-ends. These teams involved devel-

opers and tester. The important uses cases were identified in a meeting between the team members. These automated tests utilised an acceptance test
driven framework (robot framework) to setup, execute and report the testcases [55]. In total 72 test cases, covering 90+ Use cases, were automated.
These tests were linked with the continuous integration environment and
Jenkins job was created to run these test cases with each new change in the
system.
Case-study Two’s Context: In the second case, the product was responsible for storing the phone numbers and other details related to the mobile phone (e.g., pin code). The product was built using Scala and uses a
database for persistence purposes. The requirements were described in the
form of text descriptions by a business analyst. No formal use cases were
defined and the development team used Behavior Driven Development.
This decision was made to ensure that a business analyst can review these
test cases. The main aim was to reduce the misunderstanding between the
business analyst and development team. The product was developed in
six months time, using Scrum. The test cases used Cucumber as a Test
framework, along with JSON libraries. The cross functional team was responsible for writing the test cases. These test cases were integrated with
the build server and were executed each time a new change was made.
5.3 Data Collection:
Keeping in view the exploratory nature of this study, qualitative and quantitative source were used for the data collection. The approaches were applied and quantitative results were analysed. Later, these quantitate results
were shared with the practitioners, who developed these test cases and
their feedback incorporated in the final outcome.
5.3.1 Application of approaches
The application of approaches consisted of five steps: (i) initiation, where
test cases were prepared before applying the approach, (ii) calculation of
NCD, (iii) calculation of Similarity Ratio, (iv) identifying the preliminary
similar and dissimilar pairs. and (v) retrieving the similar test cases. This
section describes the first three steps i.e., initiation, calculation of NCD
and calculation of similarity ratio. The remaining two steps (identifying
the preliminary sets and retrieving the similar test cases) are discussed in
Section 6.
Initiation: The document examination can be used as a starting point of
analyses [56], therefore the initiation part involves examining the existing
test cases for both products. This step was performed by the authors’ to ascertain the use-cases and quality of the test cases. This step was performed
in following order, on both industrial cases:
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These steps yield 72 files (for first industrial case), each containing a singe
test case and these files were stored in a folder. Originally test cases were
divided into fewer files (6 test files), but this division was done to facilitate
the analysis process. For the second industrial case, test cases were divided
in 15 files, where each file contained a single test case. Originally test cases
were divided into five “*.feature files" [57]. As stated previously, this was
done in order to facilitate the comparison process.
Calculation of NCD Values: NCD values for each pairwise comparison
were calculated using a script written in Julia language [48]. The script
calculated the values using three different compression algorithms such
as bzip2, blosc and libz [49] [50] [51]. The motivation behind the selecting different compression algorithms is provided in Section 4. The values
were stored in CSV files and the files are available online [52]. These values consists of actual normalised compression distance values as well as
small compression overhead value added by the compression algorithms,
as discussed in Section 4.
For the first industrial case, the pairwise comparison of 72 test cases resulted in 2628 NCD values, representing comparison of each test case with
other test case (and to itself). The values representing the pairwise comparison of each test case with itself were removed from the resulting set
and 2556 distance values were considered. For the second industrial case,
the script produced 120 NCD values, from the fifteen test case files. NCD
values containing comparison of each test-case with itself were removed
and the final result-set contained 105 NCD values.
Calculation of Similarity Ratio: A Python language script was used to
find the similar lines between the test-cases. The script takes a folder path,
containing the test-case files, as an input parameter and compare each testcase with other test-cases and identifies the number of similar lines in these
test-cases. The script outputs its result in an *.csv format. The output file
consists of five fields: (i) Test-case 1 No., (ii) Test-case 2 No., (iii) No of
Lines in Test-case 1, (iv) No of Lines in Test-case 2, and (v) No of Similar
Lines.
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• Reviewing and separating the implementation specific parts and
BDD structure test cases.
• Anonymising the organization specific terms used in the text cases
e.g. product names, interface names showing implementation detail
etc. This step was done to comply with the organization’s policy.
• Removing the “Given", “When" and “Then" keywords from the test
cases. This step was done to focus on the content of the test cases and
to avoid the influence of BDD keywords on overall results.
• Moving each test case into a separate file, with unique name, in order
to track the pair-wise comparisons e.g “1.txt" , “2.txt" etc.

For the first industrial case, the script produced 1628 unique similarity
ratio values and it was very time consuming to analyse each one of these
values. Therefore, it was decided among the researchers to consider the
same pairs, for the analysis, that were extracted for NCD-based approach.
As we found out later, this made the analysis of approaches meaningful
by providing a source of comparison for each approach. The result-set of
the second industrial case generated 105 unique combination of similarity
ratio values for the test-case pairs. For the purpose of the analysis, the
values were sorted in ascending order based on the similarity ratio. The
10% highest and 10 % lowest values were extracted from the result-set for
further analysis.
5.3.2 Comparison of NCD & Similarity Ratio with Expert Analysis:
For the sake of evaluation of the two proposed approaches (NCD & Similarity Ratio), two experts (5+ years of experience) who have worked on
both products were asked to identify the similarity of the sets of test-cases.
These practitioners understood the concepts, context and semantics of the
test-cases and they were asked to identify if a pair of test-cases were similar or not. They were provided pairs of test-cases in an Excel sheet and
they were asked to rate the similarity of these test-cases.
A random selection of test-case pairs (that were used in NCD and Similarity Ratio calculatuin) were organized in an Excel sheet. This Excel sheet
was sent to the practitioners and they filled this sheet with their answers.
The first question (Are these test-cases similar to each other (contextually and
lexically)?) aims to identify the similarity of test-cases. The second question (How difficult is to merge these test-cases into a single test-case?) attempts
to find the possibility of merging the test-cases into a single test-case (i.e.,
reuse potential). The two test-cases were placed in separate columns of the

Figure 4.2: Excel Sheet snapshot of a test-case pair
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data analysis

The data analysis section expands on NCD pairwise comparison results
and identifies useful information. The following sections discuss different
aspects of NCD based reuse potential measurement method. The exploration of results section performs the analysis and summarises the results.
The analysis of case-study one, case-study two and experts opinion are
described in respective sections.
6.1 Analysis of NCD Approach
This section discusses and analyzes the results of using Normalized Compression Distance (NCD) on test-cases from two industrial case-studies.
Each case-study is discussed in it’s separate section and the exploration
was conducted using three steps: (i) partitioning the result set into subsets,
(ii) extract ten (10) random distance values from each of these subsets, and
(iii) analyse each of these randomly extracted distance values in terms of
similarity. These three steps are discussed for both case-studies.
Table 4.4: Case-study 1: Summary of ncd values using different compression algorithm
Compression Lowest ncd
Algorithm
value

Set
with
lowest ncd
value

Highest ncd
value

Set
with
highest ncd
value

bzip2

0.14516129

36.txt 35.txt

0.877237852

20.txt - 42.txt

blosc

0.013033175

5.txt - 7.txt

0.924024641

20.txt - 42.txt

libz

0.051495017

5.txt - 7.txt

0.892045455

20.txt - 55.txt
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sheet, labeled with the test-case number, and at the end of the test-cases
the two questions and pre-defined answers were presented (i.e., (Description of test-case 1, Description of test-case 2, Question). This template was
formulated to facilitate the data collection. These experts were not shown
NCD value or similarity-ratio value of any of the test-case pairs. experts
were asked to answer the questions based on pre-defined set of values
(such as Easy, Difficult etc.,) and they were asked to evaluate these testcases without any help or discussion. The results from the practitioner’s
feedback were compared with the results of NCD and similarity ratio
based approaches.
A snapshot of Excel sheet is provided in Figure 4.2.

Table 4.5: Case-study 1: Subsets from compression Algorithms
Subsets of NCD pairwise values by compression algorithms
Compression
Algorithm

Bzip2

Blosc

Libz

Subset

No
of
pairs

Lowest
Value

Highest
Value

First 10%

255

0.14516129

0.483333333

Next 10%

255

0.483775811

0.550505051

Next 30%

768

0.550505051

0.677884615

Last 50%

1278

0.678082192

0.877237852

First 10%

255

0.013033175

0.460365854

Next 10%

255

0.461995249

0.606060606

Next 30%

768

0.606557377

0.77014218

Last 50%

1278

0.770186335

0.924024641

First 10%

255

0.051495017

0.439393939

Next 10%

255

0.44

0.561946903

Next 30%

768

0.562130178

0.696564885

Last 50%

1278

0.696750903

0.892045455

6.1.1 NCD Analysis: Case-study One
The results from NCD evaluation contained large number of pair-wise
NCD values. The first step was to explore and analyse the result set of
normalised compression distances. The result set was sorted using the programming language R in ascending order. It was found that majority of
the distance values lie between 0.50 - 0.70. However, there were values as
low as “0.013033175" and as high as “0.924024641", using different compression algorithms. It was found that the compression algorithm ’blosc’
yielded the results with highest and lowest distance values. The use of the
different compression yielded different results. A summary of the values
obtained using different algorithms is given in Table 4.4.
Partitioning into subsets: The partitioning of the main data set was done in
order to facilitate the analysis process and to help in classification of similar
/ dissimilar test cases after the analysis. After consultation between the
authors it was decided to partition the data into four (4) subsets where the
first subset consisted of 10% values that were closer to zero, the next subset
consisted of next 10% values, the third sub-set consisted of next 30% values.
The fourth sub-set consisted of the remaining 50% of the values. This step
was conducted on the result set from each of the compression algorithm,
using R programming language. A summary of the values obtained by
different algorithms is given in Table 4.5.
Extracting ten pair-wise comparisons from subsets: The next step involved
the selection of suitable candidate pairs for further analysis. It was decided, mutually between the authors, to select ten (10) pairs from each
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Table 4.6: Case-study 1: NCD pairwise values by subsets
Pairs of NCD pairwise values by subsets

First 10%

Next 10%

Next 30%

Last 50%

Testcase
Pair
(*.txt)

