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ABSTRACT 
 
Context: Regression testing is done to ensure that the modified code of the software is 
working as it is supposed to. The simplest strategy for regression testing is to re-execute all 
the test cases (TC), but due to constraints such as time, cost and resources this strategy is 
inefficient to implement. To reduce the cost of regression testing and to increase its 
efficiency, Test Case Prioritization techniques are developed. Test case prioritization (TCP) 
techniques reduce the cost of regression testing and at the same time keeping up its quality. 
Various procedures for prioritizing test cases were developed to endeavor their viability to 
meet some prioritization goals (PG). However, the effectiveness of a TCP technique varies 
for each software product according to their product attributes, change attributes, their 
interactions, test suite characteristics, and resources for testing. Therefore, one TCP technique 
for every software product is impractical and leads to misusing the resources. Moreover, the 
existing research on how to select a TCP technique for a given software product under test is 
not much focused. Hence, it is necessary to find ways to select a TCP technique to ensure that 
the PGs of a software product under test are met.  
 
Objectives: Firstly, to identify different requirements-based TCP techniques in the existing 
literature and in software organizations, along with their PGs. Secondly, to identify 
similarities and differences between the identified requirements-based TCP techniques. 
Finally, finding a way to select a requirements-based TCP which ensures its PGs for a 
software. 
 
Methods: For this research, a systematic literature review (SLR) was conducted to gain 
insights into research on Requirements-based TCP techniques in the existing literature. Semi-
structured interviews are conducted with the personnel working in software testing domain to 
acquiring insights of requirements-based TCP techniques utilized in the software 
organizations. Depending on the objectives of this research both open-ended and closed-
ended questions are formulated in the interview questions. Data obtained from the SLR and 
interviews were analyzed to answer my RQ’s. 
 
Conclusions: Results from this research state that selecting an already proposed 
requirements-based TCP technique from the literature for regression testing a software 
product is not an optimum solution, instead, selecting requirement properties for a 
requirements-based TCP technique based on product demands and available resources is the 
optimum way to ensure successful regression testing. Therefore, for selecting appropriate 
requirements-based TCP technique, firstly, PGs for a particular requirement/feature being 
tested is formulated based on the testing phase of the project and available resources. In the 
second step, the essential aspects which affect the quality of the requirements/features under 
test are identified, this is done by analyzing the 3 requirement properties which are customers 
perceived priority, developers perceived priority and tester perceived priority of 
requirements. The identified critical aspects are prioritized with respect to their criticality and 
availability of resources. In the final step, with the available priorities of the critical aspects, 
the remaining relevant requirement properties can be selected to cover test cases of all the 
important aspects of the requirements under test in that testing phase in a test suite focusing 
on ensuring its PGs. Thus, the PGs are ensured, and the resources allotted for testing the 
project can be effectively utilized. Therefore, for an appropriate requirements-based TCP 
technique, 3 requirement properties, customers, developers and testers perceived priorities, 
should be selected. Depending on the product demands and available resources if necessary, 
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the 3 requirement properties chooses remaining requirement properties and other TCP 
approaches. 
 
Keywords: test case prioritization, prioritization goals, test cases, empirical studies. 
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1 INTRODUCTION 
 
Software testing is an essential and mandatory phase of software development [1]. 
Regression testing is an important phase of software testing. It ensures that the modified part 
of software works according to its intended functionality and also that the modified part of 
source code doesn’t induce errors in the unmodified code [2]. The simple strategy for 
regression testing is to re-test all the test cases of software, which is a costly and time taking 
process. Software organizations strive to reduce the cost of testing while maintaining the 
quality of the product which resulted in developing test case prioritization (TCP) approaches. 
TCP techniques orders and executes test cases (TC’s) in a test suite to meet their 
prioritization goals (PGs) [2]. Since regression testing as a part of software maintenance is a 
continuous process with the evolution of the software products, here the term ‘testing phase’ 
refers to the first regression testing or second or so on, also what modifications are being 
focused in the particular regression testing. 
 
Testers sometimes have difficulty in identifying the errors in software products, and utilizing 
requirements properties, helps in discovering error-prone test cases of the essential 
requirements than using source code information [3]. Software testing ultimately tests if the 
software system is consistent with the requirements. Therefore, associating test cases with 
requirement properties could improve test efficiency and customer satisfaction [4]. The 
requirements engineering community have well understood the importance of incorporating 
requirement properties during the testing phase [5]. The results of the researches on utilizing 
the requirement properties in regression test case prioritization have sown promising results 
in terms of fault detection rate [6][7][8].  
 
Customer satisfaction is the ultimate measure of the products quality [9].  Therefore, product 
requirements build a software system, and among them, few requirements might be essential 
or error prone than others [4]. According to [10], in a software product, roughly 45% of the 
software functions are not at all utilized, 19% of them rarely, only 36% of the software 
functions are used often. Focusing on essential requirements in the deliverable software 
ensures customer satisfaction [4].  
 
In requirements-based TCP techniques, critical test cases based on the requirement properties 
are identified and executed first in the prioritized test suite [6]. By conducting a systematic 
literature review (SLR) 8 types of requirements properties are identified which are used to 
prioritize test cases (TC’s) in requirements-based TCP techniques. These 8 types of 
requirement properties are customers perceived priority of requirements, developers 
perceived priority of requirements, testers perceived priority of requirements, requirements 
traceability, requirements volatility, mandatory user requirements coverage, size of a 
requirement and fault-proneness of a requirement.  These requirement properties are detailed 
in section 4. There are many TCP techniques which prioritize test cases based on requirement 
properties in the literature [9] [6] [11]. Merging or building relationships among requirement 
properties with other TCP approaches such as the search-based, coverage based, history-
based and multi-perspective-based TCP techniques are done depending on the testing 
scenarios and PGs have shown promising results [7][10].  
 
In the literature, abundant research on requirements-based TCP techniques and also other 
TCP techniques can be found [12]. However, existing literature has very less research 
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focused on providing promising support for selecting TCP techniques or even requirements-
based TCP techniques based on the software under test.  
 
 Only two approaches for selecting TCP techniques have been identified in the systematic 
literature review (SLR) which were suggested by Rothermel [13] and Sujata [14]. 
 •   In an article [13], two cost-based metrics are developed which compare TCP techniques 
for their cost efficiencies. Selected few TCP techniques are applied on a test suite and costs 
of the TCP techniques are measured using those 2 metrics[13]. Thus, a TCP technique which 
is the most cost effective can be selected. These 2 metrics are developed to focus on 
functional-coverage based TCP techniques. 
•    An efficient TCP technique for a given software product under test is chosen by assessing 
and comparing priorities of product’s characteristics given by few selected TCP techniques in 
a repository. Developer’s team assigns weights to the various products characteristics. A TCP 
technique which covers the maximum number of products characteristics with good weights 
is the most efficient among the compared techniques [14].  
 
From analyzing the described methods [13][14] the following drawbacks are identified.  
•    From these 2 approaches, efficient TCP technique is identified by conducting 
comparisons among the few chosen TCP techniques currently available in a repository [13] 
[14]. On the off chance that a most promising TCP technique is not among the compared 
techniques then conducting these procedures is illogical. 
•    In the articles, the information regarding test costs and module severity are considered to 
be constant [15]. Whereas in the real world, these two factors usually vary under different 
circumstances and this reduces the efficiency of the selected TCP technique. 
 
The efficiency of a TCP technique varies with the PGs, testing scenarios and software under 
test. There is no single TCP technique which is appropriate for all the software products in 
their testing scenario [13]. Therefore, knowing several TCP techniques or requirements-based 
TCP techniques isn’t adequate. Understanding which TCP technique is practical or viable for 
given software or testing scenario is very crucial for saving resources and create a 
competitive advantage in meeting their PGs. On the other side, sub-optimal prioritization 
wastes resources and could further effects overall quality [13] [14]. More generally, to utilize 
prioritization viably, testers must have the capability to determine which prioritization 
technique is going to be the best in their specific testing scenarios, given their programs, PGs, 
test cases and modifications made [13]. Therefore, the initial focus of this study is to 
determine the process of selecting an appropriate TCP technique for meeting its PGs for a 
given software under test. 
 
According to [13], constraints which influence the success of a TCP technique are very 
complex and interact in complex ways. We don’t have adequate empirical data to produce a 
general prediction algorithm which can distinguish existing TCP techniques and select an 
appropriate TCP technique. And, it might take years to collect such complex data. Even 
though, if we produced such a prediction algorithm it may not work for the TCP techniques 
which are developed in the future [13]. Therefore, to facilitate comparisons between TCP 
techniques, the focus of this study is confined to a single TCP approach, i.e. on the 
requirements-based TCP approach. A detailed explanation of requirements-based TCP 
techniques identified in the literature, their requirement properties used to prioritize test 
cases, their PGs and metrics are explained in section 4.1. 
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1.1 Research Aim and Objectives 
 
The primary aim of this thesis is to determine the selection process of a requirements-based 
regression TCP technique for a given system under test to meet their PGs in its testing 
scenarios. This thesis guide researchers and practitioners in selecting a capable requirements-
based TCP technique which ensures its PGs for software they wish to test.  
 
Objectives formulated to reach the aim are: 
 

1. Identify different TCP techniques which use requirement properties to prioritize test 
cases available in the existing literature and their PGs. 

2. Identify similarities and differences among the identified requirements-based TCP 
techniques. 

3. Identify different metrics used to measure TCP techniques in meeting their PGs. 
4. Acquire insights of requirements-based TCP techniques, PGs and metrics used in 

software organizations.  
5. Compare data from the literature with practices (Software organizations). 
6. Determine the selection process of a requirements-based TCP technique. 

1.2 Structure of the thesis 
 
This research divides into six chapters, and this section depicts the architecture of this 
research and synopsis of each chapter. 
Chapter 2: Background and related work, this chapter discusses the definition of TCP along 
with the existing research. 
Chapter 3: Research Methodology, this chapter discusses the motivation of choosing the 
research method used in this research, along with steps to conduct the chosen research 
method, i.e., interviews. Also, the implementation and data analysis method of the interviews. 
Chapter 4: Results and analysis, this chapter depicts results obtained through SLR and 
interviews.   
Chapter 5: Discussions, this chapter discusses the summary of results concerning their RQ’s. 
Chapter 6: Conclusion, this chapter discussed the finding of this research along with the 
contribution of this research and future work. 
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Figure 1: depicts how these chapters are interconnected. 
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2 BACKGROUND AND RELATED WORK 
 
This section discusses and introduces the TCP in detail and related work on this domain. 

2.1  Test Case Prioritization: 
 
For any ensuring the success of a project, maintaining its quality or maximizing it, is the most 
critical attribute which should be done within the given budget and time frame[6]. Software 
testing is the most time taking and expensive phase. It is a repetitive and mandatory process, 
even if there are time and resources limitations [1].  
  
System testing is the last phase of delivering the software product to the customer, here 
testing is done to complete, integrated working software to access its consistency with the 
prerequisites or requirements of the customer. Therefore, it is the final chance to check if the 
produced system works as desired by the customer [16]. Testing an entire, integrated system, 
which consists of hardware, operating system, cooperating and coordinating features is time 
taking and costly process. The intensity of this process increases with an increase in the 
number of components or environments [17].  
 
When the software system is modified, the unmodified code should not be affected by the 
modifications made. If affected, then ‘regression error’ is said to have occurred. The process 
of detecting and mitigating regression errors is known as ‘Regression testing.’ The most 
natural regression testing strategy is to rerun all the existing test cases, which is unnecessarily 
expensive, especially when only a small part of the software is modified [18]. The whole 
configuration space of software might be in thousands or even in millions of test cases 
(TC’s). Testing all of these abundant TC’s is impossible regarding testing time and cost of 
testing. For maintaining the quality and reliability of the product, software organizations 
concerned the lack of time and resources which constraint the process of completing system 
testing adequately. Therefore, there is a need for techniques which minimizes the cost of 
testing while maintaining the quality of the product. Test case selection, test case 
minimization, and test case prioritization (TCP) are few such strategies which were 
developed to reduce the cost of testing [19]. 
 