Bzip
NCD
Value

Blosc
NCD
Value

Libz
NCD
Value

Lines Lines Similar
in
in
Lines
TC1 TC2

49 - 47

0.191

0.153

0.156

5

5

3

38 - 35

0.189

0.129

0.192

3

3

2

59 - 60

0.361

0.254

0.230

5

7

4

8-5

0.385

0.214

0.216

12

12

7

4 - 10

0.392

0.288

0.293

12

14

7

27 - 12

0.463

0.431

0.392

11

10

3

17 - 23

0.437

0.411

0.316

12

13

7

11 - 14

0.333

0.131

0.191

13

12

10

26 - 7

0.429

0.357

0.332

9

12

7

1 - 17

0.377

0.280

0.283

10

12

9

70 - 63

0.515

0.591

0.478

4

3

1

1 - 14

0.510

0.463

0.447

10

12

3

72 - 63

0.5

0.583

0.591

8

5

2

17 - 19

0.528

0.483

0.495

12

12

5

9 - 18

0.548

0.547

0.504

13

8

2

26 - 18

0.53

0.521

0.465

9

8

2

21 - 13

0.541

0.514

0.503

13

12

2

53 - 35

0.549

0.547

0.538

6

3

1

30 - 28

0.495

0.573

0.472

4

7

2

11 - 3

0.521

0.5

0.477

13

13

5

49 - 7

0.651

0.730

0.695

5

12

1

66 - 37

0.619

0.729

0.578

7

3

0

13 - 48

0.594

0.704

0.655

12

5

3

34 - 35

0.608

0.652

0.583

5

3

0

3 - 18

0.616

0.633

0.6

13

8

1

27 - 53

0.638

0.737

0.673

11

6

1

41 - 37

0.614

0.707

0.585

5

3

0

50 - 60

0.560

0.695

0.568

6

7

1

70 - 15

0.672

0.716

0.595

4

5

0

16 - 40

0.651

0.736

0.635

5

6

0

65 - 17

0.757

0.79

0.791

3

12

1

39 - 3

0.871

0.913

0.850

2

13

0

43 - 25

0.755

0.862

0.803

3

10

0

1 - 44

0.813

0.879

0.816

10

3

0

70 - 21

0.8

0.878

0.819

4

14

0

29 - 14

0.703

0.807

0.752

7

12

0

4 - 34

0.739

0.833

0.785

12

5

0

11 - 72

0.764

0.809

0.743

12

8

1

26 - 44

0.777

0.877

0.805

9

3

0

54 - 3

0.756

0.853

0.806

5

13

0
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Subset

subset randomly. Since different compression algorithm yielded different
ncd values that resulted in slightly different pairs in each subset of each
compression algorithm e.g. the first 10% of bzip contain test-case 23.txt ncd
value with test-case 69 but the other two compression algorithms (libz and
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blosc) doesn’t contain that (reasons discussed in next section). Therefore, a
list of pairs that existed in all three subsets were selected.
The random selection was conducted using an online tool [53], that inputs the list and provided the pairs selected from each subset. The random
generator was used to avoid the bias in selection of pairs, that could impact the results of this whole study. The final list of the selected pairs, along
with NCD values, is provided below in Table 4.6.
Analysis of extracted test-case pairs: After the selection of ten random pairs
from the each subset, these pairs were analysed with respect to textual
similarity. Since, NCD works by compressing the similar characters, using
different compression algorithms, it was necessary to manually compare
the test cases in order to identify the similar statements rather than similar characters. This step involved manual investigation of the pairs of test
cases by comparing the lines of textual statements that were common in
both test cases. The data extraction was done using Excel sheet, recording
the number of lines of each test case and the common lines between the
test cases. Since one single line in these test cases represent a statement, action or pre-condition (Given, When, Then) therefore if two test cases have
many common lines they can be considered as similar. This assumption
was used for analysing the similarity of the test-case pairs. The data extraction results are present in the Table 4.6. In BDD-based test cases a single
line (statement) is the smallest reusable unit, as explained in Section 3.
The manual review confirmed that the lower normalised compression
distance correctly identified the test cases that have considerable similar
statements. As part of this manual verification, the number of lines of each
test case pair and the difference between the test-cases were counted as
shown in Table 4.6. The number of similar lines belonging to the corresponding pair provides a simple method to identify the reuse potential in
the pair.
The analysis of the first set (with lower NCD values) shows that the test
cases have many exactly similar lines i.e. more than 50% lines were similar
between the test cases. There were pairs that have 10 similar lines and a
pair that just have 3 similar lines. However, there were no false positives
with low NCD based value and zero similar lines. It was noted that as NCD
value increased towards one (1) the similarity between the lines decreased.
The analysis of the second subset shows that there are common lines
between the test cases butNCD NCD values are slight higher than the first
set. The similarity ratio (i.e. similar lines / total no of lines) of the second
set was less than the first set. The analysis of the remaining two subsets
show that there were fewer similar lines hence NCD value was higher. This
proves the effectiveness of NCD-based approach as the similar number of
lines decrease with the higher NCD value.
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The result-set from the second case-study contained 105 unique pairwise
normalised compression distance (NCD) values, as the product consists
of 15 test cases (with multiple test statements). These NCD values of pairwise comparison were analysed in similar way as done in the previous
case-study. The values sorted with respect to ascending NCD values and
a combined Excel sheet consisting of results from the three compression
algorithms was formed. This one done to in order to analyse the highest
and lowest distance values.
Partitioning into subsets: The analysis of the highest and lowest NCD values shows that the results generated by three compression algorithm are
largely consistent. The lowest NCD values belonged to the same test-case
pair (13.txt and 12.txt) regardless of the compression algorithm used. Similarly the highest NCD values belonged to the test-case pairs involving
same test-case (“4.txt") with “12.txt" and “13.txt". Since, "12.txt" and “13.txt"
are closely related (lowest NCD Value) therefore the Blosc compression algorithm rated the distance between “13.txt" and “4.txt" as the highest but
the other two compression algorithms rated the distance between “12.txt"
and “4.txt" as highest. Table 4.7 shows the highest and lowest NCD values
for each compression algorithm.
Extracting ten pair-wise comparisons from subsets: For the analysis purposes
the final result-set was sorted in the ascending order (of Bzip2 NCD values)
and 10% of the pairs with lowest and 10% pairs with highest NCD values
were selected for the analysis. The complete result-set can be found online
[52]. The subsets with 10% values is shown in the Table 4.8.
Analysis of extracted test-case pairs: In order to ascertain that NCD values
of the test cases actually represent the test-cases similarity, an analysis on
the number of similar lines present in pairs of test-cases is conducted. NCD
operates by considering each character for the compression therefore it is
required to confirm that the smallest reusable units in a BDD test-case
(lines/statements) are correctly identified. The comparison of NCD value
with the number of similar lines of code for each pair of test-cases can
Table 4.7: Case-study 2: Summary of ncd values using different compression algorithm
Compression Lowest ncd
Algorithm
value

Set
with
lowest ncd
value

Highest ncd
value

Set
with
highest ncd
value

bzip2

0.254863813

13.txt - 12.txt

0.778210117

4.txt - 12.txt

blosc

0.209459459

13.txt - 12.txt

0.834459459

4.txt - 12.txt

libz

0.184883721

13.txt - 12.txt

0.784705882

4.txt - 13.txt
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6.1.2 NCD Analysis: Case-study Two

help in confirming the suitability of NCD-based approach to identifying
the reuse potential.
The table 4.8 shows that the 10% lowest NCD values have many similar
lines present in the test-case pairs and NCD values are lowest in the resultset. The number of lines that are similar between the test cases varies from
1 to 10, depending on the size and NCD values. It is worth noting that
the one pair (7.txt - 11.txt) have only one similar line but its NCD value
(0.372611465) is lower than the pair (3.txt - 2.txt) that has more similar lines
(4 lines) but higher NCD value (0.379699248). Similar observation can be
made for the pair (8.txt - 10.txt). A review of these two pairs points to
the closeness of the vocabulary / terms used in these test-case pairs, even
though they are testing different scenarios. However, NCD values and the
number of similar lines are largely consistent in the subset with lowest
NCD values (First 10%). There were no test-case pairs that didn’t have
similar lines and have lower NCD values.
Table 4.8: Case-study 2: NCD pairwise values by subsets
Pairs of NCD pairwise values by subsets
Subset

First 10%

Last 10%
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Testcase
Pair
(*.txt)

Bzip
NCD
Value

Blosc
NCD
Value

Libz
NCD
Value

Lines
in
TC1

Lines
in
TC2

Similar
Lines

13 - 12

0.255

0.209

0.184

12

14

10

1-2

0.302

0.310

0.266

6

7

4

9-8

0.313

0.248

0.233

4

5

2

6-8

0.327

0.344

0.298

5

5

3

5-2

0.357

0.4579

0.352

5

7

3

8 - 10

0.358

0.404

0.352

5

5

1

10 - 11

0.368

0.418

0.335

5

8

4

7 - 11

0.3726

0.410

0.346

8

8

1

6 - 10

0.376

0.423

0.356

5

5

2

9 - 10

0.377

0.424

0.383

4

5

2

3-2

0.379

0.459

0.354

6

7

4

6-7

0.392

0.385

0.304

5

8

3

15 - 7

0.704

0.767

0.682

4

8

0

4-7

0.704

0.726

0.674

4

8

0

3 - 12

0.706

0.789

0.734

6

14

2

9 - 13

0.710

0.762

0.715

4

12

1

9 - 12

0.712

0.761

0.713

4

14

1

1 - 14

0.714

0.786

0.714

6

6

0

14 - 13

0.720

0.804

0.768

6

12

0

14 - 12

0.725

0.807

0.772

6

14

0

15 - 12

0.749

0.829

0.778

4

14

0

15 - 13

0.754

0.815

0.775

4

12

0

4 - 13

0.768

0.833

0.785

4

12

0

4 - 12

0.778

0.834

0.784

4

14

0

6.1.3 Outcomes from Industrial Evaluation of NCD Approach
From the results and analysis of NCD approach we can deduce the following important lessons:
• NCD based approach was able to detect the similarity (lower NCD
values) and dissimilarity (higher NCD values) of test-cases successfully in most of the cases. However, in few instances NCD approach
contained false negatives (i.e., higher NCD values despite containing
similar lines).
• A script can be used to apply NCD based approach on test-cases.
NCD approach can be successfully applied on large as well as small
test-case bases. The lowest and highest 10% of NCD values are good
starting point to examine the similarity and dissimilarity of testcases.
• Different compression algorithms produced different NCD values for
similar test-cases. However, these values were not considerable different from each other.
• Majority of the test-case pairs have NCD values between 0.50 and
0.75. The pairs with values less than 0.30 shared 50% of lines common
among these.
6.2 Analysis of Similarity Ratio Approach
This section discusses and analyzes the results of using Similarity Ratio
approach on test-cases from two case-studies. Each case-study is discussed
in it’s separate section.
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The subs-set with highest NCD values (Last 10%) contains values that
were higher than “0.67" and have no similar lines (except 2 pairs) between
the test-cases. The two pairs (9.txt -12.txt and 9.txt - 13.txt) in this sub-set
shows that there were similar lines present between these despite having
higher NCD values. These two pairs were investigated by manually reading the tested scenarios. It was found that even though these pairs have
similar lines (1 and 2 similar lines respectively) there is considerable difference between the total number of lines of each test-case. The impact of the
difference in size of the test cases on NCD value is further investigated in
Section 6.4.
The comparison of the similar lines and NCD values revealed that testcase pairs with the lower NCD values always contain lines that are similar.
Largely, the lower NCD values the higher the chance that test-cases are
similar, when a line is considered as smallest reusable unit. Similarly, based
on the analysis of the sub-set with higher NCD values we can conclude that
higher NCD values the lower the chance of test-cases having similar lines.

6.2.1 Similarity Ratio: Case-study One
For the purpose of evaluating the similarity ratio as a method to measure
reuse potential in BDD test-cases, the test-case pairs extracted from the
case-study one are used: (i) to evaluate if the "similarity ratio" can be a
useful measure of the reuse potential in BDD test-cases, and (ii) to identify
if this measure is applicable on BDD tests, considering a line as smallest
reusable unit.
The similarity ratio of each pair is calculated as shown in Table 4.9. The
same order of the subsets, used in NCD analysis (First 10%, Next 10%,
Next 30% and Last 50%), were used in order to verify that the value of the
similarity ratio gradually decreases between the subsets. The same pairs
were used to facilitate the comparison of NCD-based approach and similarity ratio approach.
The first sub-set (First 10%) contains the similarity-ratio values that are
higher than any other sub-sets, where majority of the values are above
0.50, pointing to higher degree of reuse potential. There is one exception
where the similarity ratio value is 0.3 (for 27.txt - 12.txt) and a review of the
test-case pair was conducted. It revealed that the test cases are addressing
different scenarios, even though these have lower similarity-ratio. Since,
NCD-based approach classified it with high reuse potential (wrongly, as
explained previously) but the low similarity ratio value classifies it with
less reuse potential.
The second (Next 10%) and third (Next 30%) sub-sets have relatively
lower values of the similarity ratio as compared to the first sub-set. The
sub-set contains variety of pairs with some having zero similar lines and
other having five similar lines between the test-cases. The similarity ratio correctly identified the cases where there was reuse potential and also
quantified the closeness correctly.
The last sub-set (Last 50%) contains the similarity ratios that are mostly
zero, since very few pairs have similar lines between these. However, there
are two pairs that have values greater than zero, since these have few common lines between these test-cases. As seen previously with NCD-based
approach, the difference in size of the test-cases negatively impact the identification of reuse potential and Section 6.4 investigates this finding further.
The overall results of the similarity ratio indicates that the same pattern,
as shown by NCD-based approach and the absolute number of similar
lines, that the reuse potential of BDD test-cases can be identified just like
the conventional code based testcases.
6.2.2 Similarity Ratio: Case-study Two
For the case-study two, the similarity ratio was calculated for the result
set present in Table 4.8. The result set contains the two sets of test-case
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Table 4.9: Similarity Ratio pairwise values by subsets

First 10%

Next 10%

Next 30%

Last 50%

Test-case
Pair
(*.txt)

Lines
in
TC1

Lines
in
TC2

Similar Similarity
Lines
Ratio

49 - 47

5

5

3

0.6

38 - 35

3

3

2

0.667

59 - 60

5

7

4

0.8

8-5

12

12

7

0.583

4 - 10

12

14

7

0.583

27 - 12

11

10

3

0.3

17 - 23

12

13

7

0.583

11 - 14

13

12

10

0.833

26 - 7

9

12

7

0.778

1 - 17

10

12

9

0.9

70 - 63

4

3

1

0.334

1 - 14

10

12

3

0.30

72 - 63

8

5

2

0.40

17 - 19

12

12

5

0.417

9 - 18

13

8

2

0.25

26 - 18

9

8

2

0.25

21 - 13

13

12

2

0.1667

53 - 35

6

3

1

0.334

30 - 28

4

7

2

0.50

11 - 3

13

13

5

0.384

49 - 7

5

12

1

0.2

66 - 37

7

3

0

0

13 - 48

12

5

3

0.6

34 - 35

5

3

0

0

3 - 18

13

8

1

0.125

27 - 53

11

6

1

0.1667

41 - 37

5

3

0

0

50 - 60

6

7

1

0.1667

70 - 15

4

5

0

0

16 - 40

5

6

0

0

65 - 17

3

12

1

0.333

39 - 3

2

13

0

0

43 - 25

3

10

0

0

1 - 44

10

3

0

0

70 - 21

4

14

0

0

29 - 14

7

12

0

0

4 - 34

12

5

0

0

11 - 72

12

8

1

0.125

26 - 44

9

3

0

0

54 - 3

5

13

0

0

4

Evaluation of Similarity Ratio
Subset

pairs, where one set contains pairs that NCD-based approach classified as
the candidates with high reuse potential candidates and the other sub-set
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contains the pairs which NCD-based approach classified as the candidates
with low reuse potential. NCD values from the result- set were removed
but the order of the test-case pairs were kept the same. This was done to
evaluate if the similarity ratio follows the similar patterns as NCD-based
approach.
The similarity ratios were calculated and shown in Table 4.10. The analysis of the similarity ratio revealed that the values are considerably higher
for the first sub-set (First 10%) as compare to the second sub-set (Last 10%).
The test-case pairs present in the data set were of different sizes, ranging
from 4 lines to 14 lines. The comparison revealed that the pair that had
the lowest NCD value scored the highest in the similarity-ratio. The firstset (First 10%) contained values that were not consistent with NCD values
such as test-case pair 7.txt-11.txt and 8.txt-10.txt. These two have lower
similarity ratio as compared to NCD values. Since the sorting of the testTable 4.10: Similarity Ratio pairwise values by subsets
Subset

First 10%

Last 10%
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Test-case
Pair (*.txt)

Lines
in TC1

Lines
in TC2

Similar Similarity
Lines
Ratio

13 - 12

12

14

10

0.833

1-2

6

7

4

0.667

9-8

4

5

2

0.5

6-8

5

5

3

0.6

5-2

5

7

3

0.6

8 - 10

5

5

1

0.2

10 - 11

5

8

4

0.8

7 - 11

8

8

1

0.125

6 - 10

5

5

2

0.4

9 - 10

4

5

2

0.5

3-2

6

7

4

0.667

6-7

5

8

3

0.6

15 - 7

4

8

0

0

4-7

4

8

0

0

3 - 12

6

14

2

0.333

9 - 13

4

12

1

0.25

9 - 12

4

14

1

0.25

1 - 14

6

6

0

0

14 - 13

6

12

0

0

14 - 12

6

14

0

0

15 - 12

4

14

0

0

15 - 13

4

12

0

0

4 - 13

4

12

0

0

4 - 12

4

14

0

0

6.2.3 Outcomes from Industrial Evaluation of Similarity Ratio Approach
We can conclude the following lessons from the industrial evaluation of
similarity ratio approach:
• Similarity Ratio approach successfully detected the similarity (higher
ratio values) and dissimilarity (lower ratio values) of BDD test-cases.
• Similarity Ratio approach performed better than NCD approach. The
approach was able to detect the false positives (from NCD) and false
negatives (from NCD) pairs.
• A script can be used to apply Similarity Ratio based approach on
test-cases. The approach can be successfully applied on large as well
as small test-case bases. The lowest and highest 10% of NCD values
are good starting point to examine the similarity and dissimilarity of
test-cases.
• The approach is simple to use and it is not impacted by the difference
in size of test-cases.