 Test case selection technique reduces the cost of testing by selecting a few proper subsets of 
test cases from the test suite with some criteria depending on information about the program, 
modifications made and test suite [20].  Test suite minimization reduces testing cost by 
diminishing a test suite to a small subset which has same coverage criteria as the original test 
suite [21]. However, these two techniques have some shortcomings, and some empirical 
evidence indicates that test suite minimization has equal fault detection rate as its original test 
suite, but other pieces of evidence show that test suite minimization technique jeopardizes 
fault detection capability when compared to the original test suite [22]. Test case selection 
techniques also have the same drawback, even though there are efficient and safe, test case 
selection techniques which have same fault detection capacity as the original test suite, this 
efficiency doesn’t hold for every software product. As these two cost reduction strategies 
discard their TC’s, some TC’s which might have critical bugs might not be detected by these 
techniques, which in turn compromises the quality of the produced software [19].  
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TCP technique ranks TC’s such that highest priority TC’s, with respect to their PGs, are 
executed first then other TC’s with low priority. As TCP technique doesn’t discard TC’s, it 
avoids shortcomings of test case selection and minimization. Moreover, if the process of 
testing has been aborted early, then testing time would have been spent fruitfully as test cases 
which satisfy their PGs were executed first then lower priority test cases [23]. TCP method 
can be utilized in regression testing as well as in the initial stages of testing [19]. 
 
Definition: Test case prioritization is a technique which orders test cases efficiently to 
augment specific characteristics such as the rate of fault detection or coverage rate or other 
characteristics [19].  
The mathematical definition of TCP as defined by Rothermel et al. [19] is: 
 
Given: T, a test suite; PT, the set of permutations of T and f, a function from PT to the real 
numbers. 
Problem: Find Tˈ ϵ PT such that: (ⱯTˈˈ) (T ˈˈ ϵ PT) (Tˈˈ ≠ Tˈ) [f(Tˈ) ≥ f(Tˈˈ)].  
 
Here PT is set of all possible orders of T, and f is an object function that, applied to any such 
order, yields an award value for that order [19]. With this definition as the foundation, a 
variety of prioritization techniques have been formulated by researchers who consider 
different approaches and algorithms to prioritize test cases.  
 
Rothermel et al. [19] categorized TCP techniques into 2 parts: General and version specific. 
General prioritization techniques are applicable for a series of following versions of software, 
i.e., “Given program P and a test suite T, test cases in T are prioritized such that they can 
apply to a series of modified versions of P” [19]. Intuition is that for each successive release 
of a software, the cost of prioritizing TC’s decreases and increases the capability of the 
prioritized test suites to meet their PGs. Version-specific prioritization techniques are 
applicable only to the specific version of the software, i.e.,” Given program P and test suite 
T, test cases in T are prioritized such that they are effective only to a specific version Pˈ of P” 
[19]. These TCP techniques are applied after modifications are made to a program. The 
efficiency of the version specific TCP techniques when compared to general techniques is 
high only for a specific version of a program, but it is less when all the versions of a program 
come into the count [17]. 
 
Test cases are prioritized to reach some goals known as ‘prioritization goals (PG).’ The PGs 
identified in the literature is as follows [19][24][24]: 
 

 Testers may wish to increase the test suites’ rate of fault detection, thus finding faults 
early in the testing process. 

 Testers may wish to reduce the cost of testing a test suite, thus completing the test 
execution in a given budget. This PG is mostly applicable when budget allotted for 
testing is low. 

 Testers may wish to reduce the execution time of a test suite and be sure to expose 
more number of faults in given testing time. This goal is mostly applicable when the 
time allotted for testing is very less. Test cases and the test execution time of the 
software product under test should be known for this PG. 

 Testers may wish to increase the code coverage of the product. It means testing most 
of the code in a given time frame. Source code information is must for this PG. 

 Testers may wish to maximize the assurance of the reliability of the software product. 
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 Testers may wish to increase the rate of finding high-risk faults early in the test suite. 
Thus, most severe faults are identified first while executing the test suite. 

 Testers may wish to find the faults associated with code modifications, as most of the 
regression errors are found in the modified code. 

 
Among them, an increased rate of fault detection is the mostly used PG, whereas other goals 
are used very rarely [19]. There is no limitation that a particular TCP technique only meets a 
particular PG [19]. With the availability of resources for testing, any TCP approach can be 
utilized to meet a PG. Similarly, depending on the tester’s preference, the test suite can be 
prioritized to meet either one or more PGs.  
 
TCP techniques are not only restricted to regression testing, but they can also be utilized in 
initial testing of software or in regression testing [19]. But this research is focused on 
regression test case prioritization. There are many TCP techniques to meet PGs in the existing 
literature. Among them, most of the TCP technique uses ‘coverage-based prioritization 
approach,’ which prioritizes test cases based on coverage criteria such as function coverage, 
branch coverage, code coverage, and many such coverage criteria's [12]. To obtain coverage 
information, the source code of the system under test is essential for this TCP technique. TCP 
technique which uses coverage criteria prioritizes test cases that cover a significant part of the 
code first. For the testers who could not acquire the source code, TCP approaches such as 
history based, requirements-based TCP techniques are developed. According to [25], history-
based TCP techniques are next mostly discussed techniques, they prioritize test cases based 
on execution history of TC’s, which consists of information such as the number of 
executions, number of times the test case has revealed faults, the execution time of test cases 
and other pieces of information. Therefore, the likely hood of a TC to be prioritized first in 
the test suite is dependent on its execution history [15]. Requirements based TCP is another 
technique where test cases are prioritized based on requirement properties such as customer 
priority of requirements, developer’s priority of requirements, many more which are detailed 
in sections 4.1. There are many other TCP approaches which are used depending on the 
system under test or testing scenarios such as Distribution based, human-based, Probabilistic 
based, Model-based and many more. The TCP techniques of these approaches are not widely 
discussed as much as the coverage based, history-based and Requirements based approaches 
[26]. TCP techniques using search-based approaches are gaining a lot of attention and 
research on this TCP approach has exceeded coverage-based TCP approach [15]. Approaches 
for different TCP techniques are explained, and their usage frequency is depicted below in 
figure 2 [25]. 
 
Coverage based prioritization approach: This TCP approach deals with the source code of 
the software produced. Function, branch, and statement are the essential criteria of this 
approach. These 3 criterions can be categorized into 2 main coverage-based approaches, total 
and additional. 
 
In total coverage technique, test cases (TC) which cover most part of the system according to 
any criterion (function, branch, statement) is assigned first priority. If several test cases have 
the same coverage, then they are prioritized randomly.  
In additional coverage technique, complete and early coverage is attained based on the 
priority given to the TC’s. Here TC which cover most of the system is given first priority, and 
next priority is to the TC which covers most of the uncovered code.  
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History-based prioritization approach: historical data such as previous execution of test 
suite or information about modifications made or any such information are used to prioritize 
test cases in this technique. This approach doesn’t require the source code for prioritizing test 
cases, all it needs is historical information and defects information of the system under test. 
 
Requirement based prioritization approach: Requirement properties such as customer 
specified priorities of requirements or developers anticipated priority or testers priority is 
used to prioritize test cases along with many other requirement properties which are detailed 
in section 4.  
 
Distribution based prioritization approach: TCP in this approach assumes that the 
distributed test cases yield the most promising faults detection. 
 
Search based prioritization approach: there are many algorithms to execute search-based 
TCP techniques such as genetic algorithm [15], ant colony [27] and many more [28] [29]. 
Application of these algorithms differs depending on the test suite’s input criteria, fitness 
function, and other information [30].    
 
Model-based prioritization approach: in this TCP technique execution data of system 
models are used to prioritize test cases, they can produce partial code or design test cases 
[31]. State-based systems are generally modeled by system modeling, for example: embedded 
systems. 
 
Other prioritization techniques: There are many more TCP techniques available in the 
existing literature, few such techniques are: Mutation based prioritization techniques, 
knapsack solvers and Bayesian network- based prioritization [32][33][26].  
 
Metrics evaluate the capability of the TCP technique in meeting their PGs. The average 
percentage of faults detected (APFD) metric adequately evaluates most of the TCP 
techniques. However, researchers have proposed many other metrics for their convenience in 
measuring TCP techniques for factors other than the rate of fault detection, but these metrics 
are very rarely in use [34][35]. List of available metrics are stated below  

 

S.no Metrics Reference  
1 APFD- Average percentage of faults detected [9] 
2 APFDc- Cost Cognizant Average percentage of faults 

detected 
[9] 

3 F-measure  [36] 
4 APSC- Average percentage of statement coverage [9] 
5 NAPFD- Normalized average percentage of faults 

detected 
[37] 

6 NAPFDc- Cost cognizant normalised average 
percentage of faults detected 

[37] 

7 AUC-area under curve metrics  [38] 
8 HMFD- Harmonic mean of the rate of fault detection [39] 
9 TSFD- total severity of faults detected [30] 
10 ASFD- average severity of faults detected [16] 
11 WPFD- Weighted percentage of faults detected [16] 



 

11 

12 TOD- test ordering diversity [40] 
13 HV- hyper volume [41] 
14 APCC- Average Percentage Condition Coverage [35] 
15 APBC- Average Percentage Branch Coverage [35] 

 
16 APLC- Average Percentage Loop Coverage [35] 

 
 

 
Most of these metrics are derived from the APFD metric with few alterations. TC’s are 
usually prioritized to find the most number of faults in the given testing time, and which is a 
measure of APFD metric. Also, most of the articles used the APFD metric to evaluate 
proposed TCP technique [35]. Very few articles used multiple metrics for evaluating their 
techniques.   
 

 
Figure 2: Test case prioritization techniques discussed in the literature [25]. 
 

2.2 Related Work 
 
Various requirements-based TCP techniques are developed and discussed in the existing 
literature. The summaries of research on requirements-based TCP techniques are stated 
below:  
 
H Srikanth, C Hettiarachchi and H Do [6] have evaluated their TCP technique PORT 2.0 on 
an enterprise cloud application. PORT 2.0 utilizes customer priority (CP) and fault proneness 
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(FP) properties.  According to the authors, the CP and FP were the biggest contributing 
factors for test efficiency. In this article CP and FP factors were further investigated and 
prioritization is applied based on the CP and FP factors in enterprise cloud domain. The 
results of the indicated that all approaches outperformed the random prioritization approach.  
 
K. Ramasamy and S. A. S. A. Mary. S.A [3] have proposed a system level TCP technique 
from software requirements specification. This TCP technique is focused to improve 
customer satisfaction with increasing the quality of the software by improving the rate of 
severe faults detection rate at the same time reducing the cost of testing. The proposed TCP 
techniques use 6 requirement properties which are: Customer perceived priority, developers 
perceived priority, requirements volatility, Usability, Application Flow and fault impact to 
prioritize TCs. The proposed TCP technique experimented in 3 stages, student projects and 2 
sets of industrial projects and results show that this TCP technique improves the rate of 
severe fault detection.  
 
Y. I. Salem and R. Hassan [4] have proposed a mechanism that derives prioritized test cases 
from the software requirements modeled with Genetic algorithm. This TCP technique derives 
the prioritized test cases from the prioritized requirements and using requirements behavior 
tree, weights to the requirements are given by customers, developers and managers. The 
proposed TCP technique reduces regression testing time by automating derivation and 
prioritization of test cases.  
 
C. Hettiarachchi, H. Do, and B. Choi [5] Have proposed a TCP technique which uses 
requirements risk information for prioritizing regression test cases. The proposed TCP 
technique is assessed by comparing it with existing techniques. The results of the proposed 
TCP technique have achieved improved faults detection rate and even better in finding faults 
associated with risky components earlier than other existing techniques. 
 
H. Kumar, V. Pal and N. Chauhan [42] A hierarchical TCP is proposed which prioritizes test 
cases in 3 steps: firstly the priority weightage of each requirement is calculated using below 
mentioned 12 factors (8 types of requirement properties+ other factors) and with this, the 
requirements are assigned priority levels. In the second step, the modules corresponding to 
the highest priority requirements are mapped to identify prioritized modules. Finally, the 
execution order of test cases is then determined by assigning test cases of the highest priority 
modules. The 12 factors are Customer assigned, developers assigned, requirements volatility, 
fault proneness, expected faults, implementation complexity, execution frequency, 
traceability, show stopper requirement, penalty, cost and time. The proposed technique is 
compared with random prioritization technique and with PORT technique by applying them 
on an income tax calculator software. The results have shown promising results in terms of 
ordering requirements so that the faults are detected early in the testing phase. 
 