6.3 Analysis of Expert Opinion vs NCD vs Similarity Ratio
The similarity ratio and NCD based approach are both based on the actual
text content and do not take into consideration the semantic or context of
the test-cases when identifying the reuse potential (similarity). The analysis of data in Table 4.6 and Table 4.8 does not state if the test-cases pair can
be merged to form a single test-case, based on their context. The analysis
only reveal that the test-cases have similarity in terms of lines (Similarity
Ration) or similarity in terms of characters (NCD). Therefore, a separate
analysis was conducted on the results of the case-study one and case-study
two, in which two practitioners who worked on both products were asked
to identify the reuse potential by manually going through each test-case
pair. They were asked to answer if the test-case pair was similar in terms
of context and can be reused. They were told to independently evaluate all
of the test-case pairs and report their answers in the same Excel file. Their
responses for each pair (along with NCD value) are shown in Table 4.11
and Table 4.12.
NCD vs Practitioners: NCD values of the selected pairs were compared
with the assessment of practitioners and it was found that for majority of
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case pairs was based on NCD values therefore it indicates the issues with
NCD-based approach.
The second sub-set (Last 10%) consists of the pairs that do not have
similar lines barring 3 pairs. The three test-case pairs have very few similar
lines between the test-cases and the similarity ratio was calculated correctly.
The majority of the values were calculated to zero as shown in Table 4.10.

Table 4.11: Case-study 1: Comparing NCD and Similarity Ratio by subsets VS =
Very Similar, PS = Partly Similar, VD = Very Different
Pairs of NCD pairwise values by subsets
Subset

First 10%

Next 10%

Next 30%

Last 50%
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Testcase
Pair
(*.txt)

Bzip Similarity Developer
NCD Ratio
One
Value

49 - 47

0.191 0.6

VS

VS

38 - 35

0.189 0.667

VS

VS

59 - 60

0.361 0.8

VS

VS

8-5

0.385 0.583

VS

VS

4 - 10

0.392 0.583

VS

VS

27 - 12

0.463 0.3

PS

PS

17 - 23

0.437 0.583

VS

VS

11 - 14

0.333 0.833

VS

VS

26 - 7

0.429 0.778

VS

VS

1 - 17

0.377 0.9

VS

VS

70 - 63

0.515 0.334

PS

PS

1 - 14

0.510 0.30

PS

PS

72 - 63

0.5

0.40

PS

VS

17 - 19

0.53

0.417

PS

PS

9 - 18

0.548 0.25

PS

PS

26 - 18

0.53

PS

PS

21 - 13

0.541 0.1667

VD

VD

53 - 35

0.549 0.334

PS

PS

30 - 28

0.495 0.50

PS

PS

11 - 3

0.521 0.384

VD

VD

49 - 7

0.651 0.2

PS

VD

66 - 37

0.619 0

VD

VD

13 - 48

0.594 0.6

PS

PS

34 - 35

0.607 0

VD

VD

3 - 18

0.616 0.125

PS

VD

27 - 53

0.638 0.1667

PS

PS

41 - 37

0.614 0

VD

VD

50 - 60

0.560 0.1667

PS

PS

70 - 15

0.672 0

VD

VD

16 - 40

0.650 0

VD

VD

65 - 17

0.757 0.333

PS

VD

39 - 3

0.871 0

VD

PS

43 - 25

0.755 0

VD

VD

1 - 44

0.813 0

VD

VD

70 - 21

0.8

0

VD

VD

29 - 14

0.703 0

VD

VD

4 - 34

0.739 0

VD

VD

11 - 72

0.764 0.125

PS

PS

26 - 44

0.776 0

VD

VD

54 - 3

0.756 0

VD

VD

0.25

Developer
Two

Table 4.12: Case-study 2: Comparing NCD and Similarity Ratio by subsets. VS =
Very Similar, PS = Partly Similar, VD = Very Different
Pairs of NCD pairwise values by subsets
Subset

First 10%

Last 10%

Testcase
Pair
(*.txt)

Bzip Similarity Developer Developer
NCD Ratio
One
Two
Value

13 - 12

0.255 0.833

VS

VS

1-2

0.302 0.667

VS

VS

9-8

0.313 0.5

VS

VS

6-8

0.327 0.6

VS

VS

5-2

0.357 0.6

VS

VS

8 - 10

0.357 0.2

VD

VD

10 - 11

0.368 0.8

VS

VS

7 - 11

0.373 0.125

VD

VD

6 - 10

0.375 0.4

PS

PS

9 - 10

0.377 0.5

PS

PS

3-2

0.379 0.667

VS

VS

6-7

0.391 0.6

VS

VS

15 - 7

0.704 0

VD

VD

4-7

0.704 0

VD

VD

3 - 12

0.706 0.333

VD

PS

9 - 13

0.710 0.25

VD

PS

9 - 12

0.712 0.25

VD

VD

1 - 14

0.715 0

VD

VD

14 - 13

0.720 0

VD

VD

14 - 12

0.725 0

VD

VD

15 - 12

0.749 0

VD

VD

15 - 13

0.754 0

VD

VD

4 - 13

0.768 0

VD

VD

4 - 12

0.778 0

PS

VD
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the cases the assessment of practitioners is aligned with the reuse potential
predicted by NCD values. However there were few anomalies such as pair
’65 - 17’ in Table 4.12 and pair ’9 -13’ in Table 4.11 that had higher NCD
value but the practitioners and the similarity ratio indicated some reuse
potential. The reason for these mismatch is because of the difference in
size of the test-cases, as explained in Section 6.4.
Similarity Ratio vs Practitioners: The answers from the practitioners show
that the similarity ratio based approach correctly identified the similar
test-cases, even though the approach doesn’t consider the context of the
test-cases. The test-case pairs marked by the practitioners as similar are
also marked by the similarity ratio approach as similar (i.e., having higher
value). As the value of similarity decreases the opinion of two practitioners
start to deviate ( Next 10% and Next 30% in Table 4.11) from each other
as well e.g. pair ’49 -7’ has lower value of similarity ratio and different

answer from the practitioners. The test-case pairs that are present in last
sub-set contains no pairs that are marked by the practitioners as similar,
and similarity ratio value also indicate that these are not similar. From the
case-study two results, in Table 4.12, it was seen that the value of similarity
ratio correspond with the opinion of the two practitioners. The higher similarity ratio value pairs were marked as similar by the developers as well
and the pairs with lower similarity value were marked by the practitioners
as different.
It is interesting to note that there are test-case pairs that are marked
similar by one practitioner but the other practitioner marked the same
pairs as not similar. These test-case pairs have similarity ratio and NCD
values that lie close to median of value-set e.g. pair ’13-48’ in Table 4.11
has not very high NCD value (Bzip) but the practitioners have different
assessment of this set (Partially Similar and Very Different). This is an
important point that these two methods (NCD and Similarity Ratio) as
well as practitioners can have varying assessment for some pairs. However,
the assessment regarding very similar (first 10%) and very different pairs
(last sub-set) is usually same for all three methods. To summarise, the
practitioners, similarity ratio and NCD both were able to identify the same
test-cases as similar in most of the cases, keeping in view the context of
the test-cases. However, none of the methods is completely error free.
6.4 Impact of difference in Test-case size on NCD-based Approach:
NCD based approach revealed that there were test-case pairs that were
marked as false negatives (i.e. marked with no reuse potential, but have
similar lines) in both case-studies. It was found that all of these pairs have
one common aspect i.e. the difference in size of test-cases was high (5 or
more lines). This observation was also made by a previous study by Telles
et al. [38]. They claimed that NCD approach is impacted by the difference
in the size of the texts that are being compared for similarity. The result-set
in Table 4.6 and Table 4.8 shows that there are pairs that have high NCD
values but these pairs have few lines similar in test-cases. For example in
Table 4.6 the pair "65.txt - 17.txt" and "3.txt - 18.txt" have high NCD values
but these have 1 similar line between the two test-case pairs. Other testcases with similar NCD values do not have any similar lines. The same
observation is applicable on the case-study 2 results, in Table 4.8, where
the pairs "9.txt - 12.txt" and "3.txt - 12.txt" and "9.txt - 13.txt" have higher
NCD values (similar to the sub-set they belong to) but have 1 or 2 lines
similar in the pair. From NCD values of both studies we can confirm the
findings by Telles et al. [38] that NCD works better if the test-cases do not
have big difference in their sizes.
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results

In this section, the results from the two case-studies are aggregated and
important observations are documented. This section is described in way
that it can answer the research questions of this study, enlisted in Section
5.
7.1 Results of RQ1: How can the reuse potential in Behavior driven development test cases be identified?
The first research question formulated the core of this study. The results
from the different sources are described below and the last section discusses the final outcome of this research question.
7.1.1 Identification of Reuse Potential:
One of the objectives of the case studies was to assess if reuse potential
is present in the Behavior driven test-cases and if that reuse potential can
be identified and exploited. The BDD test-cases are written in plain text
(using human understandable language) and these test-cases are based on
the requirements that the system should satisfy. The textual nature of the
test-cases is different from the traditional code based or verbose (XML and
JSON) test-cases. In case of BDD, a single line of test-case is the smallest
reusable unit and the detection of this smallest unit is an important part
for identifying reuse potential.
The analysis of the data from two case-studies showed that there is scope
for reuse present in the BDD test-cases. This is an important finding since
the reuse potential is often associated with software engineering practices
such as reverse engineering, refactoring, software reuse etc., as discussed
in Section 3. Hence, these software engineering activities can be applied to
the textual BDD test cases.
7.1.2 Proposed Approaches to identify reuse potential:
In this study we have introduced an approach that uses two different methods for the identification of reuse potential in the Behavior driven testcases. The first method, NCD based approach, uses the compression algorithms to measure the similarity. NCD approach was applied in the pairwise manner i.e. each test-case was compared with every test-case. The second method, Similarity Ratio, was proposed specifically for the BDD based
test cases in this study. The method works by considering the single line
as the smallest possible reusable unit. The approach proposed in the study
demonstrated that these two methods can complement each other when
identifying the pairs with highest reuse potential. The approach helps in
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identifying the closely related test-cases that can be candidates for merging
into one test-case.. We evaluated the proposed approaches in the industry,
with the help of Julia and Python scripts that can generate NCD and Similarity Ratio Values. NCD based approach correctly identified the similar
test cases, confirmed by the manual comparison (line/statement being the
smallest unit). The inspection of randomly selected pairs from the subset
representing 10% NCD values that are closer to zero in case-study one, revealed that test cases have many similar lines. This similarity confirms that
there is a reuse potential present in the Behavior driven test cases, even
though these are text based. The ten random pairs from the subset with
higher NCD values (close to 1) revealed that there were no similar lines
in most of the pairs, except one pair. Hence, we can safely claim that the
normalised compression distance can reveal the reuse potential of the BDD
test-cases.
7.1.3 Results from Industrial Evaluation:
The evaluation performed on two case-studies, in Section 6, was analysed
for generalisation of results in the BDD context. The results from the first
case study were analysed to identify the potential conclusions and patterns
with the use of the proposed approach. Later, these conclusion and patterns were re-confirmed using different BDD test cases, as part of secondcase study. The important findings and conclusions from the evaluation
are discussed below:
Identification of Similar Pairs By NCD: The case study one provided a
pair-wise comparison with 2560 values, of 72 test-cases. The large number
of pair-wise values are difficult to analyse therefore it is better to partition
the data into percentage of values, after sorting the values in ascending
order. This partition makes the analysis easy and provided a way to pick
those pairs that really matter. Here, NCD value of pairs can guide us in
identifying the pairs to consider. The sorting of values ascending order provides the list of pairs on which the analysis can start. Similar approach on
the results of case-study one helped in the analysis of the values. We found
that the pairs with lower NCD values are present in the first 10% of the
result-set. These pairs have the highest reuse potential, as compared to the
rest of the test-case pairs, later proven by similarity ratio and practitioners
feedback.
Keeping in view the ascending order approach and the first 10% NCD
values, the same principle was applied on the result-set from the casestudy two. The first 10% values (12 values out of total 105 values) were
extracted from the result-set. The pairs belonging to these values were
analysed, manually by counting similar lines and by comparison with similarity ratio, for identification of candidates with highest reuse potential.
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Changes in NCD Values: NCD values obtained in the first case-study
vary from high to low, as shown in the Table 4.4. This variation between
NCD values indicate that the test-case set is showing similarity (with lower
NCD values) as well as diversity (with higher NCD values). The high NCD
values confirm that the test-set contains test-cases that are different from
other test-cases. The similar values contain
Identification of Similar Pairs By Similarity Ratio: The similarity ratio
approach proposed in this study works by considering the exactly similar
lines in both test-cases. The higher the number of similar lines in a pair
of test-cases, the higher will be the value of the ratio thus making it easy
to reuse (or combine) the test-cases. The data from case-study 1 (in Table
4.11) and case-study 2 (in Table 4.12) shows that the test-case pairs categorised by NCD with higher reuse potential have higher similarity ratio
values. The subset from first 10% values have similarity ratio values close
to 0.6 or more except for the pairs that were wrongly categorised by NCD
method (e.g. 8-10 in Table 4.12 and 27-12 in Table 4.11. These higher values
indicate that the similarity ratio method is able to identify the pairs with
higher reusable potential.
Changes in the Similarity Ratio Values: The similarity ratio value decreases with the increase in dissimilarity of test-cases. This can help in
identifying the pairs that are similar as well as the pairs that are dissimilar
from each other. The similarity values lies between 1 and 0, with 1 being
the pair with highest reuse potential and 0 with the pair with lowest reuse
potential (or dissimilar).
7.1.4 Outcome:
The industrial evaluation of the BDD based test cases shows that the reuse
potential can be identified using two different approaches i.e., Normalised
compression distance and Similarity ratio. We have demonstrated that
these two approaches are simple to use and a script can be made to apply
these approaches to large BDD test-case bases. The industrial evaluation
pointed out that similarity ratio performed better than NCD based approach with respect to finding similarity between the test-case pair. Moreover, the dissimilarity between the test-cases is a useful mean of identifying
unique test-cases. The methods proposed in this study help in identifying
the similar test-cases (that can be merged) and the dissimilar test-cases that
test a different flow from rest of the test-cases.
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The results and comparisons confirmed that the first 10% values contained
candidates with highest reuse potential and the sorting of NCD values can
give a good starting point for the reuse potential analysis.

7.2 Results of RQ2 How does the proposed approaches perform with respect to
measuring reuse potential?
7.2.1 Comparison with No of Similar Lines:
The number of similar lines in a test-case pair indicates the similarity (or
dissimilarity) between the pair. Each line in a BDD test-case is the smallest
reusable unit. During this study we have compared the results of NCD
and similarity ratio values with the number of similar lines between the
test case pair. The results present in Table 4.6 and Table 4.8 shows a comparison of NCD values with the number of similar lines in the test-case
pair. It is evident from the numbers that NCD based approach was able
to capture the similarity between the test-cases when compared with the
number of similar lines. However, it was found that if there is a considerable difference between two test-cases then NCD approach fails to identify
the reuse potential (similarity) of test-cases. The similarity ratio is based
on the number of similar lines between the test-cases therefore there is
a direct relation between the similarity ratio and number of similar lines
in a test-case pair. The results of this comparison are present in Table 4.9
and Table 4.10. Hence, from these results we can claim that both NCD and
similarity ratio approaches were able to identify the reuse potential when
compared with the number of similar lines.
7.2.2 Comparison of NCD approach and Similarity Ratio approach with Expert
Opinion:
A comparison of both approaches and expert opinion was performed in order to validate the results obtained from the application of the approaches.
The pairs of similar test cases were evaluated independently by two senior
practitioners (not the authors), who actually worked on these test cases.
The evaluation was conducted (i) to verify that similar test cases are correctly retrieved (ii) there are no false positives and (iii) to get the feedback
on the effectiveness of the approach. The evaluation shows that the both
approaches were able to identify the same test-case pairs as similar and
dissimilar as identified by the experts. This is an important finding since
the experts were the authors of these test-cases and they understood the
product, context and structure of the behavior driven test-cases. We can
conclude that both NCD and similarity ratio can identify the reuse potential comparable to the industry experts, with similarity ratio performing
better than NCD based approach.
7.2.3 Comparison between NCD and Similarity Ratio:
NCD-based approach and similarity ratio can measure the reuse potential
of a BDD test-case. However, these approaches are very different from
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each other and utilise different approaches to calculate the reuse potential.
Further discussion on each of these approaches is present in Section 3.
In this section, we have tried to identify the important lessons from the
comparison of NCD values and Similarity Ratio values.
The result-set from the two case-studies, present in Table 4.9 and Table
4.8, are used to perform the comparison and analysis on the values. The
main objective of this analysis is to identify if the values correspond to each
other and if any relationship between these two values can be established,
that is valid in the context of BDD test-cases. The results from the table
with NCD values and the table with similarity ratio values are merged to
form one table for each case-study. The two resulting tables are Table 4.11
and Table4.12.
For the comparison purposes, the authors decided to use the same subsets formed in previous section. In the case-study one the subsets in the
Table 4.11 described NCD values that are ranging from low (in First 10%)
to high (in Last 50%), and the similarity ratio values for the corresponding
test-case pairs are also following a similar pattern (from high to low). Similarly, the case-study two subsets also contained the values ranging from
highest to the lowest as shown in 4.12.
NCD values generated by all three compression algorithms and their
comparison with similarity ratio indicates a relationship of NCD values
(regardless of compression algorithm) and the similarity ratio values. NCD
values have lower values for the sub-sets and higher similarity ratio values
for the same sub-sets. However, it was noted that the lowest NCD value
(0.128787879, for 38.txt-35.txt) does not correspond to the highest similarity
ratio value (0.9, for 1.txt - 17.txt). Even though NCD values were lower for
most of the test-case pairs there was no one to one correspondence with
the higher similarity ratio values.
The sub-sets with higher NCD values do correspond with the relatively
lower similarity ratio values, compared to the first sub-set. The second
and third sub-sets (in Table tab:comparisonNcdSRCase1) have shown some
reuse potential (discussed in previous sections) according to their NCD values and similarity ratio values. The comparison of NCD value and similarity ratio do show a relationship in these sets as well i.e. the value of similarity ratio changes with NCD value. The fourth sub-set contains many value
where the similarity ratio is zero and NCD values are relatively higher.
For the second case-study, the first subset (First 10%) contain NCD values of all three compression algorithm and the corresponding similarity
ratio values (in Table 4.12). In this context, the values of similarity ratio
are higher and the values of NCD are lower as compare to the rest of the
result-set. But the corresponding lowest NCD value (0.185, for 13.txt-12.txt
) does correspond to the highest similarity ratio value (0.833, for 13.txt12.txt). However, there were sets that have lower NCD values and lower
similarity ratio as well but generally the (relatively) lower NCD values

relate to the (relatively) higher similarity values. The sub-set with lowest
similarity values (mostly 0) does correspond to the higher NCD values.
To sum up, there is relationship between NCD values and the similarity ratio. In majority of the cases, from both case-studies, we have seen
that NCD values increase with the decreasing similarity ratio values. This
relationship can be used to correctly identify the candidates with reuse
potential.
7.2.4 Difference in test case size matters:
The result set obtained from applying NCD based approach includes pairs
that had few similar lines but very high NCD value showed that test-cases
did not contain any similar lines. However, on manual inspection of testcases it was found that the two test-cases have some similar lines indicating
reuse potential. Analysis of such cases shows that the there is considerable
difference between the size (number of lines) of two test-cases. Since NCD
works by compressing characters of each test-case therefore the big difference in size of two test-cases will yield a higher NCD value. This causes
false negative results for NCD based approach if test-cases have big difference in size. For smaller differences in size NCD based approach works
fine.
7.2.5 Suitability of approaches for large test-case repositories:
The two case-studies were executed in two different contexts i.e. large testcase base and small test-case base. The performance of two approaches
showed that these approaches were able to identify reuse-potential in both
contexts. However, we feel that these approaches are more useful when it
comes to large test-case base. The automated scripts executing these two
approaches can yield the pair-wise comparison values which can be used
to identify the most similar set of test-cases and the most dissimilar set
of test-cases. The similar test-cases can be combined to reduce the redundancy and the effort on maintaining these test-cases while dissimilar testcases are kept to test unique cases.
7.2.6 Impact of different compression algorithms:
The different compression algorithm produced different NCD values from
each other, for the same test cases. There were no identifiable patterns that
can reveal the impact of the compression algorithm on the applicability of
NCD based approach on the BDD based test cases. However, the subsets
that were formed in previous step, contained few pairs of test cases that
do not belong to the same subset formed by the other compression algorithm. A separate study is required to evaluate effectiveness of different
compression algorithms for BDD test-cases.
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discussion

A test strategy of an organization involves test resource, test resource allocation, test-case planning, testing tools etc. The test-strategy helps in identifying the scope, effort and resources required to perform software testing.
The two automated approaches to identify the reuse potential can help organizations in estimate of the effort and resources that are required for test
phase. A tester can identify, with help of two proposed methods, which
test-cases are similar to each other and can be merged to form a single testcases or which test-cases are different from each other and require more
effort. The usability aspects of Behavior driven test-cases and reuse potential to identify similarity and diversity makes it possible for organizaitons
to yield benefits with the use of two proposed approaches. Organizations
can reduce the number of resources allocated to write automated tests if
they use these approaches to identify the existing test cases similar to the
ones suppose to be developed.
8.2 Impact on test-case diversity:
Previous studies have proposed different methods to identify the different
flows that existing test-sets can follow in software program. Maximoff et al.
used the difference in input space to identify what is covered by the testcases [58]. Howeden proposed path analysis to identify diversity in test
data of a software program [59]. By using these two proposed approaches,
practitioners can easily identify how diverse their test-cases are and higher
NCD value (or lower Similarity ratio) value can be useful in quantifying
the diversity of test-case.
8.3 Impact on maintenance effort:
Agile methodologies (e.g., XP) emphasis on test-driven development and
refactoring of the code [17]. The two approaches proposed can be effectively integrated with-in agile processes. Behavior driven development is a
variant of Test-Driven development, as stated in Section 2, and the two proposed approaches can help in identifying and refactoring the existing testcases. The continuously changing code requires a corresponding change
in the test-cases. Chu et al. claims that test first methodologies may have a
negative impact on the maintenance effort of test-cases i.e., effort to revise
a test-case is more than the code [60]. Moonen and Kok, in their study
on refactoring of test-code, suggest that refactoring for test-cases is different from the refactoring of code [61]. They claim that improving test-cases
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8.1 Impact on test Strategy:

involves additional maintenance effort. The industrial evaluation of these
two approaches proved that these approaches can help in identifying the
similar test-cases that needs to be modified, thus helping in refactoring
effort. If two test-cases are very similar, perhaps development teams can
merge these test-cases. The merged test-cases will reduce the number of
test-cases but the merging will not reduce the test-functionality.
8.4 Speed up analysis on large test-sets
The two proposed approaches can be easily code into a script. This script
can help the software organizations to perform analysis on the very large
test-case bases. Although, the time and the space complexities can increase
with the increase in number of tests but the approaches do not provide any
restrictions on the number of test-cases. The two industrial evaluations on
the test-cases performed using the proposed approaches took less than 3
minutes to generate a pairwise comparison. A sorted list of NCD or similarity ratio value can provide 10% of very similar and very dissimilar testcases. The practitioners can start working on these two sets as a starting
point of their analysis.
8.5 Domain independent method:
Both NCD based approach and Similarity ratio approach are independent
of any specific domain. These methods takes into consideration only the
text of test-cases. Such methods can be used to identify the reuse potential
across different domains e.g., the similarity between test-cases from an Ecommerce product and a different telecom product can be identified using
this method.
8.6 Independent of Test-case Structure
Kasurinen et al, in their study on testing practices revealed that large organizations prefer usability and structure of testing related practicies and
tools [54]. The two proposed approaches have a distinct advantage that
these are independent of test-case structure. NCD approach takes into consideration the similar characters while similarity ratio takes into consideration the similar statements therefore these two approaches can work on
test cases written by different test developers with different style of writing
a test-case, as seen during industry evaluation.
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One of the drawbacks, as with most reuse methods, with two approaches is
that they are not able to capture the context of test-cases e.g., a test-case to
create a user profile and a test-case to update a user profile may have many
similar lines but the two approaches will mark these as similar despite of
testing different use-cases. The lack of context awareness may reveal false
positives and may cause inconvenience for the practitioners.
8.8 Effectiveness in Product line Engineering:
An additional benefit of the approaches to identify reuse potential of feature oriented test-cases (BDD test-cases) is that these approaches can support software product line engineering. The BDD test-cases are written in
a way that each test-case represents a feature of a product, derived from
the requirements. In software product lines engineering, the organizations
develop the new features from reusable assets [62]. The two important
processes of product lines: (i) developing features that can be classified as
reusable assets, and (ii) developing products from reusable assets can be
supported by using NCD and similarity ratio approach. As BDD test-cases
are written at feature level therefore the identification of similar feature
can be carried out by comparing the requirements of new feature with
the already present test-case base. The feature oriented domain analysis
approach (to develop new products) can be supported by the presence of
BDD based test-cases and using NCD / Similarity ratio approaches for
identification of existing features. Kolb and Muthig described testability as
a challenge to product line engineering [63]. The reuse potential and the
feature driven approach can increase the testability of product lines in an
efficient way.
8.9 Effectiveness in Micro-services Architecture:
Recent studies have shown that Behavior driven development has become
a popular development process for the development of Micro-services in
large scale systems [64]. Each micro-service contains a well defined features and the presence of BDD based test-cases help in testing and documenting these features. The introduction of approaches to identify reuse
potential in BDD test-cases can help the organizations to find similar or
dissimilar existing micro-services, based on their existing test-cases.
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8.7 Lack of context awareness:

9

validity threats

The two case-studies described in our study were described in detail along
with all the possible factors that may impact the results. We have compared the results of our proposed approaches with the results from experts
who have been working with these products and they understood Behavior driven development. However, there may be limitations associated with
this study. Petersen and Gencel suggested to address the validity threats
based on the worldview of the software engineering research methods [65].
They provided a check to determine the relevant validity threats. Since, our
study is based on two case-studies of BDD based test-cases therefore the
study can be classified as having a positivist worldview (i.e., object of the
study is a software product). We have discussed the validity threats applicable on the data collection and data analysis phase of this study.
9.1 Theoretical Validity:
Theoretical validity deals with if the study is able to capture what was
intended to be captured or there are other factors that may impact the
study.
One of the important concerns is the selection of cases to conduct this
study. The test-cases were written by developers who were writing and using the BDD based test-cases for the first time, although some of them had
several years of experience of working in the same organization and domain. Since, the two approaches (NCD and similarity ratio) were applied
on test-cases that were still new therefore there is a possibility that maturity
of level of test-cases may impact the reuse potential. A very experienced
team may have designed the test-cases in a way that the utilised lesser text
but covered more functionality, thus impacting the reuse-potential.
Second important concern deals with if NCD and Similarity Ratio actually measure the reuse-potential. To address this concern we have taken the
following steps in our study: (i) provided a discussion on reuse-potential of
BDD; (ii) explicitly described the smallest reusable unit in a BDD test-case
(i.e., a single statement in BDD test-case), and (iii) we have used different
methods, such as comparing common lines in test-case pair and comparing results with results from industry experts, to evaluate the results of
NCD and similarity ratio. We believe that with these three steps that are
applied on NCD and similarity ratio approaches have proven to be effective in measuring the reuse potential.
Third concern deals with the calculation of Normalized Compression
Distance (NCD). NCD is based on the compression that is applied at each
character of text and we have used to measure the reusability of one statement in a BDD test-case. In our experience, this mismatch has not proven
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to be a major limitation when the results of NCD were compared with Similarity Ratio and with results from experts. However, there is a threat that
NCD may not be a good approach to identify reusability of BDD test-cases,
contrary to what we have experienced in two industrial case studies.
9.2 Interpretive validity:
Interpretive validity deals if the conclusions that are drawn from results
are correct and these are not based researchers’ bias.
The foremost concern to the interpretive validity is based on the usefulness of NCD and similarity ratio approaches. Since this study was an exploratory in nature, therefore it was difficult to judge if these approaches
are an effective way to identify reuse-potential. To address this concern,
we have asked the experts to: (i) identify if the test-case pairs were similar (same pairs that were marked similar by NCD and similarity ratio),
and (ii) evaluate if test-cases can be merged into a single test-case. By including the experts feedback we have made an attempt to re-confirm the
conclusion that NCD and similarity ratio are effective in measuring reuse
potential of BDD test-cases. The other important conclusions such as impact of large difference is size of test-cases, suitability of test-cases for large
test-case bases and impact of compression algorithms were extracted from
the data related to NCD values. These conclusions are applicable in the
context of this study and in different contexts these conclusions may not
be true.
9.3 Generalizability:
Generalizability refers to the general applicability of results over different
settings.
The two case-studies were conducted on two different products from
two different projects. These case-studies were conducted in the same
organization, although both cases have different contexts (programming
language, tools, process etc.,) and development teams. The results of this
study might differ if the study was carried out in different organization
but still this study captures the advantages and disadvantages associated
with the reuse of BDD test-cases. We have proved that the reuse of BDD is
a possibility despite of their textual nature. Therefore, keeping in view the
exploratory nature of this study and simplicity of proposed approaches
(NCD & Similarity ratio) in this study, we believe that the results are interesting for practitioners and software organizations.
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conclusion

The idea of reusing an artefact to develop a new artefact has been explored
by software engineering researchers for two decades. With the changing
technologies and processes, new artefacts of several types in software development are introduced. The test-cases in Behavior driven development
(BDD) are one of the new artefacts introduced recently and getting popular in industry. The format and structure of BDD test-cases is designed in
a way to facilitate the alignment of requirements and test-cases and these
test-cases are written in ubiquitous language i.e. Gherkin format. This is
an exploratory study to identify that BDD test-cases contain reuse potential and propose approaches to exploit their reuse potential. We have proposed two approaches (Normalised Compression Distance approach and
Similarity Ratio)approach that can be used to exploit the reuse potential
of BDD test-cases. These approaches were evaluated using test-cases from
two industry projects and re-confirming the results with help of experts.
The threats to the validity and discussion on the results is also provided
in the respective sections. Following research questions were addressed in
this study.
RQ 1: How can the reuse potential in Behavior driven development test cases
identified? We have identified two different approaches to exploit the reuse
potential of BDD test-cases. The first approach, normalised compression
distance, utilises the distance value to find the similarity between test-case
pairs. The distance value ranges between 0 to 1, where a test-case pair
with distance value closer to zero(o) has higher reuse potential as compare
to a pair with value closer to one (1). The second approach, Similarity
Ratio, is based on the number of similar / dissimilar lines in a pair of testcases. The ratio value ranges between 0 and 1, where values closer to 1
indicates higher reuse potential. The usage of two different reuse potential
approaches proved that BDD test-cases have potential to be reused in other
scenarios.
How does these approaches perform with respect to measuring reuse potential
in an industrial context? The two proposed approaches, to measure reuse
potential of BDD test-cases, were evaluated with the help of two industrial
test projects. To begin with, the two approaches were applied on the first
industrial project (with 72 BDD test-cases covering 80+ use-cases). These
approaches were applied using automated scripts that performs pair-wise
comparison of all the test-cases and produces NCD and similarity ratio
values. As large number of pair-wise comparisons were produced, we partitioned the results into four sub-sets (First 10 % with low NCD value, Next
30%, Next 50% and Last 10% with high NCD values) and samples of ten
random test-case pairs from each subset (in total 40 test-case pairs) was
extracted for the purpose of analysis. The manual analysis showed that
the increase in NCD value is consistent with decreasing number of similar
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future work

The behavior driven development is still relatively new and much work
is needed to explore all the aspects of BDD test-cases. In future, we shall
like to perform a similar study on test-cases from mature BDD project as
finding a mature BDD project (preferably in maintenance for several years)
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lines in test-cases. The same sets of test-case pairs were then used in Similarity Ratio analysis. The similarity ratio analysis produced results similar
to NCD approach and the results were consistent when manually verified
with similar lines in test-cases. Later, similar steps and analysis were performed on the second industrial test-cases, containing 15 test-cases testing
20+ scenarios. Both NCD and similarity approaches were able to detect the
reuse potential correctly when compared while manually looking into the
test-cases.
Two experts from the industry, who have experience with BDD and the
products from where the test-cases were taken, were invited to perform
reuse analysis on same pairs of test-cases that were selected in two casestudies. The experts were asked to identify that if the pairs of test-cases
were similar, partially similar or dissimilar. They ranked all the test-case
pairs and their results were compared with the results of NCD and similarity ratio approach. The two approaches show encouraging results when
compared with the results of industry experts. Therefore, we can conclude
that the two proposed approaches can be used to identify reuse potential
in industrial settings.
What conclusions can be deduced from analysis of case studies with respect
to reuse potential in BDD? We found that similarity ratio performed better
than NCD when identifying the reuse potential. We discovered some false
negatives (dissimilar) test-case pairs that have higher NCD values (less
similar) even though these have higher similarity ratio value (high similarity). The reason for this mismatch was found to be the difference in size
of the test-cases i.e. NCD is prone to error if two test-cases have considerable difference in number of lines. The industrial evaluation proved that
the proposed approaches can be automated in the form of script and used
on large test-case base. This helps in speeding up the analysis of test-cases
for reuse potential and it is much quicker than any manual analysis performed by the practitioners. These two approaches can help in identifying
the diversity in test-case base i.e. higher reuse potential lower diversity.
This can help the organizations in devising a strategy to focus on aspects
that require more testing. These findings can help the practitioners in understanding that the reuse potential exists in BDD test-cases even though
they are different from conventional code base test-cases. The findings enable the practitioners to evaluate the pros and cons of two approaches.

is difficult. We would like to compare the results from this study with the
results from a mature BDD project. The two proposed approaches were
developed keeping in view the textual nature of the BDD test-cases. In the
industry there are other test-case formats that are not similar to BDD but
they are verbose in their text e.g., XML and json. We plan to apply the two
proposed approaches on XML and json based test-cases from industry and
compare the performance of these two approaches.
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Capturing Cost Avoidance
through Reuse: Systematic
Literature Review and Industrial
Evaluation
1

summary

Cost avoidance through reuse shows the benefits gained by the software organisations when reusing an artefact. Cost avoidance captures benefits that
are not captured by cost savings e.g. spending that would have increased
in the absence of the cost avoidance activity. This type of benefit can be
combined with quality aspects of the product e.g. costs avoided because of
defect prevention. Cost avoidance is a key driver for software reuse. The
main objectives of this study are: (1) To assess the status of capturing cost
avoidance through reuse in the academia; (2) Based on the first objective,
propose improvements in capturing of reuse cost avoidance, integrate these
into an instrument, and evaluate the instrument in the software industry.
The study starts with a systematic literature review (SLR) on capturing of
cost avoidance through reuse. Later, a solution is proposed and evaluated
in the industry to address the shortcomings identified during the systematic literature review. The results of a systematic literature review describe
three previous studies on reuse cost avoidance and show that no solution,
to capture reuse cost avoidance, was validated in industry. Afterwards, an
instrument and a data collection form are proposed that can be used to
capture the cost avoided by reusing any type of reuse artefact. The instrument and data collection form (describing guidelines) were demonstrated
to a focus group, as part of static evaluation. Based on the feedback, the instrument was updated and evaluated in industry at 6 development sites, in
3 different countries, covering 24 projects in total. The proposed solution
performed well in industrial evaluation. With this solution, practitioners
were able to do calculations for reuse costs avoidance and use the results
as decision support for identifying potential artefacts to reuse.
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2

introduction

Software reuse helps the organisations in decreasing costs while still meeting certain quality requirements [1] [2]. However, introducing a reuse culture in an organisation is difficult because software reuse is concerned
with various aspects of software development [3]. Technical, management
and business aspects of software reuse are still being researched [4] [5].
The measurements related to software reuse have been reported in various
studies [6] [7]. A study by Frakes [8] described different types of reuse metrics such as costs related to software reuse, levels of software reuse, measuring reusability, etc. These measurements provide a foundation for building,
maintaining and improving the reuse processes and reusable products.
As the practitioners develop a software product they come across problems that they have solved in the past. In these cases, they often reuse the
solution they had developed in the past or they reuse a known solution
from someone else [9]. This type of reuse, which is not planned in advance, is known as pragmatic (ad-hoc) reuse [10] [11]. Studies have shown
that a considerable reuse takes place in the form of pragmatic reuse [9] [12].
This type of reuse takes place in a white-box way (needs modification before reusing) [13]. The effort spent on making this component reusable
and costs avoided (in the form of money or effort) because of this reuse
instance are hard to know in advance. The systematic reuse approaches,
such as product lines [14], have been proposed, but ad-hoc reuse takes
place on a frequent manner [9] [12].
A variety of software reuses cost models already exist in literature
[15] [16]. Poulin [16] categorized these cost models into three types: Return on Investment models, Cost Benefit Analysis models and Cost Avoidance (CA) models. These models provide solution to different problems.
Return on Investment models measure benefits for organisations that have
already invested in reuse processes. Cost-Benefit models are used for making decisions on reuse investments and these are useful for management
in making optimal decisions about software reuse. Cost avoidance models
help to calculate the costs avoided by reusing an artefact. These have a
limited scope as these are only applied after the artefact has been reused
and these models (CA) do not impose any restriction on reuse practices or
investments.
In the context of this study we have followed the definition of cost avoidance provided by Poulin, who defines cost avoidance as the financial benefits in terms of money that the organisation has prevented to keep from
occurring [16]. This prevention can take place because of ad-hoc reuse or
improvement in quality of software, thus causing fewer bugs or buying
third party product at lesser cost than quoted in contract. An example of
cost avoidance is provided in Section 3.
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• Contribution 1: To investigate the reuse cost avoidance measurement
solutions present in the literature.
• Contribution 2: To identify an artefact-independent method that could
help the organisations to measure reuse cost avoidance (CA).
• Contribution 3: To evaluate the identified artefact-independent method,
in the industry, for measuring cost avoidance (CA) through reuse.
It is worth mentioning that the study is not aimed at understanding general reuse culture or processes, it is limited to cost avoidance measurements only.
Section 3 describes the different aspects of cost avoidance. In the first
phase (Section 4) of the study we investigate the state of the art in relation
to reuse cost avoidance. This is done with a systematic literature review on
software reuse cost avoidance. The recommendations from the first phase
are presented in Section 5. Based on the recommendations, a cost avoidance measurement instrument is proposed in Section 6 . The instrument
is evaluated dynamically by its application to 24 industrial projects, described in Section 7. Section 8 discusses the results and the approach used
for calculating reuse cost avoidance. Threats to the validity of the study
are described in Section 9. Section 10 concludes the paper. An overview of
the complete study is shown in Fig. 5.1.
3

background:

We provide the definitions important in the context of this study, and thereafter provide an example of cost avoidance through reuse and make the
difference to cost savings explicit.
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The cost avoidance through reuse is difficult to measure because of two
reasons: (i) Cost avoidance usually takes place in pragmatic software reuse
(also known as ad-hoc reuse) and it is hard to predict how much costs
can be avoided. In the systematic reuse process or in software product
lines the reusable artefacts can be already identified, their modification
costs can be estimated and these reuse instances can be planned by the
organisations. (ii). Reuse artefacts, as presented in literature, are of various
different types [17]. With the introduction of various types of reuse artefacts, measuring cost avoidance through reuse can become difficult. There
are no agreed upon guidelines that can help organisations in measuring
reuse cost avoidance. This study attempts to address these issues. The contributions of this study are:

Figure 5.1: Chapter 4: Study overview.