M. J. Arafeen and H. Do [11] have investigated the effectiveness of TCP using a 
requirements-based clustering approach that incorporates traditional code analysis 
information. An empirical study on 2 Java programs with multiple versions and requirements 
documents was performed to evaluate the effectiveness of the TCP technique. The results of 
the empirical study have indicated that using requirements information is beneficial in 
managing TCP in the regression testing process.  
 
H. Srikanth, L. Williams, and J. Osborn [9] have proposed a system level TCP technique 
called Prioritization of Requirements for Test (PORT)  which is based on a value-driven 
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approach. PORT technique utilizes 4 requirement properties which are: requirements 
volatility, customer priority, implementation complexity, and fault-proneness of the 
requirements for analyzing and measuring the criticality of requirements. Based on these four 
factors values, a Prioritization factor value (PFV) is computed. PFV is then used prioritize 
system test cases. The proposed technique is evaluated using 4 student projects and resulted 
have shown a promising rate of severe fault detection.  
 
P.R. Srivastava, K. Kumar and G. Raghurama [10] have proposed a TCP technique which 
uses: priority of requirements given by the customers, developers, and managers, severity and 
probability of risk factors that occur in requirements to prioritize test cases. The proposed 
prioritization technique prioritizes requirements and then selects the corresponding test cases.  
 
X. Wang and H. Zeng [7] have proposed a TCP technique which uses a combination of 
history-based and requirements-based TCP approaches to prioritize regression test cases. 
Customer assigned, and developers assigned priorities of requirement’s historical test 
execution data is utilized to prioritize test cases. The proposed technique is evaluated by 
conducting an empirical study on an industrial system and the results have shown improved 
performance.  
 
The prioritization method is proposed by R. Kavitha and N. Suresh Kumar [17] is based on 
software requirement specification and had four requirement factors: customer assigned 
priority of requirements, developer-perceived code implementation complexity, changes in 
requirements and fault impact. This TCP technique aims to increase the rate of detection of 
severe faults and to increase customer’s satisfaction by providing quality products. Although 
their requirement properties are similar to Srikanth H et al., [9] their practical algorithms are 
different.   
 
X. Zhang, C. Nie, B. Xu and B. Qu [43] considered three criterions of requirement including 
requirement volatility, fault-proneness of the requirement and customer-assigned priority and 
proposed a test case prioritization based on varying requirements priorities and test case 
costs. A metric was proposed to evaluate the rate of “units-of-testing requirement- priority-
satisfied-per-unit-test-case-cost”.  
 
T. Muthusamy [24] has focused to improve fault detection rate and also detecting severe 
faults in the regression testing process and proposed a prioritization technique. The proposed 
TCP technique utilizes the following 6 requirement properties to prioritize test cases, 
customer allotted priority, developer observed code execution complexity, changes in 
requirements, fault impact, completeness, and traceability. The proposed TCP technique is 
validated using the APFD metric and is experimented using 2 projects. 
 
C. Hettiarachchi, H. Do, and B. Choi [29] have proposed a risk-based TCP technique that 
estimates requirements risks systematically with a fuzzy expert system for regression tests. 
The proposed TCP technique uses requirements modification status, complexity, security, 
and size of the software requirements as risk indicators and employed a fuzzy expert system 
to estimate the requirements risks. It was evaluated using 2 java applications with multiple 
versions and the results indicate that the proposed TCP technique can detect faults earlier and 
even better at detecting faults in risky requirements.  
 
S. Raju and G. V Uma [30] have utilized a genetic algorithm to develop a requirements-based 
system level TCP technique to reveal severe faults at early stages of regression testing. The 
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proposed TCP technique uses 6 requirement properties to prioritize test cases: customer 
priority, changes in requirement, implementation complexity, completeness, traceability and 
fault impact. Evaluation of the proposed TCP technique using APFD and PTR metrics have 
shown promising results. 
 
A. Marchetto, M. M. Islam, W. Asghar, A. Susi, and G. Scanniello [40] have focused to 
identify the sequence of critical faults early and proposed a multi-objective TCP technique 
which uses code and requirements coverage along with execution cost of each test case. It 
also utilizes traceability of requirements using latex semantic indexing technique. The 
proposed TCP technique was evaluated using 2 java applications and compared with random 
ordering TCP technique and 2 single objective TCP techniques. The results indicate that the 
proposed TCP technique outperforms baseline techniques and additional improvements are 
possible. 
 
C. L. B. Maia, F. G. De Freitas, and J. T. De Souza [41] have proposed a multi-objective TCP 
technique which uses a search-based approach along with requirement properties. 
Requirement properties utilized are 1) requirements volatility 2) requirements complexity 3) 
customers perceived priority. The source code of the system under test is not required to 
prioritize test cases with this TCP technique.  
 
R. Krishnamoorthi and S. A. Sahaaya Arul Mary. [44] combined six factors of the 
requirement to prioritize the system test cases including customer priority, changes in 
requirement, implementation complexity, completeness, traceability, and fault impact to 
present a test case prioritization technique called Prioritization of Requirement for Test 
(PORT). Author has validated PORT technique by experimenting it in three phases with 
student projects and two sets of industrial projects. The results showed an improved rate of 
severe faults detection. 
 
P. Berander and A. Andrews [45] has proposed a requirements-based TCP technique which 
considers project scope to find an optimal subset of requirements. The project scope includes 
constraints such as schedule, budget, resources, time to market and quality.  
 
A. Herrmann and M. Daneva [46] based on benefit and cost prediction, proposed a 
conceptual model of requirements prioritization.  
 

 [47] have proposed value-
based requirement prioritization (VBRP) technique which prioritizes both requirements and 
test cases. He stated that for identifying the most valuable requirements, having a decision-
making framework for the VBRP technique is important. Decision-making framework also 
helps to compare new requirements with the existing ones to better judge the overall 
software, it is also time and resource efficient.  
 
M. Salehie, S. Li, L. Tahvildari, R. Dara, S. Li, and M. Moore [48] have proposed a goal-
question-metric method to prioritize requirements-based regression test cases.  
 
K. Varsha [49] have proposed a hybrid regression TCP technique which utilizes branch 
coverage, source code coverage, and mandatory user requirements coverage information to 
prioritize regression test cases. The proposed technique is evaluated by a case study and an 
experiment on a java application and the results have shown that the TCP technique yields 
good APFD value. 
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S. Mahajan, S. D. Joshi, and V. Khanaa [50] have developed a genetic algorithm based TCP 
technique which uses 7 requirement properties to prioritize regression test cases. The 7 
requirement properties are customer assigned priority of requirements, developer-perceived 
code implementation complexity, changes in requirements, fault impact of requirements, 
completeness, traceability and Execution time. Requirement property value is calculated, and 
weightage is assigned to each test case. Based on the weightage of each test case, the genetic 
algorithm is applied to prioritize test cases in a test suite.   
 
E. Ashraf, A. Rauf, and K. Mahmood [51] have proposed value-based particle swarm 
intelligence algorithm for regression test case prioritization. This algorithm uses 6 types of 
requirement properties for prioritization: customer priority, Requirement volatility, 
implementation complexity, requirement traceability, execution time and fault impact of 
requirement. The proposed technique was applied on 3 projects, compared with random 
ordering TCP technique measuring with APFD metric. The results have shown that the 
proposed TCP technique is efficient and robust for early fault detection.  
 
T. Megala [52] have focused on improving rate of detecting severe faults in regression testing 
and customer satisfaction have proposed a genetic algorithm based TCP technique which uses 
historical information and requirements properties to prioritize regression test cases. Weight 
factor of each requirement is calculated to improve customer satisfaction. The proposed 
technique utilizes following requirement properties to prioritize test cases: customers and 
developers assigned priority, requirements coverage, and faults identified with severity. The 
proposed technique is validated on an industrial project and is compared with random, no-
order and reverse order TCP. The results have shown that the proposed technique reveals 
severe faults early. 
 
P. Kaur [53] has proposed a TCP technique based on requirements for prioritizing test cases 
of web applications. The proposed technique is evaluated on an online food ordering 
application and is measure with APFD metric. The results showed an increased fault 
detection rate than non-prioritized test suit. 
 
X. Wang [54] have proposed a multi-objective TCP; which considers 5 types of requirement 
properties: (1) coverage (2) fault exposing potential (3) requirements priority (4) historical 
information and (5) execution time of the test case. The weighted sum of regression test cases 
is calculated focusing on 5 requirement properties and sorts test cases accordingly. The 
proposed method experimented on small instances and the results show that it has better 
APBC than no prioritization. 
 
V. Kumar, Sujata, and M. Kumar [55] have focused to improve customer satisfaction and rate 
of detecting severe faults and have proposed a TCP technique based on requirement 
prioritization. The proposed technique is evaluated using WPFD metric and has shown 
promising results. 
 
M. Yoon, E. Lee, M. Song, and B. Choi [56] have proposed a TCP technique based on the 
risk exposer value of the requirements. The evaluation the proposed technique have shown 
that it is cost and time efficient and increased severe faults detection rate. 
 
A.. Joseph, G. Radhamani, and K. Vish [57] have proposed a TCP technique which uses a 
Modified particle swarm optimization algorithm. This algorithm considers 7 types of 
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requirement properties: (1) customer allocated priority of requirements, (2) working 
complexity, (3) transformations in requirements, (4) fault impact of requirements, (5) 
comprehensiveness (6) traceability and (7) execution time. It is evaluated using the APFD 
metric and has shown promising results. 
 
P. Klindee and N. Prompoon [58] Have proposed a TCP technique which prioritizes test 
cases of the modified requirements. It uses the Analytic hierarchy process to rank the test 
cases.  
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3 METHOD 
 

This chapter deals with describing the structure of the research which aims at finding an 
appropriate requirements-based TCP technique for a system under test. Structure of the 
research is a well-ordered process with the aim of mapping RQ’s with their objectives and 
research methods (RM’s) in section 3.1. This structure comprises of research method in 
section 3.2 which describes the kind of study opted for conducting the research. In section 
3.3, the data collection method from the literature which describes the study opted to collect 
data from the existing research. The data collection and analysis methods of data obtained 
from practitioners for answering RQ’s is stated in section 3.4. Finally, triangulation methods 
used to confirm the data analysis process in section 3.5. The structure of the thesis is 
illustrated in figure 3.  
 

 
Figure 3: Structure of the research. 
 

3.1 Research Questions (RQ’s) 
 

These RQ’s are framed based on the aims and objectives mentioned above.  
 

RQ 1: What are the TCP techniques which uses requirement properties to prioritize test cases 
identified a) in the existing literature and b) in the software organizations? 
RQ 1.1: What requirement properties are utilized by the identified TCP techniques? 
RQ 1.2: What are the PGs of the identified requirements-based TCP techniques? 
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RQ 1.3: What metrics are used to evaluate the performance of the identified TCP techniques? 
RQ 1.4: What are the similarities and differences of the identified TCP techniques? 
 
Motivation: The goal of the RQ 1 and its sub-questions is to identify insights of all the 
requirements-based TCP techniques and in the existing literature as well as in the software 
organizations. And, gathering every data related to prioritizing TC’s. The acquired data gives 
insights into the study and serve as evidence to back the results of RQ 2. RQ 1 has 4 sub-
questions, the RQ 1 and 1.1 are framed to acquire requirements-based TCP techniques and 
the requirement properties used by in existing literature and in software organizations. RQ 
1.2 focuses on PGs of the identified TCP techniques. RQ 1.3 is focused on identifying how 
the performance of TCP techniques are measured in both literatures and in organizations. RQ 
1.4 is focused on identifying similarities and differences among the identified TCP 
techniques by comparing results from literature and practitioners. The data acquired from RQ 
1.4 might result in crucial information and evidence for determining the selection of 
requirements-based TCP technique. For answering RQ 1, RQ 1.1, RQ 1.2, RQ 1.3 and RQ 
1.4, systematic literature review (SLR) is conducted to obtain data from the literature and to 
obtain data from the software organizations, interviews are conducted. The RQ 1 and its sub-
questions map to the first 5 objectives (objective 1, 2, 3, 4 and 5) of this research. 
 