3.1 Definition of terms
The terms “cost savings”, “cost avoidance” and “return on investment
(ROI)” are describing different types of benefits. The “cost savings” are
the benefits that take place when an action reduces the costs. These savings
are usually planned and can be measured more easily. “Cost avoidance”
takes place when an action prevents (avoids) the future costs to happen.
These are the financial benefits gained without expending resources [18].
The “return on investment (ROI)” describes the ratio of financial benefits
(e.g. profits) achieved from an investment. The cost avoidance benefits are
often difficult to measure because of the ad-hoc nature of software reuse.
Cost avoidance is frequently discussed in scientific literature [19] [20]
[21]. However, a variety of different definitions of cost avoidance exist in
the literature. Laszlo described cost avoidance, in context of total quality
management (TQM) as the costs avoided because of improvements in the
quality of the product [22]. In a study on industry-university collaboration, Denis et al. described cost avoidance as the costs that did not incur
because of the industry university collaboration [23]. Ashenbaum differentiates between “cost savings” and “cost avoidance” in a study on supply
chain management [18]. According him, if there is an increase in output
without any additional resource expenditures, then the amount that would
have been spend to reach this increased output is the cost avoided. He describes an example where purchase price is lower than the “quoted” price

158

3.2 Example of Cost Avoidance through reuse
Consider a hypothetical software organisation selling solutions to multiple
customers. Assume that in the year 2012, the organisation spent $63,000
on the development of a customer project. Next year, in 2013, another customer project was completed that reused components from the previous
project (from 2012) but needed $60,000. See the Table 5.1 for detail.
Table 5.1: Development Costs Per Year.

Year

Lines of Code

Cost / line of code

Total Costs

2012

90,000

$ 0.70

$ 63,000

2013

80, 000

$ 0.75

$ 60,000

Here a project manager can claim that savings were $ 3,000 ($ 63,000 - $
60,000) when the organisation reused the components from the previous
project. However, the project manager discovers that second project uses
10, 000 lines of code fewer than in the first project. So without reuse the
organisation would have to write 10,000 additional LOCs. Due to increase
in the salary of developers and taxes the development cost per line of code
was also increased.
Cost without Reuse = cost per line of code (in $) X Lines of Code (LOC)
Cost without Reuse = $ 0.75 × 90, 000 LOC = $ 67, 500

(5.1)

Therefore,
Costs Avoided = $ 67, 500 − $ 60, 000 = $ 7, 500

(5.2)

The project manager can see that cost savings on the second project were $
3,500, but cost avoidance through reuse was $ 7,500. The absence of reuse
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of a product in the vendor contract, then this type of savings (quoted price
- purchased price) are known as costs avoided.
In software engineering, Jacobson et al. describes reuse cost avoidance
as a metric that reflects the reduction in the products development cost
because of reuse [24]. According to Frakes, reuse cost avoidance is the
reduced cost of a product because of software reuse [8]. Guerrieri, et al.
described cost avoidance as the costs that are avoided each time a reusable
component is reused [25]. Lim differentiated between the cost avoidance
from cost savings in an example in his study on software reuse [26]. According to him the costs avoided through reuse are the type of savings,
in terms of money, that organisations were suppose to spend, but did not
have to spend because of reusing an artefact.

would have decrease the cost savings and cost avoidance. Therefore, the
cost savings and cost avoidance describe different types of benefits to the
user.
4

phase i: systematic literature review

In Phase I, a systematic literature review (SLR) was performed to gain understanding of state of the art with respect to measurement of cost avoidance through reuse. Kitchenham and Charters describe a number of steps
for performing an SLR in [27], where they also list a number of benefits of
conducting an SLR. The study was carried out based on the guidelines proposed by Kitchenham and Charters [27]. In the following sections we detail
the research questions, data collection and results obtained from SLR.
4.1 Research Questions for SLR
In order to identify solutions for the measurement of cost avoidance through
reuse (as present in literature [8] [24]), the following research questions
were posed:
• RQ 1: Which studies describe a solution to calculate the cost avoided
through reuse in a direct way?
• RQ 2: What metrics are required in order to apply each of these
models?
• RQ 3: What are the limitations of the models?
• RQ 4: How have the models been evaluated?
4.2 Search Strategy
To construct the search terms used for the study the following steps were
performed:
1. Develop and list the search terms based on the research questions.
2. From the list of terms, the synonyms of terms were added in the list
of search terms.
3. New search terms were collected by changing the plurals to singular
forms and singular to plural forms.
4. New search terms were collected by gathering keywords from abstracts and conclusions from a sample of relevant research papers.
5. New search terms were collected by browsing through grey literature
(technical reports, non peer reviewed articles, and webpages)
6. New search terms were constructed by using Boolean OR with synonyms of search keywords and by using Boolean AND for combining
different search terms
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7. The search terms were piloted on the IEEE Xplore database. This piloting of the search strings helped in improving the quality of search
terms.

Different databases were selected to identify the relevant studies based
on the guidelines proposed by Kitchenham and Charters [27]. The databases
are: ACM Digital Library,IEEE Xplore, SpringerLink, ScienceDirect, Engineering Village, Wiley InterScience, ISI Web of Science.
Dybå and Dingsøyr’s procedure [28] was followed for managing citations during this study. Endnote was used for storing the citations and
removing any duplicate studies in the initial phase. During later stages of
the study, spreadsheets were maintained for the each subsequent steps.
4.2.1 Study Selection Criteria
Keeping in mind the research objectives of this study, ‘Cost Avoidance
through reuse’ [16] was selected as the main focus. Study selection criteria
were divided into exclusion criteria and inclusion criteria.
Inclusion Criteria
• Discusses cost related aspects of software reuse with a focus on calculating cost avoidance.
• Should be published in a journal, conference or workshop (not necessarily peer reviewed!)
• Describes a validation of the presented cost avoidance model, i.e. an
empirical study.
• Any type of methodology used in the study is valid, e.g. literature
review, systematic review, industrial experience, case study or an experience report on reuse cost estimation models.
Exclusion Criteria Any study not related to Software reuse and cost
avoidance was removed. The studies that were in a language other than
English were removed. If the full text of the study was not available then
the study was not included.
4.3 Data Collection
A data collection form was developed for extracting the information from
the selected studies. The data extraction form capturing general information (article title, authors, references), context information (industry or
academia, study of professionals or students), and information related to
the measurement instrument and its evaluation (such as metrics, outcome
of evaluations, and so forth). The number of papers excluded at different
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All search terms, as used with different combinations, are listed in Table 5.2.

Table 5.2: Chapter 4: Results after initial search and search strings.
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Search term

#papers

Software Reuse Cost Model

1545

Reuse Cost Model

3069

Software Reuse Cost Measurements

327

Software Reuse Cost Measuring Framework

172

Software Reuse Cost Estimation

567

Software Reuse Savings

678

Measuring Software Reuse Benefits

147

Software Reuse Economics

470

Reuse Economics

1414

Software Reuse Benefits

2326

Reuse Benefits

2560

Software Reuse Cost Avoidance

130

Reuse Cost Avoidance

400

Reuse Return On Investment

572

Software Reuse Return On Investment

422

Reuse Finance

180

Reuse Cost Estimation

927

Reuse Cost Assessment

843

Software Reuse Cost Estimation

369

Software Reuse Cost Assessment

189

Software Reuse Business

1777

Reusability Cost

1989

Software Reuse Cost Measurement Method

147

Software Reuse Cost Measurement Technique

118

Software Reuse Cost Reduction

490

Software Reuse Price

119

Tracking Reuse Cost

196

Monitoring Reuse Cost

413

Reuse Cost Benefit

1249

Software Reuse ROI

972

Software Reuse Financial Aspect

43

Total

24820

5
Figure 5.2: Chapter 4: Multi-step filtering of studies and final number of primary
studies.

stages of the inclusion and exclusion process are shown in Fig. 5.2. After
the first application of the inclusion and exclusion criteria a snowball sampling step has been performed (backward snowballing) [30] to determine
potentially relevant articles from the reference lists. The objective of this review was to find studies that described the measurement of costs avoided
through reuse in software development. Therefore, these 30 papers were
manually reviewed in-depth. While checking the complete paper it became
apparent that the focus was not on cost avoidance, hence finally only three
models were found that directly addressed the costs avoided through software reuse. These three primary studies were presenting measure for capturing cost avoidance [16, 33, 34].
These three articles had one thing in common; they provided a mechanism to measure the costs avoided through reuse. In addition, there were
two other papers that could be seen as primary studies, [31] and [32], but
these papers were very neatly summed up in [16] and, hence, we focused
on the latest reference in this case.
Since only three primary studies were identified therefore quality assessment was done in a simple way. The details of quality assessment are
not described in this study and these are available on web [29]. The other
details obtained from each step of SLR are also provided on the web [29].
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4.4 Results from SLR
4.4.1 Models to capture cost avoidance (RQ1)
In the following paragraphs a brief analyses of the three primary studies
[16, 33, 34] are provided.
Poulin’s et al. model: The model was originally proposed in a study [31]
and further described by Poulin in [16]. The model is applicable on individual projects or individual teams and is divided into two ‘phases’. One
phase is concerned with costs avoided during development and the other
phase focuses on costs avoided during maintenance. According to this
model, the direct cost avoided (DCA) can be estimated by the following
equation:
DCA = RSI × (1 − RCR) × NCC

(5.3)

where RSI includes completely unmodified reused software lines of
code, RCR is the relative cost of reuse (they use a factor of 0.2 i.e. cost
of reuse) and, finally, NCC is new code costs. If the costs to develop a
new component equals one unit of effort then the Relative Cost of Reuse
(RCR) can be defined as “portion of this effort that is required to reuse a
similar component without modification (black-box).” Here without modification means searching, identifying, integrating and testing the reusable
artefact [16]. Additionally, Poulin et al. calculate the service cost avoidance
(SCA) of the reused software as:
SCA = RSI × ER × EC

(5.4)

where ER is the rate of errors reported during maintenance/service and
EC is the cost incurred in reporting errors and retesting fixes. Poulin et
al.’s final equation for reuse cost avoidance equals:
RCA = DSA + SCA

(5.5)

This model assumes that the users are aware of the costs per lines of code.
The model is based on lines of code; therefore, no other software artefact
can be measured with this model and, hence, points at a weakness with
the model.
Defense Information Systems Agency: United States Defense Information Systems Agency has proposed a model [33] similar to Poulin’s et al.
model [16]; in fact [33] could be seen as a more complex variant of that
model. The following equation is used as a basis for this model:
Cost Avoided = R × (En − Er) − COT S

(5.6)

where R is the costs of new custom code (in personnel hours). En is the
estimated effort without reuse, and calculated by a × L, where a is the
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where SR is the search hit rate (percentage of i that yielded a positive
search result), T LR is the time to locate each potentially reusable item, U is
the time to understand the suitability of each potentially reusable item (for
the current task), N is the number of items that were examined, including
each of the items that finally was reused, i is the number of attempted
instances of reuse, MOD is the time to integrate/modify the reused item
for current purposes and, finally, BUILD is the time to build an element
from scratch.
First, here they assume that organisations collect metrics such as search
hit rate, time to understand suitability, etc. Secondly, this method provides
a value regarding search hit rate equaling to 20%, though the reason behind this decision has not been made explicit. The above critique, limits
the model’s application, as most organisations are not interested in collecting complex metrics as it can be considered an overhead for the organisation [35]. This model also lacked clarity and necessary details such as how
to collect data and what should be counted as reuse. However, it is clear,
that the focus of the article was to provide a model for CA and validating the model in industry is not discussed (as required by the inclusion
criteria).
4.4.2 Metrics Required (RQ2)
Two models were based on the number of lines of code [16, 33]. In order to apply these models, one has to know the number of lines of codes
reused and the total size of the product in terms of lines of code. The third

165

5

relative cost of writing new code in personnel hours/lines of code, and L
is the number of lines of new custom code, default for En is set to 1. Er
is the estimated effort with reuse, also calculated by a × L, however, a, the
relative cost of verbatim reuse, defaults to 2, and L is the lines of verbatim
reuse code. Finally, COT S is the direct cost of buying the component (no
mention of the indirect costs, e.g. learning how to use the component, can
be found in [33]).
Unfortunately, this model has similar limitations as the previous model
since it is based on, among other things, the number of lines of code and
does not take into consideration any other forms of software reuse.
Amar and Coffey’s Model: Amar and Coffey provide three different models for measuring reuse savings [34]. They take into consideration the processes present in an organisation (ad hoc or systematic) and based on the
processes one of the proposed formulas is used. The simplified formula
for ad hoc reuse is thus:
"
#
N
MOD
i
% savings = SR − (T LR + U) ×
− SR ×
× 100 (5.7)
BUILD
BUILD

model, [34], was mainly based on personnel hours as a basic metric; however, it also included a number of corresponding metrics based on several
other data points, e.g. search hit rate and number of attempted instances
of reuse.
4.4.3 Assumptions of the Models (RQ3)
Reuse artefacts, as presented in literature, are of various different types [17].
The first thing to consider regarding the limitation of any model is to investigate the types of artefacts it can measure. Table 5.3 shows the artefacts
each model can measure [16, 33, 34]. In some cases it was difficult to know
whether the artefact could be measured or not, and in such cases ‘∼’ is
used as an indicator.
4.4.4 Evaluation (RQ4)
By empirically evaluating in industry researchers can find out the limitations and advantages of their suggested approaches. The three primary
studies were checked with respect to evaluation performed in industry.
Both,Poulins [16] and DoDs [33], have been evaluated in industry (IBM
and US Department of Defense, respectively), however details of the evaluations were missing. We could not find any indications that [34] contained
a description of an evaluation in industry.
√
Table 5.3: Chapter 4: Artefacts measured by models [17]. ( indicates measures , ∼
indicates uncertainty, indicates do not measure )
Artefacts

[16]

[33]

∼
√

Algorithms
Architectures

√

Data

√

Design

√

Documentation
Estimates

√

Human interfaces

∼
√

Knowledge [36]
Models

√

Plans

√

Requirements

√

Service contracts
Test cases
Code
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[34]

√
√

√

√

4.5 Conclusions from SLR

• Lines of code, as a metric for calculating CA, cannot measure different types of reuse artefacts. Bhragv et al. have identified at least 14
different artefacts that can be reused therefore lines of code is not a
relevant metric for many reusable artefacts [17]. Table 5.3 lists different reusable artefacts.
• The basic formula, for measuring the costs avoided through software
reuse remains the same in all models, i.e. Costs without reuse - Costs
with reuse. All models calculate reuse cost avoidance by the same basic formula; however, the metrics used in the formula differs between
models. Two models used lines of code as a basic measure while one
model used personnel hours as a basic measure for calculating software reuse. No temporal variable of costs was included, which is
usually the case with cost-benefit reuse models (except for Poulin et
al.’s model [31] that addresses net present value).
• No guidelines on what metrics to collect, for calculating cost avoidance through reuse, and how to collect metrics, related to a specific
model, were found. The collection of metrics can cause problems for
industry practitioners e.g. problems in using function sizes [38] and
different definitions of lines of code [39] are well documented in the
literature. None of the models provided guidelines.
• Only a limited number of studies is present on the industrial evaluation of models capable of calculation cost avoidance through reuse.
One primary study was not evaluated in industry yet [34]. Literature contains evaluation experiences of two models only ( [16, 33]).
In an engineering discipline, it is important to evaluate the solutions
in the industrial settings [40]. Industrial evaluation of studies acts as
template and guidelines for other organisations that want to address
similar problems. In particular, other aspects such as the origin of the
reuse, e.g. COTS vs. Open source development, play a role, as well as
the product where the reuse was taking place, and the point of time
in which the reuse took place. Thus, these aspects need to be captured as well. This allows to retrospectively reflect and analyse the
reuse practices in an organisation. In short, the reuse context has to
be understood and captured, as context is generally important when
interpreting data [41] [42].
• No limitations related to the models were reported. Negative findings help practitioners in evaluating a model before its usage and,
hence, it can be seen as a major drawback associated with these models.
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In previous sections an analysis on the various findings from the SLR was
presented and, hence, the following conclusions were drawn accordingly:

5

recommendations from phase i

The research gaps identified (in Section 4.5) were transformed into recommendations for the next phase of the study. The recommendations are
described below.
• Propose a metric that can calculate cost avoidance of different types
of reusable software artefacts not dependent on measuring lines of
code. Lines of code are not relevant for many artefacts that are reused
in industry.
• Provide guidelines on the selection and collection of metrics required
to calculate cost avoidance through reuse and the possibility to contextualise the collected metrics. There are no guidelines present in literature that can help organisations in measuring the cost avoidance
through reuse and how to collect metrics required for this measurements.
• Provide a simple and intuitive instrument fulfilling the goal of understanding past cost avoidance as input for decision making for future cost avoidance. Simplicity here refers to only collecting a limited
number of measures needed to achieve the goal.
• Perform industrial evaluation of measurements for cost avoidance
through reuse. Only two articles were found in literature that mention industrial validation of models, though the details of validation
were missing. Both these articles ( [16, 33]) were based on lines of
code.
The solution proposed in the Phase II (in Section 6 and Section 7 ) tries to
incorporate these recommendations.
6

phase ii - proposed instrument

The next section proposes (i) an instrument that is applicable to all types
of reusable artefacts and the solution also provides (ii) guidelines on how
to collect the required metrics, used in the instrument.
6.1 Selection of Metrics
In a study on industry relevant research, Kanso et al. identified “Simplicity” and “Usability” of a solution as vital aspects to consider when developing solution for the industry [43]. The successful technology transfer
relies on the solution’s simplicity and ease of use. Gencel et al. claimed
that organisations have limited budget and resources for the collection of
metrics [44]. It is important to select the metrics that are simple and easy
to use. These two key inputs, (i) simplicity of solution and (ii) lack of re-
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6.2 The Instrument
The basic inspiration of the formula was taken up from Poulin’s work [16].
However, a fundamental difference between his and our proposal is that
instead of dealing with lines of code, the new formula deals with personnel
hours spent on reuse artefacts. Hence, we claim that the cost avoidance
through reusing any software artefact can simply be measured using:
Cost Avoided = (O − I) × H

(5.8)

Where O is the personnel hours spent on any artefact developed in-house,
I is the personnel hours spent on, e.g. identifying, understanding and integrating an artefact to be reused and, finally, H is the cost (in any currency)
of one personnel hour of work.
In many cases historical data is available if an artefact is an internal product of the organisation. This data can be used to establish personnel hours
spent on an artefact when developed in-house, i.e. the factor O. The factor
I on the other hand includes the time spent on, e.g. searching, understanding, integrating and testing the artefact, and the sum of all these phases
is used as time spent on reusing the artefact. In a case, where historical
data is not available an expert opinion can be utilised. Studies have shown
that the expert opinion is a reliable method in software development when
data is missing [46] [47] [48].
6.3 Solution
As a part of solution, a worksheet was developed that was generic enough
to accommodate any organisation without needing to make any changes in
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sources for metric collection, were considered during the development of
the instrument.
Studies have indicated the importance of reuse metrics in order to drive
the reuse goals [45], and one of the few measures, common amongst most
organisations, is ‘personnel hours’. Many organisations collect personnel
hours spent on tasks performed, as this measure is simple and easy to
collect, hence, we believe that an instrument should use that metric as a
foundation. Using personnel hours would also allow us to develop a more
abstract method that could be used to measure costs avoided on every
type of artefact, e.g. reuse of test cases or development environments (a
development environment can consist of e.g. development kits such as
frameworks, application servers, databases and build scripts). An added
benefit of using this metric is the ease in which we can collect it and that
no major guidelines are required for collecting it. A similar approach was
used by [34] in their study.

it. This worksheet was then used to collect data and understand the context
of reuse. The context of the reuse helps the practitioners in understanding
the applicability of the reused artefact for future reuse opportunities. Table 5.4, shows the basic data fields that were collected.
This instrument should be used after the reuse. During the initial phases
we do not know how much time (person-hours) would be spent on identifying an artefact (in pragmatic reuse [10]), changing it to fit our needs and
product architecture and time required for its verification.
7

evaluation in industry

The evaluation was done in two steps, first conducting a static evaluation
(collecting feedback from the practitioners), followed by a dynamic evaluation (application of the instrument to reflect on the reuse practices of the
organisation), as suggested by Gorschek et al. [40].
Both dynamic and static validation were carried out at a large telecommunication company on twenty four different projects, in six globally distributed sites.
7.1 Static evaluation
The static validation was influenced by the method devised by Gorschek et
al. keeping in view the industrial relevance of this study [40] . The purpose
of static validation was to get the feedback from the practitioners, with the
key question being how the instrument should be improved before it is
taken into live operation.
A presentation and demonstration, of the instrument and guidelines for
data collection, was made for a focus group having three designers, one
tester and two managers. The solution was demonstrated with help of
example use cases. The findings were shared with the user. Feedback was
recorded in notes during the meeting.
7.1.1 Results from the Static Evaluation:
Several participants, of the focus group, objected on the formula used for
calculating cost avoidance. They thought that the formula used should
only be based on the time reported on a task and that it should not be
based on figures present in literature since they believed that, for example, generalised values on the cost of reusing an artefact might differ quite
radically from case to case. Therefore, contextualisation was important aspect to assess the similarities and differences between reuse cases, which
resulted in the proposal of the data collection form shown in Table 5.4.
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Attribute

Information captured

Case No

Listed for keeping track of numbering and for reference in other reports e.g. Project Z or source control
number .

Name of the reuse
artefact:

The name used for artefact in the organisation e.g.
Test Scripts, Component X etc.

Category

Artefacts can be categorised based on the requirements of organisation. Each organisation has its
own products and these products vary in different
domains. This category is customisable according
to the requirements of organisation e.g. Code, Environments etc.

Origin

Original product from which the artefact was taken.
It can be the name or version which is used inside
the organisation e.g. requirements specification Version 1.2.1 of Product X.

Reused in

The final product in which software artefact was
reused. It can be the name or version which is used
inside the organisation e.g. requirement specification Version 1.0 of Product Z.

Quarter

Depends on organisations policy for generating reports. Value of this column can be replaced by
month or year. e.g. 2006 Quarter 2.

Hours
spent
when developed
in-house

Personnel hours spent on artefact when developed
in-house e.g. 820 hrs. In case where no historical
record of personnel hours is present we may use
expert opinion to estimate the number of hours.

Hours
reuse

Personnel hours spent on artefact when reused (in
identification, understanding, integration and testing of artefact) e.g. 39 hrs.

spent

Comment

on

For providing any useful comments. Used if some
clarification needs to be done.
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Table 5.4: Chapter 4: Data collection guidelines

Another feedback was to extend the tool in order to evaluate the results from several different perspectives. Various types of charts, graphs
and tables were added in order to analyse the results achieved by reusing
artefacts.
Based on the above feedback, the instrument was updated to its final
form as already presented in Section 6.
7.2 Dynamic evaluation
The next phase was to dynamically evaluate this instrument in an industrial environment, i.e. to actually use this instrument in a live setting. The
dynamic validation was divided into three steps. In the first step the instrument was used at one site in one project. In the second step the instrument
was used at one site in three projects and, finally, in the third step the instrument was used by several remote sites for reporting their reuse cases
and the cost avoided when reusing artefacts. In total 24 projects were involved in the dynamic validation. The steps followed during the dynamic
validation are described next in more detail.
7.2.1 Initiation
A tool was developed, which implemented the instrument, for managers or
reuse drivers to collect data from multiple sites. This tool was in the form
of a spreadsheet document with multiple worksheets, a sheet named after
each individual site. An analysis, part of tool, was performed from various
aspects e.g. cost avoided per site, total cost avoided at all six participating
sites, artefacts which avoided costs the most, etc. The snapshot of the tool
is available on web [29].The worksheets, as presented in Table 5.4, take
care of four different categories, i.e. code reuse, document reuse (test cases,
documentation, etc.), reuse of frameworks, and reuse of a development
environment; however, other types can easily be added if needed. Each
site has a resource (reuse driver) assigned to collect and report data back
to the main site. It was noted that negligible amount of time was taken by
the reuse-drivers for data collection.
7.2.2 Data Collection and Analysis
Data collection was executed on six different sites, which were geographically spread (Sweden, Netherlands, and China). An e-mail was sent to the
reuse drivers of each of these sites to report the reuse cases. The data of
reuse activities was collected for three consecutive months (March–May).
The required data was collected and reported in time by the reuse drivers.
This indicates the convenience and negligible costs associated in collection
of this metric i.e. personnel-hours.
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7.2.3 Results from the Dynamic Validation
The results of the dynamic validation showed that the reuse of frameworks
was responsible for most of the costs avoided (nearly 75% of the total savings). However, most number of reuse instances was reported from the
category ‘reuse of environment’. Table 5.5 contains the results from the
dynamic validation.
The reuse of an environment took the least amount of time and development environments were the most reused artefacts. No case was reported
for the reuse of documentation. The possible reasons for this could be the
limited amount of time (three months) or practitioners only focusing on
executable artefacts, or artefacts that are directly related to software development. The reuse of code took the most amount of time compared to the
reuse of other artefacts.
Different sources, [16, 49], have claimed that it takes around 20% effort
to reuse an artefact when using a black box approach. In our case, when
using white box artefacts, it took, on average, around 33% effort in order
to reuse it (the effort we are discussing here is in relation to the actual
effort taken to develop an artefact in-house instead of reusing it). However,
there were artefacts which took as much effort to reuse as it was required
to develop them in-house. It was interesting to find that, in our study, the
size of the artefact had no linear relation to the savings. We noted, however,
that medium-sized artefacts (150–300 estimated personnel hours) required
more effort to reuse, as compared to large or small artefacts. This pattern
was even more evident in cases where the development environment was
reused.
During the validation in industry, suggestions were made regarding the
expansion of the instrument. Some stakeholders wanted it to measure cost
avoided in maintenance. According to previous studies costs avoided in
maintenance are the major costs avoided through software reuse [50, 51].
However, the maintenance costs can only be calculated if the reused soft-
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The analysis of data was carried out using the developed tool, and involved measuring the percentage savings, type of reuse artefact which was
extensively reused, time taken to make the artefact reusable and total cost
avoided at each individual site, as well as the combined cost avoided. The
costs for data collection were not included as the projects were already
completed and the amount of time spent on reusing any artefact was already known. The time taken for collecting the data was of short duration
(1 personnel-hour per project).
The main aim of the dynamic validation was to judge the performance of
the instrument and the focus was not on the reuse processes at the various
sites. It also demonstrates the potential of what can be learned from the
analysis.