RQ 2: How to select an appropriate requirements-based TCP technique which ensures the 
PGs under given testing scenarios?    
Motivation: Comparing few requirements-based TCP techniques by applying them on a 
single software product (or on software product which is similar to the one under test) and 
then selecting the most appropriate one for testing the new software under test is not feasible 
as the efficiency of a TCP technique varies based on many attributes and the selected TCP 
techniques based on the mentioned basis might not show the same results when utilized for 
our software product under test and leads to wasting the resources. RQ 2 guides researchers 
and practitioners in selecting an appropriate requirements-based TCP technique for a given 
software under test avoiding wastage of resources, which is the 6th objective of this research. 
This RQ is answered by conducting interviews with the people working in the TCP domain. 
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Figure 4: Mapping Research Objectives to Research Questions and Research Methods. 
 
Figure 4 depicts the mapping of research objectives with their respective RQ’s and to the 
research methods used to answer those RQ’s. 
 

3.2 Method selection 
 
Judgement studies are the most suitable research method for this study. An inspiration for 
choosing judgment studies over other research methods is as follows. 
 
Judgmental studies: The opinions and experiences of the practitioners on formulating the 
PGs, the process of prioritizing test case (TC’s) and their metrics should be collected for 
answering RQ 1 and 2. And, the judgmental studies helps in obtaining an immense 
understanding of the study by collecting and analyzing qualitative data. In judgmental study, 
empirical data is gathered from the group of people who are asked to judge or respond to a 
request by the researcher or elucidate on the topic of interest. In Judgmental studies 
systematic sampling is preferred over representative sampling, hence data is collected from 
the population having knowledge on TCP and appropriately informed about the questions to 
avoid deviating from the topic of interest. In judgmental studies, generalizability of responses 
is facilitated over generalizability of participants. The goal of judgmental studies is to acquire 
opinions, expertise, and responses of the population on the research study, avoiding 
redundant data [59]. Since TCP is a large domain with a lot of ongoing research [25], steering 
the direction and progress of the study is crucial to avoid gathering redundant data. Gathering 
data, understanding and analyzing them can provide overwhelming answers to these RQ’s 
regarding practices in organizations. Hence this research method is suitable for this study.       
 
The motivation for not choosing other research methods are as follows: 
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Survey: “Survey is referred to as research-in-the-large” [60]. In the survey, a large amount of 
data can be obtained by sending a questionnaire or by conducting interviews with the 
population working in the domain of the research. Hence this method is referred to as 
“research in large.” In some aspects, the survey is very much similar to judgmental studies 
and is also apt for descriptive studies. But to acquire effective and generalizable results in a 
survey, data should be collected from a large sample of the population. Identifying a large 
group of the population having experience and knowledge on TCP, collecting and analyzing 
the obtained data is a very hectic process. Equally efficient data can be collected by 
conducting judgmental studies with less effort. Hence judgmental studies are chosen over the 
survey. 
 
Experiment: Experiment with this study is unsuitable as they focus on manipulating a key 
variable keeping the other variables constant and then measuring the modified variable. 
Results of manipulation are statistically analyzed, and conclusions of the experiment are 
given. It is purely a quantitative process [60]. This research cannot be implemented in a 
laboratory setting and does not focus on modifying an existing TCP technique or evaluating 
the TCP techniques by applying them on different software test suites. But, to find a way for 
selecting an appropriate TCP technique for a given software under test in meeting the PGs. 
Moreover, control of the variables is also not possible in this research, so this method is 
omitted. 
 
Case study: this research method is an observational study. A case study deals with 
examining real-world projects. It focuses on monitoring project activities and its attributes to 
establish relationships between them and is limited to any one organization or job role [60]. 
This research is not limited to a specific organization or role or their data, rather, this thesis 
guides various researchers and software organizations to select an appropriate TCP technique 
for a given project under test in meeting the PGs. Performing case study limits this research 
to a single organization. Hence, the case study does not opt for this research. 
 
Post-mortem analysis: Conducting a post-mortem analysis is not apt for this research as it 
deals with inspecting real-world projects by referring to their project documents or 
interviewing people working on a project. This research method is a combination of case 
study and survey [60]. As this study is not any organizational project or research conducted in 
software organizations, documents discussing the selection of a TCP technique for a given 
software under test cannot be obtained from the software organizations. Hence, this research 
method does not opt for this study.   
 

3.3 Systematic Literature Review (SLR):  
 

According to Kitchenham [61] “A systematic literature review is a means of identifying, 
evaluating and interpreting all available research relevant to a particular research question, 
or topic area, or phenomenon of interest”. The SLR synthesizes the existing literature with a 
step by step process focusing on RQ’s and RM. The thoroughness of the literature review 
determines the scientific value of research [61]. The review protocol for this research starts 
by defining a search string which can detect as much of relevant literature as possible and 
documents the search string. Inclusion and exclusion criteria are formulated to assess the 
relevance of the literature to this research and relevant data is extracted to answer RQ’s. Steps 
in [61] are followed to conduct an SLR for acquiring all the relevant articles for the study.  
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Analysis of the data obtained through SLR answers the first part of RQ’s (1, 1.1, 1.2, 1.3 and 
1.4). The first part of RQ’s deals with acquiring all the relevant data about the proposed 
requirements-based TCP techniques, their PGs, and metrics from the literature. The main 
reasons for doing SLR is as follows [61]: 

 To gain knowledge of all the existing requirements-based TCP techniques. Their PGs 
and the metrics used to evaluate them. 

 To provide background and evidence to the research study. 
 To investigate if there is research similar to this thesis.  
 To identify trends and patterns in the existing research. 

 
Structuring the literature review: SLR results were structured in the form of architecture to 
organize critical aspects of requirements-based TCP techniques with respect to the RQ’s in 
the form of concepts [62]. Structuring the SLR results data into architecture was done while 
reviewing the articles from snowball sampling process. Analyzing this architecture gives 
insights on requirements-based TCP techniques which answers our RQ’s. The architecture of 
this research has 3 steps. The first step is to identify requirements-based TCP techniques in 
the articles. The second step is to identify different types of requirement properties used to 
prioritize test cases in a requirements-based TCP technique. In the third step, identify which 
requirement properties are mostly used by the TCP techniques among the identified articles. 
Analyzing the mentioned information helps to gain insights on requirements-based TCP 
techniques and answers first part (part-a) of RQ 1. The obtained insights can be used to 
formulate interview questions which can answer the second part (part-b) of RQ 1. Analysis of 
the data acquired from RQ 1 answers RQ 2. 
 

3.3.1 Defining the start set for snowball sampling procedure:  
 

For conducting an SLR, snowball sampling is chosen over other searching techniques as 
articles which might be useful for our study surely cite or refer a relevant article at least once 
[63]. The snowballing sampling method uses references of an article and its citations to find 
additional articles, therefore, no relevant article in the literature is left undetected [63]. The 
process of conducting the snowball sampling is detailed below. 
 
Initial search: To perform snowball sampling, the first challenge is to identify a start set of 
relevant articles, which are identified in this initial search. Google scholar is selected for 
selecting start set articles and to conduct a snowball sampling process. Google scholar 
aggregates papers from different sources thus cover many other databases [63]. Google 
Scholar is intelligible and more forward. Hence it opts as a suitable database.  
 
Initially, this research focus was on all TCP techniques. While performing SLR on TCP 
techniques it was identified that the scope of this research is very broad, which restricts 
comparing TCP techniques and selecting an appropriate TCP technique for a system under 
test. Each TCP approach has its own advantages and disadvantages, choosing a single TCP 
technique which is appropriate to a system under test among all the TCP techniques in all the 
TCP approaches is chaotic [13]. Therefore, to facilitate comparisons, a single TCP approach, 
requirements-based TCP approach is focused on this research. Hence start set for the 
snowballing procedure is all TCP techniques and in further steps, the research focus was 
narrowed to requirements-based TCP techniques. The process of selecting the start set is as 
follows: 
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Automated search string was utilized by searching ‘test case prioritization’ in Google 
Scholar. From the acquired list of articles and journal papers, their title and abstracts were 
screened to judge its relevance to our study. If referring to the title and abstract failed to 
decide the relevance of the article then the full text is examined [61]. If the reviewed articles 
satisfy all the inclusion criteria stated below, then the article is selected for our study.  
 
In the initial search, search string ‘test case prioritization’ was searched in google scholar. 
First few articles were reviewed and the citations of the article ‘test case prioritization: a 
family of empirical studies [64]’ were glanced. An article which is ‘Systematic literature 
review on regression test prioritization techniques [12]’ was found. This article is a 
systematic literature review until 2011. References of this article can provide articles on TCP 
techniques till 2011 which saves a lot of time, as the process of snowballing to acquire 
articles can be avoided. Citation of the article ‘Systematic literature review on regression test 
prioritization techniques’ were searched for more recent SLR on TCP techniques which 
resulted in an article ‘Test case prioritization approaches in regression testing: A systematic 
literature review 2017 [25]’. The SLR 2017 article discusses the extent of research done on 
TCP domain but doesn’t specify the TCP techniques in detail, but the references of this 
article can provide articles discussing all the TCP techniques proposed till 2017, along with 
most recently published, modified and evaluated TCP techniques of the already proposed 
models. Considering the references of the most recent SLR on TCP domain gives the 
required articles on TCP techniques and saves time to acquire the most recent articles for 
gathering data to answer RQ 1. But, to avoid missing data all the articles on TCP techniques 
which are published after SLR [25], until this thesis (i.e. 2018) are required. Finding the 
articles published after publishing the SLR [25] makes sure that no new studies were left 
unreviewed. Although we need new articles on TCP techniques, there is also a significant 
need to investigate if there are articles similar to this research i.e. which focuses on selecting 
appropriate TCP technique. And, the SLR 2017 references or the SLR’s content doesn’t focus 
research on the selection of appropriate TCP techniques which helps to understand if there is 
really need for this research or provide strong motivation for this study. It also helps to 
acquire/understand critical aspects important for this research. Since we have all the TCP 
articles till 2017, by conducting forward snowballing to citations of the references are 
searched which is done on google scholar database resulted in new articles published after 
this SLR was published and also articles which focus on the selection of TCP technique 
published between 2000 to 2018. Therefore, even though we have recent SLR there is a need 
to perform another SLR from the starting stages of searching the articles and reviewing them. 
Moreover, forward snowballing the references of SLR 2017 has eased the process of 
searching the new articles published after 2017 by eliminating the need to conduct backward 
snowballing procedures on TCP domain as TCP is a broad domain with thousands of articles.   
 
The article ‘Test case prioritization approaches in regression testing: A systematic literature 
review [25]’ contains details of the extent of research done and references of the TCP 
techniques proposed till 2017. But an SLR doesn’t specify insights of TCP techniques, it 
simply specifies how much research has been done on this domain. So, there might be 
chances that this article might not be cited by some articles on TCP techniques or articles 
which focuses on the selection of TCP. Hence the 70 references of the SLR were forward 
snowballed. Therefore, searching citations of those references extracts remaining and 
required articles on TCP techniques. Therefore, the start set for the snowballing procedure is 
70 articles.  
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3.3.2 Inclusion Criteria AND Exclusion criteria 
 
Inclusion criteria in the snowball sampling process are attached in Appendix B. 
Inclusion Criteria: 

 Include research papers with the title, keywords or abstract discussing TCP techniques 
which uses requirement properties to prioritize test cases, their PGs, and metrics.  

 Include research papers from 2000 to 2018. As many adaptations would be made to 
existing research since the past 18 years, data from much older research is 
unnecessary as it is modified to suit the present, trending environment.  

 Include articles which are available only in the English language, as the author cannot 
follow other languages. 

 Include articles with full text only, as data can be retrieved only by reviewing the 
whole content of the article. 

 
Exclusion Criteria: 

 Articles which do not discuss either requirements-based TCP techniques or PGs or metrics are 
excluded. 

 Articles which are not in English are excluded. 
 Articles which are not in full text are excluded. 
 Articles older than the year 2000 are excluded. 

 

3.3.3 Snowball sampling:  
 

Snowball sampling is an approach for searching articles in SLR. In snowball sampling 
forward and backward snowballing are the techniques performed to acquire articles which are 
relevant to a study. By applying these two-snowball sampling techniques, no new study 
regarding research is left unreviewed. In backward snowballing technique references of 
articles acquired in initial search are reviewed, if they satisfy inclusion or exclusion criteria’s, 
then they are included for the study. In forward snowballing technique citations of articles 
from the initial search were reviewed for inclusion criteria until the present time. This process 
is repeated to the newly identified articles until when no new articles were found [63].  
 
Forward snowballing was conducted to the 70 articles in the start set on google scholar. As 
google scholar aggregates articles from multiple databases the probability of missing relevant 
articles is minimum, moreover, ease of searching citations also motivated the researcher to 
apt google scholar as a right database for conducting snowball sampling procedure. This 
resulted in 12,145 articles which include duplicates, irrelevant and other language articles. 
After removing the duplicates, the inclusion criteria were applied. The article's title is 
screened for judging their inclusion criteria. If the title couldn’t judge the inclusion of the 
article, then abstract and full text is screened. This reduced the number of articles to 740. 
These articles include different approaches and aspects of TCP techniques. Conducting 
comparisons and deriving a process to select one TCP technique among all the identified TCP 
techniques is complicated. Hence in step 1, the scope of the study was narrowed to 
Requirement based TCP techniques in the inclusion criteria. The inclusion criteria were 
compromised and articles which seemed to be critical on TCP domain, discussing the 
selection of a TCP technique and the articles with an unusually high number of citations were 
not omitted in this step 1. This resulted in 91 articles discussing all the requirements-based 
TCP techniques in the literature, along with the articles which seemed to be critical on TCP 
domain, articles discussing the selection of a TCP technique and the articles with an 
unusually high number of citations. Reason for not eliminating those articles in step 1 is that 
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in next forward snowballing iteration they might come up with new articles which focus on 
the selection of a TCP technique and also new articles discussing requirements-based TCP 
techniques which. The process of forward snowball sampling was conducted to the 91 articles 
from the 1st iteration and after screening titles and abstracts it was found that all the acquired 
articles are either repeated or duplicates or irrelevant, therefore, no new studies were 
identified in the 2nd iteration.    
 
 Moreover, the articles which are not eliminated in step 1 of 1st iteration were reviewed, and 
critical aspects were retrieved and then excluded in step 2. Only the most recent evaluation of 
already proposed TCP techniques are included along with the articles discussing most recent 
modifications to already proposed techniques. Articles which doesn’t specify PGs or metrics 
were also omitted in this step 2. So, screening of the articles came to an end with 27 articles 
discussing requirements-based TCP techniques. This is where the snowball sampling process 
came to an end.  A tabular form of snowball sampling process which shows the number of 
start-set articles initially selected for performing forward snowball sampling, the number of 
articles obtained after applying inclusion criteria, the number of articles selected for each 
iteration and results of those iterations are depicted in table 1. 
 
Table 1: summary of snowball sampling. 
Search action Articles for iteration New selection 

Iteration 1 70  Start set: References of ‘Test 
case prioritization approaches 
in regression testing: A 
systematic literature review’. 

740  articles on overall TCP 
domain. 

Step 1 740  In this step, the focus was on 
requirements-based TCP 
approach. Also, articles 
which are critical to this 
research were not omitted.  

91  The final result of 1st 
iteration: articles on 
requirements-based TCP + 
articles which seemed to be 
critical on TCP domain + 
discussing the selection of a 
TCP technique + the articles 
with an unusually high 
number of citations. 

Iteration 2 91  In this iteration, focus is to 
acquire new articles on 
requirements-based TCP 
techniques and also other 
relevant articles. 

91  No new articles were 
obtained.  

Step 2 91  In this step, the focus was on 
retrieving useful data from 
relevant articles and 
excluding them along with 
other articles which are not 
requirements-based TCP 
techniques or doesn’t specify 
PGs or metrics.  

27 The final result of 2nd 
iteration: In this step, only the 
articles discussing the most 
recent evaluation of 
requirements-based TCP 
techniques, most recent 
modified techniques among 
former techniques and 
remaining requirements-
based TCP techniques are 
included for performing SLR 
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and all the remaining articles 
are omitted. 

 
  
Making notes: it is highly impossible for any person to remember abundant data found in 
those articles, so it is better to make notes of the data. Making notes is done by highlighting 
relevant data or annotating them. Sources of ideas are noted and highlighted so that they can 
be cited in the draft.  
 
TCP techniques proposed in the articles, requirement properties utilized by the proposed TCP 
techniques, PGs of each identified TCP techniques and metrics of the identified techniques in 
the articles are noted down by highlighting and annotating thoughts obtained and 
documenting them separately for efficient retrieving while writing the literature review [61].  
 
 
Writing the literature review: The data obtained through SLR is structured into architecture 
to answer the first part of RQ 1 which is detailed in section 4.1. Section 4.1 is detailed such 
that RQ 1 and its sub-questions are answered in sequence.    
 
Building the bibliography: Data acquired from different sources or articles are cited in this 
thesis document to provide background and evidence.  
 

3.3.4 SLR validity threats 
 
This section presents the most possible validity threats during SLR and their mitigation 
strategies. As the quality of a research depends on the articles chosen to acquire insights on 
the domain of the study, provide background and evidence [63], the threats on snowball 
sampling process which focuses on acquiring articles for performing SLR are also 
significantly focused along with the threats to reliability of reviewing and extracting the data 
from the acquired articles.  
 

3.3.4.1     Internal validity 
 
It was identified that selection bias is one of the influential threats to the internal validity, to 
mitigate this threat for the initial start set, care was taken that articles which discuss same 
TCP technique with different titles are not selected. Moreover, articles from the most recent 
SLR was selected as initial start set and with the inclusion and exclusion criteria’s, it was 
ensured that the focus of this research does not deviate in the initial start set and also in any 
stages of the snowballing procedure. Guidance from my thesis supervisor helped me to 
mitigate this threat. Another threat is that the articles obtained in the snowballing procedure 
were mostly related to the formulated TCP techniques or their evaluations, but not on the 
selecting appropriate TCP technique which is the aim of this thesis. To mitigate the threat of 
missing some relevant literature on selecting TCP techniques, articles which seems to be 
important are not omitted in a 1st iteration of the snowballing process and are also snowballed 
in the 2nd iteration to acquire relevant articles. Moreover, even with the utmost attention, a 
threat of missing relevant articles is persisted. 
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3.3.4.2 External validity 
 
External validity is a threat to the generalizability of this research. TCP is a vast domain, to 
acquire all the important literature relevant to this research a broad search string was used, 
and initial start set was selected from the references of a systematic literature review article 
published in 2017. Since SLR discusses the extent of research on TCP domain but does not 
specify research on TCP techniques or selection of TCP techniques, the references of the 
SLR 2017 article were considered as initial start set. At least one of the articles in the 
references will be cited by any related article to this study and this assures that no relevant 
study is left unreviewed. This article has all TCP techniques with a high number of citations, 
most recently proposed, modified and evaluated TCP techniques in its references, which was 
the start set for performing snowball sampling procedure. Even though a large start set 
resulted in abundant articles, this ensured that relevant articles to answer our RQ’s were not 
missed. 
 

3.3.4.3 Construct validity 
 
Extracting inappropriate information from the articles can be a threat to construct validity, to 
mitigate this threat an architecture was formulated before collecting data from the acquired 
articles. This architecture was focused to collect relevant data to answer our RQ's. Strictly 
following this architecture ensured to extract only the exact information which is needed for 
answering my RQ’s. 
 

3.3.4.4 Reliability 
 
To improve the reliability of this study the procedures proposed by B. Kitchenham [61] for 
performing SLR are strictly followed. Moreover, every decision made, and every step 
followed in this study is motivated and described in detail. 
 

3.4 Data Collection method 
 

Interviews are conducted as a data collection method in the judgmental study. Interviews give 
qualitative and quantitative data by recording the insights of practitioners. Interviews are 
selected as these research objectives and research questions (RQ’s) demands understanding 
the experiences, believes and processes of the respondents or an organization on test case 
prioritization (TCP). To avoid biased opinions, data for answering RQ’s should be collected 
from the people working in different organizations in varying locations throughout the globe. 
It is highly impossible to gather all the participants in one place. Since the focus group is not 
physically co-located, conducting interviews gathers their opinions explicitly. Qualitative 
research interests in studying an object in its characteristics setting, i.e., this study is 
illustrated depending upon explanations that are gathered by people.  

3.4.1 Interviews 
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Interviews acquire Knowledge and experience of the interviewee by asking them a list of 
open-ended questions which are formulated to answer our RQ’s. Interviews are conducted by 
having a verbal conversation with the interviewee via personal meeting or through a phone 
call or skype [65]. Open-ended questions in the interview help us to gain vast knowledge 
about the topic under study along with gaining unexpected information which might prove 
very helpful for our research.  
 
There are 3 major types of interviews, among them, Semi-structured interviews are the most 
commonly used data collection method, as it comprises of open-ended and specific questions. 
It helps to acquire both expected and unexpected information providing a superior 
understanding of the research study. Here the order of inquiring questions varies with the 
response given by the interviewee [66]. 
 
 In a structured interview, closed-ended interviews are conducted where data obtained is 
quantitative data, same as questionnaire survey. In an unstructured interview topic of the 
research is stated and respondents elucidate on the topic, data collected is qualitative data, but 
it might result in deviating from the research topic and collecting redundant data [66]. Hence 
semi-structured interviews are selected as data collection method for answering the RQ’s 
over structured and unstructured interviews. 
 

3.4.2 Selection of interview participants 
 

Selection of interview participants is the first step for conducting interviews. Interview 
participants are the people having experience and knowledge of TCP techniques. Participants 
who can give the best data on the process of selecting requirements-based TCP are chosen for 
data collection process [63].  
 
Among the various probabilistic and non-probabilistic sampling techniques, a judgmental 
sampling technique is chosen for this study. For good research, appropriate sample selection 
is very crucial [67].  In judgment sampling, researchers will have the freedom to select the 
most productive sample of the population. Variables like knowledge and experience of the 
participants which impacts the reliability of the collected data for this research is the main 
criteria for selecting the interviewees [67]. Other variables like age, sex is not considered. 
 
Five of the ten interviewees are the people I know, having working experience on TCP in 
different software organizations. Further, their references are used to snowball 5 more 
interviewees among their colleagues and people they know with good experience on TCP. 
Invitations are sent to identified interviewees which includes authors description, a brief 
introduction of the research, the importance of this research, the approximate time taken to 
conduct an interview, a request to participate in the interview and an appointment [65]. 
People who are interested in participating reply with an appointment stating date and time for 
the interview. After finishing the interview with the identified interviewees, snowballing is 
done by requesting them to refer a few other interviewees who have experience in this 
domain under study. This process of snowballing helped in finding a few more interviewees 
for the data collection process. According to Rowley, conducting 10 interviews for around 
forty minutes is the best criteria for new researchers [65]. For collecting reliable data 10 
interviews are conducted with the personnel with different roles and different working 
experience in TCP domain, this helped in obtaining vast and diverse data. 
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3.4.3 Interview Design 
 
Interviews were conducted via phone calls or through Skype. Questions prepared were semi-
structured with both open-ended and closed-ended questions. These questions are formulated 
to acquire data for answering RQ’s. Design of the interview is divided into 3 phases [68]: 

 
First Phase: details of interviewee such as working experience, the area of expertise, 
background, current working area are discussed, this builds trust between interviewer and 
interviewee and helps as a kick start to the interview. 

 
Second Phase: In this phase of the interview questions, the briefing of the research topic is 
done. The final goal of the interview is also briefed. Interviewees lack full involvement if 
they don’t know the topic of the research or don’t think that the research is worthy enough of 
their time. Hence stating research objectives and the goal has a great significance. Revealing 
the interview’s goal avoids discussions to deviate from the topic. However, the extent of 
briefing the research was limited, as interviewees might limit their discussions suspecting that 
the interviewer might not be interested in it and this leads to missing some essential data [69].  

 
Third phase: in this phase, precise interview questions are formulated to answer the RQ’s. 
 

3.4.4 Formulation of Interview questions 
 
The semi-structured interview questions are formulated by following the mentioned steps. 
 
Formulation of questions: 
 
Considering the results of the SLR, guidelines for formulating interview questions and the 
research questions, interview questions were formulated. The formulated questions don’t map 
directly to RQ’s; instead, they are formulated to dig deep into the interviewee's experience 
and knowledge to gain the maximum amount of data in the interview. Five essential 
guidelines by Rowley [65] are followed to formulate the interview questions.  