ware is used for a considerable amount of time, or can be estimated if
enough historical data is recorded and thus it was decided that this aspect
would be incorporated into the instrument at a later date. The solution
would be to include a state (new development or maintenance) in the data
collection guidelines (see Table 5.4).
8

discussion

This section describes different aspects of the proposed instrument, provides arguments in support of its use and also discusses potential problems, which may be present in the proposed solution.
Artefact Independent Solution: This instrument is based on all types of
artefacts; basically anything created, used or stored by an organisation during software development or software maintenance. A software project can
consist of several different artefacts of various types and at various stages.
As most of the artefacts can be represented indirectly in terms of personnel hours, the proposed instrument can be applied on project level as well
as on product level. These artefacts can vary from code-based artefact to
product documentation. This was highlighted as important from our initial
investigation during the observation and the survey. In particular, when using a comparable unit of measure we may compare where reuse is most
beneficial with regard to the artefacts. We may also do correlation analysis
to understand how the reuse of one artefact (e.g. requirements) may affect
the reuse of other artefacts (e.g. frameworks and components).
Data Collection Guidelines The proposed instrument contains a data
collection form (See Table 5.4), that can help organisations to contextualize
the findings. This form contains all the necessary fields that are required
to use the proposed instrument. During the dynamic evaluation, this form
was used and practitioners found it effective and simple to use.
Inexpensive Data Collection The practitioners appreciated the low-cost
and easy to use data collection method during evaluation. There are no
complex metrics that are required to use this model. Personnel-hours spent
on artefact can be found in historical data. Alternatively expert opinion can
be used to estimate the hours spent on modification of artefact.
Decision Support Tool The decisions like “what to reuse ?” can be tricky
for the practitioners. This instrument was not designed to do a cost-benefit
analysis of reusing an artefact, but the flexibility and simplicity offered by
the model enables the practitioners to use this instrument for decisions
on potential reuse cases. They can use this instrument to decide on what
reusable artefacts can provide most benefits with regard to cost avoidance.
Similarly, organisations use this data collection form and instrument to
evaluate what artefact type benefited the most in past. From Table 5.5 it is
visible that decisions can be supported in multiple ways.
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Table 5.5: Chapter 4: Results obtained from dynamic validation.

Type
of
reused
artefact

Manhours
spent to
build the
artefact
from
scratch

Reuse
manhours
spent
on
the
artefact

Total
manhours
saved
due
to
reuse

The
effort required to
reuse the
artefact

Project 1

Code

24

8

16

33.33

Project 2

Code

24

0

24

0

Project 3

Code

40

16

24

40

Project 4

Code

60

12

48

20

Project 5

Code

80

16

64

20

Project 6

Code

160

40

120

25

Project 7

Code

250

250

0

100

Project 8

Code

1000

250

750

25

Project 9

Framework

40

2

38

5

Project 10

Framework

400

80

320

20

Project 11

Framework

500

120

380

24

Project 12

Framework

1200

200

1000

16.67

Project 13

Framework

4000

100

3900

2.5

Project 14

Environment 20

1

19

5

Project 15

Environment 30

2

28

6.67

Project 16

Environment 40

1

39

2.5

Project 17

Environment 60

10

50

16.67

Project 18

Environment 60

20

40

33.33

Project 19

Environment 60

12

48

20

Project 20

Environment 160

12

148

7.5

Project 21

Environment 160

16

144

10

Project 22

Environment 300

60

240

20

Project 23

Environment 40

20

20

50

Project 24

Framework

20

100

16.67

120

5

Project

• Identify best practice: The projects with the highest amount of savings can be easily identified, and can be identified to leverage on
their achieved cost avoidance.
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• Identify artefacts with highest reuse potential: Identify artefacts that
are more likely to give a high effort saved on reuse, such as frameworks stand out with regard to reuse savings.
• Get deeper qualitative understanding of reuse: The savings of reuse
between artefacts vary greatly. Investigating the reasons for the variance in depth, and being able to explain the reasons, may provide
valuable scientific results on reuse, and allows to built a knowledge
base within companies as well.
Dependency on Developer’s Productivity Developers’ productivity can
influence the personnel hours spent on various tasks. An experienced and
competent developer can integrate a component in less time compared to
a new and inexperienced developer. The same assumption can be applied
if the artefact is developed in-house; an inexperienced developer might
require more time to develop the artefact, compared to the experienced
developer. But, according to [12], the experience level of a developer does
not affect software reuse costs to a high extent.
Cost Avoidance in Software Product Lines Software product lines consist of set of product sharing similar features developed for the need of
specific market [14]. Software product lines require prior investment in the
form of development of reusable resources [52]. Software reuse cost avoidance implies that no resources are expended before the reuse instance. The
return on investment (ROI) reuse cost models are better suited to calculate
the benefits of reuse in software product lines [52]. However, this instrument can be used to calculate the cost avoidance of a reuse instance in
software product lines.
Organisational Practices: The following are the assumptions regarding
organisational practices that would allow a given organisation to apply
the instrument: The organisation needs to decide on a quantitative way to
measure personnel hours in a consistent way. The measure of personnel
hours is related to the nature of the task, i.e., a difficult or a newer task is
expected to take more personnel hours. Secondly, the organisation needs
to decide the level of detail to measure personnel hours, e.g., is it the actual time spent working on an artefact is important or other activities like
searching, identifying, integrating and testing the artefact? An organisation can easily extend the instrument to use all these different activities
e.g. by using separate variables for identifying, searching, modifications of
artefacts. Thirdly, if multiple personnel are using the same artefact, having
different rates for personnel hours (H), the total cost avoided is simply the
sum of the cost avoided by individual persons.
Comparison with related work: As far as we can tell, only a few previous studies exist, and they are based on lines of code in two out of three
cases [16, 33]. Hence, we claim our proposed instrument to be better in
terms of coverage of various reusable artefacts. A third instrument, [34],
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validity threats

SLR: In our SLR there were studies of which no full text was available.
These studies were sometimes old and, thus, hard to locate. This can affect
the validity of the findings from the SLR and [37] has already reported
this problem in literature and its effects. Our study focused on models
that only deal with cost avoidance through reuse. There are models that
can calculate return on investment, cost-benefit analysis and CA within a
single solution (in-directly), even though they do not mention the term cost
avoidance. However, these models are complex to apply and the metrics
are hard to collect. For these reasons we did not include them in this study.
The bias in the SLR inclusion criteria and exclusion criteria may lead to a
case where a study is excluded even though it should have been part of
final results.
It is also apparent that, even though the corpus of studies was large
in the beginning, only very few studies reported cost avoidance models,
which also points to a research gap and the need to address the restrictions
of existing models, such as their focus on lines of code.
We believe that the SLR provides a good sample of cost avoidance models in software engineering since we did an exhaustive search and, in addition, scanned reference lists on all publications for any additional papers
to include in the study.
Industrial Evaluation: The threats to the external validity were reduced
by involving the industry practitioners. Our proposed instrument was dynamically validated in one organisation only; however, since personnel
hours can be considered to be a basic metric, collected by most organisations, the instrument would be easy to apply in other organisations. The
instrument was, nevertheless, tested on 24 projects at 6 geographically distributed sites. This shows a reasonable level of validation considering two
factors: (i) The details of industrial evaluation for two CA models were not
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related to CA, is quite similar to our proposed instrument. However, in
terms of the number of variables to be considered the instrument proposed in this paper appeared to be easier to apply in terms of the metrics
it requires. Furthermore, guidelines for collection of metrics for measuring
reuse cost avoidance were proposed by our study.
Tool implementing the Instrument: The tool supporting the instrument
helped in the analysis of reuse cases. The practitioners were able to compare the results of different sites and identify the sites that had better or
worse reuse cases. Different reused artefacts were analysed and compared
with each to identify the artefacts that avoided the maximum costs. Furthermore, the tool generated the graphs and chart-based reports for the
stakeholders to reflect on the costs avoided through reuse.

sufficient while the third model did not describe industrial validation. (ii)
Industrial validation is generally a hard and a time-consuming task.
10

conclusions

This study contributes to the knowledge of software reuse cost avoidance.
Varieties of reuse economic models are found in literature, but only a few
studies address cost avoidance aspects of software reuse. In this study we
try to address the difficulties related to the measurement of cost avoidance
by providing an instrument that is simpler to use and, in addition, covers
several types of reuse artefacts other than code reuse.
A systematic literature review was conducted to identify and analyse
cost models that can measure cost avoidance through reuse. Three models
were classified as reuse cost avoidance models. Two of the models were
based on lines of code. The third model was artefact-independent but it was
not evaluated in industry yet. This model required complex metric such
as ‘search hit-rate’, ‘ time to understand the suitability of each potentially
reusable item’ etc. The conclusion of systematic literature review was that
there is lack of literature on measurement of reuse cost avoidance and there
is only one artefact-independent model for measuring cost avoidance. None
of the three models described the guidelines for collecting metrics used in
each model.
An instrument to measure reuse cost avoidance and guidelines on what
to measure for cost avoidance were proposed. This instrument can measure
costs avoided from all kinds of commonly reused artefacts. Two metrics
are required in order to apply this instrument. The first metric is the time
spent on an artefact when it is developed in-house and the other metric is
the time spent on an artefact in order to reuse it. Static and dynamic validation of the instrument was conducted in industry. Six different sites, in
three countries, were contacted to report their reuse cases using the implemented tool. There were in total 24 projects participating. The instrument
performed according to the expectations and users were satisfied with the
results. The instrument, with its accompanying tool and documentation
has been transferred to industry.
The instrument was artefact-independent and uncomplicated essence of it
makes it useful for the software industry. Secondly, instrument can be used
as a decision support tool for deciding on what to reuse or which reuse
artefact can give maximum benefits. The dynamic validation pointed out
that the instrument should preferably also accommodate the costs avoided
in maintenance, when reusing artefacts. However, this requires a longitudinal study to collect further data. The scope of this study was limited to the
direct savings through reused artefacts; but in the future this instrument
could include savings in maintenance when reusing artefacts.
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ABSTRACT
Context: Automated acceptance tests have
become a core practice of agile software
development (e.g. Extreme Programming).
These tests are closely tied to requirements
specifications and provide a mechanism for
continuous validation of software requirements. Software reuse has evolved with the
introduction of each new reusable artefact
(e.g., reuse of code, reuse of frameworks,
tools etc.). In this study, we have investigated the reusability of automated acceptance
tests keeping in view their close association
with requirements.
Objective: This study attempts to address
the following aspects: (i) what important
reuse characteristics should be considered
when measuring reusability of automated
acceptance tests? (ii) how reusability can be
measured in automated acceptance tests?
And (iii) how cost avoided through reuse of
automated acceptance tests can be calculated?
Method: We have used a combination of research methods to answer different aspects
of our study. We started by identifying reusability related characteristics of software
requirements, with help of systematic literature review (SLR). Later, we identified the
reusability related characteristics of defect
reports. After identifying the characteristics
from the previous two studies, we used these
characteristics on two case studies conducted on Behaviour driven development test
cases (i.e., acceptance tests of textual nature). We proposed two approaches that can
identify reuse potential of automated acceptance tests and evaluated these approaches
in the industry. Later, to calculate the cost
avoided through reuse, we proposed and
evaluated a method that is applicable to any
reusable artifact.

Results: The results from the SLR shows
that text-based requirements reuse approaches are commonly used in the industry.
Structuring these requirements and identifying the reusable requirements by matching are the two commonly used methods
for enabling requirements reuse. The results
from industrial experience report indicates that defect reports can be formulated
in template and defect triage meetings can
be used to identify important test cases.
The results from these two studies were
considered when identifying approaches to
measure reuse potential of BDD test cases.
The two proposed approaches; Normalised
Compression Distance (NCD) and Similarity Ratio, for measuring reuse potential were
evaluated in the industry. The evaluation indicated that similarity ratio performed better than the NCD approach, however, the
results from both approaches were comparable with the results gathered with the help
of expert analysis. The cost related aspects
of reusable acceptance tests were addressed
and evaluated using a method that calculates
the cost-avoidance through reuse.
Conclusions: The evidence from this study
shows that the automated acceptance tests
are reusable, similar to text-based software
requirements and their reuse potential can
be calculated. The industrial evaluation of
the three studies shows that the overall results are applicable to the industry. However,
further work is required to evaluate the reuse potential of automated acceptance tests
in different contexts.
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