 Wordings in the questions are prepared as open-ended as possible. 
 Include questions which learn interviewees terminology. 
 Questions are formulated neutrally to avoid judgmental and biased phrases. 
 Enumerated questions are formulated to refrain from missing information. 
 Wordings of the questions are as simple as possible such that they are understandable 

by the interviewee.  
Formulated interview questions are in Appendix A. The motivation for each question is to 
map with research aims, objectives and RQ’s. Questions are formulated to extract experience 
of interviewees in prioritizing test cases for a PG in software organizations for software under 
test. Analyzing data obtained gives insights into the organization's norms and their process of 
selecting requirements-based TCP technique among numerous techniques available in the 
literature. 

 
As a part of phase 1 and phase 2, first 2 questions are formulated to get to know the 
interviewee's details such as their name, organization they work in, their experience and to 
give a brief introduction to this research.  
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For phase 3, the next 8 questions are open-ended. These questions focus on getting insights 
into the interviewee's terminology and mapping organizations terminology with academic 
terminology. It is possible that the interviewees may not be acquainted with every academic 
terminology. If the interviewee is unfamiliar with any words, it might lead to misinterpreting 
the interview questions. Therefore, this phase is crucial as it bridges the gap between 
academics and organizations terminologies. The data obtained by conducting an SLR and 
answers to these interview questions are mapped to answer RQ 2. 

 
In the 8 questions, first 5 questions aim towards gaining insights into the requirements-based 
TCP techniques utilized in software organizations. Next 3 questions aim towards the 
evaluation of their proposed approach and measures they take if the proposed approach is not 
feasible within the organization.  
 
Reviewing formulated questions 

 
After formulating initial questions, they are reviewed by the thesis supervisor. The feedback 
is collected, and the questions are modified by fixing the identified flaws. This process is 
repeated until the supervisor agrees on the quality of the interview questions, which is crucial 
for fetching rich data for the research [68]. 
 
Customization of interview questions for different interviewees 

 
As data collection and data analysis process happen simultaneously, the interview questions 
are improvised to suite interviewees. The improvised questions focus on the process of TCP 
and the interviewee's experiences during TCP. 

3.4.5 Data Analysis 
 
For analyzing obtained data thematic analysis was chosen over other diverse data analysis 
methods. Thematic analysis is a flexible strategy to recognize, examine and report the 
available data in detail  [56][72]. It is considered unique in relation to other data analysis 
methods such as the grounded theory which primarily focuses at developing a theory [71]. 
The goal of this research doesn’t focus on building theory or finding patterns that are 
confined theoretically. Hence grounded theory does not opt for this research. Whereas, 
thematic analysis is appropriate for analyzing the experience and perspectives of the people 
[71]. It focuses on identifying and analyzing peoples perspectives and define something 
important about the data concerning RQ’s and present patterns and meaning within the 
collected data [72].   
 

 
Figure 5: Thematic analysis process. 
 
A step by step process of Thematic analysis was followed to analyze the obtained data, and 
this helped in deriving reliable conclusions. According to [70][71][72] the steps to be 
followed to analyze qualitative data using thematic analysis is depicted in figure 5 and as 
follows: 
 

 Transcription: As stated, Skype was used to conduct interviews and transcribed into 
voice recordings. After each interview, voice recording file is renamed with the 
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interviewee name, his designation and stored in a separate folder. For safety, a 
duplicate folder was stored in google drive to avoid loss of data in any worst-case 
scenarios. After every interview, these files are decoded manually from audio to text 
transcription. 

 Organizing the data: After transcription, data was organized for simplifying the 
analysis process. Data relevant to the interview questions were organized respectively.  

 Acquainting: The organized data was revised carefully, line by line to get 
familiarized with it. After a thorough reading, the data is coded, and themes are 
formed which is discussed in the next sub-section.  

 Coding: After getting acquainted with the transcripts and gaining insights into the 
crucial data, initial codes are formulated. These initial codes might be anything in the 
transcripts, such as words, statements or sentences which depend on their relevance to 
the research, and which are repeated multiple times. Initial codes are highlighted and 
are inspected again giving full and equivalent attention to each data item. After 
careful inspection, these codes are finalized. the detail description of codes and their 
inclusion criteria are stated in section 4.2.2. The data collection process is stopped 
when no new codes were identified in the interview transcripts and have reached the 
saturation point. 

 Themes: the identified codes are analyzed and the codes which are similar or 
interrelated are grouped together. This should be done to all the identified codes from 
the transcripts. These groups are framed such that they relate to the RQ’s. These 
groups are named and are called themes. These themes are further refined and are 
finalized. The finalized themes are either merged or relationships between them are 
identified. Further, the process of merging finalized set of codes to the themes is 
detailed in section 4.2.  

 

3.4.6 Triangulation Methods 
 

Triangulation methods described in [73] are used to confirm/ validate the data analysis 
process. There are three approaches in the triangulation process, which categorizes into two 
groups, between-methods, and within methods. These three approaches are detailed below: 

 
Data triangulation: This method is a ‘between-method’ approach which involves data from 
more than one source for validating the data analysis results. Data from SLR and interviews 
are used to confirm the acquired results. 

 
User group triangulation: this method is a ‘within-method’ approach which assesses if the 
acquired result applies to specific user groups or multiple user groups, i.e., the generality of 
the data analysis result. Here interviews are conducted with the participants with varying 
designations, experiences, and environments. Hence the results apply to multiple user groups.  

 
Geographic triangulation: this method is a ‘within-method’ approach which assesses if the 
result of data analysis is globally applicable. Here interviews are conducted with the 
participants from India, Sweden, and the U.S.A. This proves that this theory is diversely 
relevant to broader conclusions. 
 

3.4.7 Interview validity threats 
 

It is crucial to determine validity threats for ensuring the quality of the research [70]. Threats 
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are the potential and common errors which might affect the quality of the research. Hence, 
identifying and mitigating such threats are done as soon as possible. According to [70], 
There are 4 validity threats which are construct validity, internal validity, external validity 
and conclusion validity. The process of identifying and mitigating these threats are done by 
following [70][74][75]: 

3.4.7.1 Construct Validity: 
 

Construct validity reflects the extent of relevancy between the researcher’s measures and the 
research being done [70]. There are 2 possible construct validities which are. 

 
Selection of interviewees: this threat implies that selecting a similar set of interviewees can 
influence the research by acquiring one-sided outcomes. This threat was mitigated by 
interviewing the interviewees with varying experience in varying organizations and 
designations for the interview. This variation collected a wide range of perspectives.  

 
Misinterpretation: this threat implies that misinterpreting interview questions or 
terminology in the questions, which might influence the results of the interviews. This threat 
is mitigated by reviewing the interview questions by the supervisor and was structured 
accordingly to increase readability, by avoiding misinterpretations and deviations from the 
study. In the second step, a pilot interview was conducted with 2 people, first a novice tester 
and another with a tester who has 15 years of experience. From the outcome of these pilot 
interviews, the interview questions were updated accordingly. 

3.4.7.2 Internal Validity:  
 

This threat reflects if the process we used has generated the outcome or is the consequence 
of any other factors which are out of our control [74]. In [75] author has stated that “this 
validity deals with factors that might affect cause and effect’ relationship but is unknown to 
the researcher.” there is a possibility that due to researcher’s inexperience, poor data analysis 
might affect the accuracy of the results. To mitigate this threat results from data analysis are 
discussed and reviewed by the supervisor. It ensured drawing proper results from the data 
analysis process.  

3.4.7.3 External Validity: 
 

This threat reflects the generalizability of the research results [70]. This research is about 
requirements-based TCP techniques, the results obtained by conducting 10 interviews were 
very general such that they can be applied to various test suites by merging various TCP 
approaches. This threat is mitigated by explaining the detail description of the various 
aspects of the study. Moreover, the selected interviewees are the people with differing 
experiences, designations, and organizations spread across 3 continents (India (Asia), U.S.A 
and Sweden (Europe)) therefore ensuring the generalizability of the research results.  

3.4.7.4 Conclusion Validity: 
 

This threat reflects the reliability and trustworthiness of the research, moreover, repeatability 
of the research. That is any researcher can repeat the process of research and gain the same 
results. To mitigate this threat data is collected by conducting an SLR, and by interviewing 
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people with varying organizations, experiences, and designations. This ensures covering 
different perspectives. Each interview was recorded and carefully analyzed. The obtained 
data is mapped with the data obtained from SLR which are discussed in the discussions 
section (Section 5.1). To ensure repeatability every step of the research was documented. 
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4 RESULTS AND ANALYSIS 
 
This section is segregated into two sub-sections. Systematic Literature Review (SLR) and 
Interviews were conducted to find the best evidence to answer Research Questions (RQ’s). 
SLR provides literature-based evidence and interviews gather opinions and experiences of the 
practitioners on the requirements-based TCP techniques. This first sub-sections 4.1 maps to 
the first part (a) of RQ 1, 1.1, 1.2, 1.3 and 1.4 which discusses insights of Requirements-
based TCP techniques from the literature. The second sub-section 4.2 is Data Analysis of 
interview data, it maps to the second part (b) of RQ 1 and its sub-questions which captures 
opinions and experience of practitioners on requirements-based TCP techniques utilized in 
software organizations. Results of Analysis of interviews data and SLR are mapped to answer 
RQ 2.  
 

4.1 Systematic Literature Review Results 
 
The SLR was conducted to gain insights into all the ongoing research on regression TCP 
techniques which uses requirement properties for prioritizing test cases. Snowball sampling 
was conducted for the SLR which resulted in identifying 27 related articles. The data on 
requirements-based TCP techniques extracted by reviewing the 27 articles are presented in 
this section.  
The list of TCP techniques which uses requirement properties is tabulated below in Table 2 
as a part of answering the first RQ: 
  
Table 2: results from a systematic literature review. 
Sno. Reference Prioritization techniques and their 

requirement properties  
Prioritization 
goal 

Metric 
used to 
evaluate 
its 
efficiency 

1 [11] Requirements based clustering TCP 
which uses traditional code analysis 
information. 

The increasing 
rate of early 
fault detection 

APFD 

2 [29] Risk-based TCP which estimates 
requirements risks. 
It uses:   
 Requirements modification status, 
complexity, security, and size of the 
software requirements as risk indicators 
and employed a fuzzy expert system to 
estimate the requirements risks 
 

3 [48] Requirement based TCP which uses 
Goal-question-metrics method to identify 
metrics for prioritization. 
 

4 [7] History-based TCP. 
Requirement priorities in a history-based 
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approach are utilized to initialize 
priorities of test cases. According to 
historical data of the requirements, 
priority is calculated dynamically.    
2 types of requirement properties 
considered are: Customer assigned, and 
developers assigned priorities 

5 [6] Requirement based TCP which uses 
customer priority and fault proneness are 
developed and compared with their 
previous versions and random 
prioritization techniques. 
 

6 [49]  Hybrid TCP technique which uses branch 
coverage, source code coverage and 
mandatory user requirements coverage. 

7 [50] Genetic algorithm (GA) based TCP 
technique. 
It considers (1) customer assigned 
priority of requirements, (2) developer-
perceived code implementation 
complexity, (3) changes in requirements, 
(4) fault impact of requirements, (5) 
completeness and (6) traceability (7) 
Execution time. 

8 [51] Value-based particle swarm intelligence 
algorithm for TCP. 
This algorithm uses 6 types of 
requirement properties for prioritization: 
customer priority, Requirement volatility, 
implementation complexity, requirement 
traceability, execution time and fault 
impact of requirement. 

9 [10] TCP technique which uses: 
(1) priority of requirements given by 

the customer, developers, and 
manager, 

(2) severity and probability of risk 
factors that occur in requirements. 
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10 [42] A hierarchical TCP is proposed which 
prioritizes test cases in 3 steps: 

(1) Priority weightage of each 
requirement is calculated 
using below mentioned 12 
factors (8 types of 
requirement properties+ other 
factors) and with this, the 
requirements are assigned 
priority levels. 

(2) Modules corresponding to the 
highest priority requirements 
are mapped to identify 
prioritized modules. 

(3) Execution order of test cases 
is then determined by 
assigning test cases of the 
highest priority modules. 

  
 12 factors are Customer assigned, 
developers assigned, requirements 
volatility, fault proneness, expected 
faults, implementation complexity, 
execution frequency, traceability, show 
stopper requirement, penalty, cost, time. 
 

11 [24] TCP technique which prioritizes test 
cases based on 6 types of requirements 
properties: 
 1 customer allotted priority, 
 2 developer observed code execution 
complexity, 
 3 changes in requirements, 
 4 fault impacts, 
 5 completeness and 
 6 traceability 

12 [52] History-based TCP technique with a 
genetic algorithm. 
To prioritize test cases this technique 
utilizes: 
Customers and developers assigned 
priority, requirements coverage and faults 
identified with severity. 
 

13 [53] TCP technique using customer perceived 
priority for web service applications 
 

14  [42] System-level TCP using information 
obtained from requirement specification 
such as requirement completeness and 

The increasing 
rate of early 
fault detection 

Total 
severity 
of faults 



 

36 

implementation complexity.  
6 types of requirement properties used 
for this prioritization algorithm are: 
(1) customer assigned priority of 
requirements, 
(2) developer-perceived code 
implementation complexity, 
(3) changes in requirements, (4) fault 
impact, (5) completeness and (6) 
traceability 
 

detected 
(TSFD) 
 

15 [9] PORT- Prioritization of requirements for 
the test. A value driven approach to 
system level TCP which prioritizes based 
on 4 properties: requirements volatility, 
customer priority, implementation 
complexity, and fault-proneness of the 
requirements 
 

Average 
Severity 
of Faults 
Detected 
(ASFD) 
 

16 [40] Multi-objective test prioritization 
technique. It uses information related to 
the code and requirements coverage 
along with the execution cost of each test 
case. 
Technical and business critical fault 
detection is maximized with this TCP 
technique 
 

APFD for 
Effectiven
ess and 
Sensitivit
y. 
TOD-test 
ordering 
diversity 
for 
diversity. 
 

17 [5] Requirements risk-based TCP. 
Risky requirements are recognized using 
risk levels of potential defect types and 
based on the relationship between test 
cases and requirements. Based on this 
information a prioritized test suite is 
developed.  
 

Percentag
e of Total 
Risk 
Severity 
Weight 
(PTRSW) 
and 
APFD 
 

18 [30] Requirement properties based Genetic 
algorithm TCP technique. 
It utilizes 6 types of requirement 
properties:  customer priority, changes in 
requirement, implementation 
complexity, completeness, traceability 
and fault impact 
 

APFD 
and PTR 
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19 [3] System-level TCP from software 
requirements specification. 
System test cases are prioritized based 
on: 

 Customer priority 
 Change in Requirements 
 Implementation complexity 
 Usability 
 Application flow  
 Fault impact. 

ASFD 
and TSFD 

20 [43] TCP technique based on varying test 
requirement priorities and test case costs. 
 

rate of “units-
of-testing-
requirement-
priority-
satisfied per- 
unit-test-case-
cost” 

APFD 
 

21 [54] Multi-objective TCP; which considers 5 
types of requirement properties: (1) 
coverage (2) fault exposing potential (3) 
requirements priority (4) historical 
information and (5) execution time spent 
of test case 

Average 
percentag
e block 
coverage 
(APBC) 
 

22 [55] TCP technique which uses requirement 
properties. 

 Business value measure/ 
customer priority 

 Requirements Volatility 
 Development complexity 
 Fault proneness of requirements 

 

Detecting 
severe faults 
 

WPFD 
(Weighte
d 
percentag
e of faults 
detected) 
 

23 [56] Risk-based TCP. 
Test cases (TC’s) are prioritized based on 
the evaluated metrics. Risk exposure 
value of requirements is calculated, and 
risk items are analyzed based on 
calculation to evaluate relevant test cases 
and thereby determining prioritized order 
of TC’s. 

detection of 
severe faults, 
Time AND 
cost 

Fault 
severity in 
terms of 
percentag
e of faults 
detection 
and 
APFD 
 

24 [57] TCP technique which uses a Modified 
particle swarm optimization algorithm. 
 
This algorithm considers 7 types of 
requirement properties: (1) customer 
allocated priority of requirements, (2) 
working complexity, (3) transformations 
in requirements, (4) fault impact of 
requirements, (5)  
comprehensiveness (6) traceability and 
(7) execution time  
 

Time aware 
 
 

APFD 
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25 [41] Multi-objective TCP technique; which 
uses a search-based approach along with 
requirement properties. 
Requirement properties utilized are: 1) 
requirements volatility 2) requirements 
complexity 3) customers perceived 
priority. 
 

Hyper 
volume 
 

26 [4] Genetic algorithm-based TCP technique 
which utilizes requirement properties, 
which are stated below 

(1) priority of requirements given by 
the customer,  

(2) developers 
(3) man-ager 

Time-aware 
and 
requirements 
coverage 
 

APFD 

27 [58] TCP using requirements changes.   
Analytic hierarchy process (AHP) is used 
to rank test cases. 

Faults detection 
from changed 
requirements 

APFD 

 
There are numerous TCP techniques in the existing literature which effectively meets their 
PGs. Depending on the product characteristics or test scenarios, essential factors of few TCP 
approaches are merged into a single TCP technique to reduce the complexity of a TCP 
technique in meetings it's PGs [7] [10] [30]. This strategy was proved to be profitable and 
gained researchers attention. Investigations on merging two or more TCP approaches have 
been going on [5].  
 
Requirements community has recognized the importance of utilizing requirement properties 
in the testing phase [6]. Most of the articles reviewed in this SLR are the combination of 
different TCP approaches with the requirement properties and their evaluations have shown 
promising results [11].  
 
RQ 1.1a is answered by analyzing the results of the SLR. There are 8 requirement properties 
identified from the literature:  
 
•    Customer perceived priority of requirements: Requirements/ features which are 
essential in the product to customers or users are given the highest priority in this requirement 
property. Giving high priority to the test cases of the requirements anticipated by the 
customers assures customer satisfaction. The importance of customers satisfaction was 
evident in the development phase, developing features which were suggested by customer 
guarantees critical requirements for the success of the product and improves customer 
satisfaction [44]. According to [76], roughly 45% of the software functions are not at all 
utilized, 19% of them are used seldom, only 36% of the software functions are used often. 
Therefore, giving high priority to the test cases which cover the functions perceived by the 
customers improves user satisfaction and guarantees the success of the product.   
•    Developer perceived priority:  assigns the highest priority to test cases of features or 
requirements which are difficult to implement for the development team, concerning 
programming or functional dependencies in the development phase. The requirement with 
high implementation complexity tends to have more number of faults [44]. 
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•    Testers and Managers perceived priority: test cases of the features or requirements 
which tend to have errors according to testers intuition were assigned highest priority. This 
can be predicted by having working experience on similar projects [20].  
 
•    Changes in requirements/ requirement volatility: test cases of the requirements which 
were modified many times in the development phase are given the highest priority in this 
requirement property. Faults are likely when a requirement is modified, and usually, failure 
of the product occurs due to changed or modified requirements. Moreover, 50% of the faults 
found in the testing phase are of the modified requirements [9]. Therefore, requirements 
which are modified multiple times are of highest priority.  
 
•    Size of the requirements: requirements function size is the size of the requirements. The 
number of lines of code of a function is the metric used for this factor. Intuition is that more 
faults are expected from the functions with more number of lines of code [29]. 
 
•    Fault proneness (FP) of the requirements: it is the measure of the number of customers 
reported faults found in the requirements from the previous version of the software product. 
Fault proneness cannot be measured for a new requirement; instead, they can only be 
identified from the requirements which were released in the previous version of the software 
product. Historical information of the software product such as the number of field failures 
and testing failures data of the code implementation of requirements is collected to identify 
fault proneness of a requirement. Research states that fault-prone modules probably cause 
field failures than non-fault prone modules [6]. 
 
•    Mandatory user requirement coverage: this requirement property is the measure of 
how many mandatory requirements are covered by a single test case (TC).  TC covering the 
maximum number of mandatory requirements stated by the customer is executed first in the 
test suite, followed by TC which covers the second most number of mandatory requirements 
and so on. The focus of this requirement property is to make sure that mandatory 
requirements are tested first by using the coverage criteria to improve customer satisfaction. 
 [49].  
 
•  Requirement traceability: It is the mapping between requirement and its concerned test 
cases. Requirement traceability property supports customer perceived priority, developers 
perceived priority and testers perceived priority properties. This property traces the life of a 
requirement from its inception to the development, modifications and to its functionality.   
Requirements traceability is necessary for a tester to conclude that a requirement is tested 
sufficiently. Poor traceability causes project overruns and failures. Therefore, including this 
property in a TCP technique ensures that the prioritized requirement or the focused 
requirement is sufficiently tested [44].  
 
Either one or merging multiple requirement properties along with any TCP approaches or 
algorithms enhance the customer's satisfaction by increasing the reliability of the test suite in 
meeting their PGs. Few of these requirement properties are utilized more often than others. 
Figure 6 depicts the rate of utilizing the requirement properties in identified TCP techniques.  
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Figure 6: Identified requirement factors and their occurrence. 
 
From the frequency analysis, it is evident that customers perceived priority of test cases is the 
most frequently utilized requirement property addressed in 17 of the identified 27 articles. 
Followed by developers perceived priority, requirements volatility, fault-proneness of the 
requirements and requirements traceability with 12, 11, 10, and 9 articles respectively. 
Whereas, requirements coverage and size of the requirements are in use rarely in 3 and 1 
articles.     
 
In 21 articles, multiple requirement properties were combined with some TCP approaches or 
algorithms to prioritize test cases. Only 5 articles among the identified 27 have utilized a 
single requirement property with some TCP approaches. Singularly utilized requirement 
properties were customers assigned priority, requirements volatility and requirements 
coverage. Since most of the articles use multiple requirement properties, it is evident that for 
a TCP technique to meet their goals, more than one requirement property is better to be 
utilized in the TCP technique.  
 
TCP techniques are led by many PGs, but only a few among them are mostly utilized in the 
identified articles. Most of the articles considered only one PG, very few considered 2 or 
more goals. Figure 7 depicts the PGs of the identified TCP techniques and their frequency of 
occurrence in articles answering RQ 1.2a.   
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Figure 7: Identified prioritization goals and their percentage of occurrence. 
 
Figure 7 depicts the usage of individual PGs in the identified articles. From this figure, it is 
evident that PG ‘fault detection rate’ is mostly utilized PG identified in 21 articles out of 27. 
Other PGs were occasionally used depending upon testers motivation for prioritizing test 
cases. Prioritized test suites whose aim is to reduce testing time fruitfully is the next most 
frequently used goal occurred in 4 articles. Followed by cost aware and requirement coverage 
goals occurred in 3 articles each. PG which detect most severe faults first and which detect 
faults from modified requirements takes last 2 places in 2 and 1 articles respectively. 
 
These occurrence rates are not only confined to the SLR, but most of the research on 
proposing TCP techniques aim for increasing faults detection rate of the test suite. APFD 
metric is used to measure the fault detection rate of a test suite. It assumes the cost of test 
cases and faults severity uniform, but in reality, they vary. To avoid this limitation of the 
APFD metric, it is modified into various metrics [35]. Regardless of this limitation and 
availability of numerous metrics, as figure 8 depicts, APFD metric has not lost its 
importance.      
 
Figure 8 depicts metrics which were identified in the SLR along with their occurrence rate in 
the articles answering RQ 1.3a. 
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Figure 8: Metrics proposed in the literature and their percentage of occurrence in articles. 

 
This figure 8 depicts that APFD is the most frequently used metric for measuring the 
efficiency of the prioritized test suite. It is used in 22 articles from the identified 27, which is 
76% occurrence rate. TSFD and ASFD follow it by occurring each in 2 articles, then come all 
other metrics which were utilized in only 1 article each. 
 
RQ 1.4a is answered by mapping the SLR results. A proposed TCP technique can be 
evaluated in multiple ways. Firstly, they are applied to a test suite for the evaluation process. 
In some articles, their PGs are measured merely with some metrics or by comparing those 
metrics with randomly prioritized or non-prioritized or reverse ordered test suites. Very few 
articles have compared their proposed model with their previous models or other TCP 
techniques.  
 
By analyzing the table 3, it shows that most of the identified articles use evaluation metrics to 
determine the efficiency of the proposed approach. Next comes comparison with a randomly 
ordered test suite, where test cases are executed by prioritizing them randomly in a test suite. 
Following this, the comparison with other TCP approaches. Even though the comparison 
between the proposed prioritization with other approaches is possible, the results obtained 
cannot be generalized, as their efficiency may vary for every test environment or test suite on 
which they are applied. Comparisons with non-prioritized test suites, their previous models 
and reverse ordered test suites are very rare in the literature. 
 
Each article has applied its proposed techniques on different test suites with different test 
resources. Therefore, efficiencies of different prioritization techniques cannot be compared 
by reviewing or mapping the articles. Table 3 depicts the evaluation methods and their 
occurrence in the number of articles among the identified 27 articles.  
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Table 3: this table depicts different evaluation methods used in articles with a number of 
articles in which they are used. 
Evaluation Method Number of times 
By measuring the test suites efficiency with 
some metrics 

16 

Comparing with the random ordered test suite 11 
Comparing with other prioritization 
techniques 

7 

Comparing with the non-prioritized test suite 4 
Comparing with their previous models 2 
Comparing with the reverse ordered test suite 1 
   

From the observation, it is evident that the requirement properties which are utilized to 
prioritize test cases in requirements-based TCP techniques are the only similarities or 
contrasts between TCP techniques which uses different algorithms or TCP approaches. As 
the evaluation of the proposed TCP techniques from the literature is on different test suites 
and testing scenarios, it is not possible to compare and then generalize the efficiency of the 
identified TCP techniques in a sequence by reviewing the articles.  
 
However, analyzing the requirement properties identified in table 2 it can be deduced that 
….. This answers RQ 1.4a.  
 
By analyzing data obtained from the SLR, helped in gaining insights into different aspects of 
requirements-based TCP techniques.  
 

4.2 Analysis of Interview Data 
 

This section details the analysis process of the qualitative data obtained in interviews.  
 

4.2.1 Introduction of the interviewees 
 

To cover differing perspectives 10 interviewees with varying experiences, organizations and 
designations are identified for the interviews. The interviews were stopped only when no 
new data/codes were acquiring, this resulted in 10 interviews. As this research is about TCP, 
5 testers were selected. Since the requirement property ‘developers perceived priority’ is the 
second most used factor, to understand the role of developers in prioritizing test cases 3 
developers were selected for the interview. The requirement property ‘customers perceived 
priority’ is the mostly used factor in the requirements-based TCP technique. To understand 
customers perspective on prioritizing test cases a delivery manager, and a director are 
selected for the interview, as they are the mediators between organization and customers. 
Interviewing a customer won’t give the required data on prioritizing test cases, as they can 
only discuss why a feature/requirement is important to them. Moreover, 2 among the 10 
interviewees are with 1-year experience. Testers with good experience on prioritizing test 
cases won’t have to learn anything from this research, only novice testers refer researches 
like this. Hence to understand their perspective on prioritizing test cases, 2 novice 
interviewees were also chosen for the interviews. Only the interviewees who have 
knowledge of TCP were interviewed. The experiences, designations and individual interview 
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times of the interviewees are as follows: 
 

Interviewee 1: the first interviewee has 18 years of experience as a tester in various reputed 
organizations. He started his career as a primary tester, has worked as a test lead and now is 
a test manager at Qualcomm. The interview took place for 40 minutes. 

 
Interviewee 2: this interviewee has 15 years of experience as a tester and worked in many 
organizations and presently working as a free-lance tester. The interview took place for 45 
minutes. 

 
Interviewee 3: this interviewee has 10 years of experience as a tester and now from the past 
6 years working in ORACLE. The interview took place for 30 minutes. 

 
Interviewee 4: this interviewee has 5 years of experience as a tester in OPTUM Global 
solutions and is a junior tester. The interview took place for 26 minutes. 

 
Interviewee 5: this interviewee has 1-year experience in Ericsson Stockholm and is a junior 
tester. The interview took place for 28 minutes. 

 
Interviewee 6: this interview has 7 years of experience as a developer at Microsoft. 
Presently, working as a senior developer. The interview took place for 43 minutes.   

    
Interviewee 7: this interviewee has 5 years of experience in Ericsson and NASDAQ 
combined and presently working as a developer. The interview took place for 20 minutes.  

 
Interviewee 8: this interviewee has 1-year experience as a junior developer at Ericsson. The 
interview took place for 27 minutes. 

 
Interviewee 9: this interviewee has 17 years of experience in various organizations and 
presently working with NTT Data as a delivery manager. The interview took place for 37 
minutes. 

 
Interviewee 10: this interviewee has 20 years of experience in various reputed organizations 
and presently working as a director of Qualcomm India, Hyderabad. The interview took 
place for 25 minutes. 

 

4.2.2 Coding and Themes 
 

After familiarizing with the organized data, the relevant pieces such as words, phrases, 
sentences or sections are labeled. These labels are about concepts, differences, opinions or 
process. The process of labeling the relevant pieces of data is known as coding. Codes which 
were relevant and frequently occurred were only considered. Highly stressed phrases by the 
interviewees imply to ‘frequently occurring codes’. Codes which can be mapped to the RQ’s 
are ‘relevant codes’. After the coding is done, they have revised again for understanding 
them, and relevant codes are categorized into groups. These groups are also known as 
themes. These themes are about process, objects, differences. Example of codes and themes 
of this research is attached in Appendix C. the identified codes and analysis of the themes are 
presented in the next sub-sections. Examples stated by the interviewees are shown in italic. 
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         Figure 9: Codes. 

 
 
As seen in figure 9, catchy sentences or phrases or words are highlighted with different 
colors and then relevant codes are grouped and categorized into themes. 
 

4.2.2.1 Codes for RQ 1 and 1.1 
 

RQ 1 and 1.1 focuses on acquiring data on requirement properties used to prioritize TC’s and 
different requirements-based TCP techniques utilized in software organizations. Total 11 
codes were identified from 10 interviews which are related to RQ 1 and 1.1. Codes, their 
inclusion criteria, and themes are shown in table 4 and are further discussed.  

 
Table 4: Codes and Themes for question 1. 
Sno. CODES CODE 

INCLUSION 
THEMES 

1 Customer perceived priority Frequency, 
relevance 

Requirement 
properties 2 Developers perceived priority 

3 Testers perceived priority 
4 Modifications Made 
5 Size of Requirements 
6 Fault proneness of Requirements 
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7 Mandatory user requirements 
coverage 

8 Requirements traceability 
9 History-based TCP approach relevance 

 
Merging TCP 
approaches 
 

10 Coverage-based TCP approach 
11 Algorithm-based TCP approach 

 
 
Codes for the RQ 1 and 1.1 are categorized into 2 themes which are, requirement properties 
and merging TCP approaches. Figure 10 depicts the themes of RQ 1 and 1.1 and their 
corresponding codes. 
 

Analysis of responses given to RQ 1 and 1.1. 
 
Total 11 codes were formed which were categorized into 3 themes. For maintaining 
confidentiality, the name of the organizations is not disclosed in this section.  
 
Requirement properties: This theme identifies codes which discuss various types of 
requirement properties considered for prioritizing test cases in requirements-based TCP 
approach stated by the interviewees. The customers perceived priority, developers perceived 
priority, testers perceived priority, modifications made to a requirement are the most 
frequently utilized requirement properties according to the practitioners. 4 interviewees 
stated that size and code complexity is never used to prioritize test cases, as testers or 
customers don’t consider these factors “Say, A requirement is rarely utilized in the software 
product, but its implementation is very complex, then the testing time of the requirement is 
what changes, but first priority is not assigned; this is the same with the size of 
requirement”. One interviewee stated that code complexity is not used for prioritizing test 
cases in their organization “my organization uses eclipse to develop or code a module, and in 
case of code complexity, eclipse forces developers to reduce their complexity in the code, so 
prioritizing based on code complexity is not feasible, hence this factor is never utilized”. One 
interviewee stated that Priorities of requirement properties also vary with the testing phase of 
the product “while testing the first module of a software product, requirement properties 
modifications made, or traceability is not given much priority. But, while testing the second 
module or tenth module of the software product, traceability property might have higher 
priority over customers perceived priority. In case of retesting modified module, 
modifications made property is given higher priority.” Usually, customer priority or fault 
proneness of requirements is given the highest priority, but there will be scenarios when 
other types of requirement properties can dominate even the customer's priority property. In 
such scenarios, the importance of the feature stated by the customer is not reduced. Instead, 
it is the schedule of testing that feature changes. 
 
Merging TCP approaches: This theme discusses merging other TCP approaches with a 
requirements-based TCP approach. 3 codes are categorized into this theme. Most of the 
interviewees stated that history-based TCP approach, coverage-based TCP approach and 
very rarely search algorithms-based approaches are merged with requirements-based TCP 
approaches. Three interviewees stated that “Merging TCP approaches is decided based on 
the experience and gut feeling of the project leads. TCP Approaches stated in the literature 
are never completely utilized only the essential aspects of multiple TCP approaches are 
merged. That too depends on the product and PGs.”. All the aspects of the multiple 
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prioritization approaches are never utilized in the real world, only the required aspects are 
considered. “few features of a product are modified and re-released as a new version of a 
product. While testing such product, historical test execution data of the unmodified parts of 
the code is combined with some circumstantial requirement properties. This saves rewriting 
and executing test cases of the unmodified code.” which approaches should be merged with 
what requirement properties can only be decided by considering product demands, PGs, by 
the discussions and the experience of the software team.   
 

 
Figure 10: Codes and themes of RQ 1 and 1.1. 
 

4.2.2.2 Codes for RQ 1.2 
 
RQ 1.2 focuses on identifying prioritization goals (PGs) utilized in software organizations. 
For this question total, 7 codes were identified, which are considered with the same inclusion 
criteria and are categorized into 1 theme. Table 5 depicts codes, their inclusion criteria, and 
themes. Figure 11 depicts the theme of RQ 1.2 with its corresponding codes. 
 
                                                  
Table 5: codes and themes of RQ 1.2. 
Sno CODES CODE 

INCLUSION 
THEME 

1 Increase the fault detection rate  
 
 
Relevance, 
frequency 

 
 
 
Prioritization goals 

2 Reduce the cost of testing 
3 Reduce execution time of test 

suite 
4 Increase code coverage 
5 Maximize reliability 
6 Finding high-risk faults early 
7 Finding faults from code 

modifications 
             

Analysis of response given to RQ 1.2.  
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Prioritization goals: “Goal of prioritization depends on the time budget of the product.” If 
the time for testing is adequate, then multiple PGs can be assigned. “if there is more than 
enough time frame for testing then total code coverage or increasing fault detection rate is 
aimed”.  An interviewee with very good experience on TCP stated that “However, if the 
testing time is less, then early detection of high-risk faults goal is focused”. There are many 
PGs stated in the literature, but very few of them are used frequently. However, increasing 
coverage of essential requirements, increasing fault detection rate, increasing reliability on 
quality of the product, finding high-risk faults and modified requirements are commonly 
used goals. Combination of two or more PGs can also be utilized, but it all depends on the 
product needs and allotted testing time. Most of the interviewees state that reducing time and 
cost of testing is the least or never formulated goal for prioritizing test case, as this goal 
might compromise the quality of the product. “Usually in the reputed organizations, cost 
and time of testing are not compromised.” One interviewee state that increasing code 
coverage is not considered as a goal for prioritizing test cases. “Our organization uses a 
framework for executing test cases in functional testing, and this framework has brilliant 
code coverage, hence, the increasing code coverage is never considered as PG.” PG varies 
with product demands, customers’ requirements and organizational norms.  

 

 

 

Figure 11: Codes and themes of RQ 1.2. 

4.2.2.3 Codes for RQ 1.3 
 

RQ 1.3 focuses on evaluation metrics of TCP techniques utilized in the software 
organizations. Total of 10 codes have been selected by the same inclusion criteria and are 
categorized into 3 themes.  

 
 

Table 6: Codes and themes of RQ 1.3. 
Sno. CODES CODE 

INCLUSION 
THEMES 
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1 Metrics Frequency, 
relevance 

Evaluation 
2 APFD 
3 APFDc 
4 Statistical reports  

 
 
Frequency 

5 Customer feedback 
6 Acceptable if present TCP is good Contrasting with 

other TCP 
techniques 

7 Play safe 
8 Impossible 
9 Lessons learned Rectify 
10 Rectify and retest 

        
  

Five codes are grouped into ‘Evaluation’ theme, 3 codes into ‘Contrasting with other TCP 
techniques’ theme and 2 codes into ‘Rectify’ theme. Table 6 shows the codes identified to 
RQ 1.3, their inclusion criteria and the themes in which the codes are categorized. Figure 12 
depicts the themes of RQ 1.3 and their corresponding codes.  

Analysis of response for RQ 1.3. 
 
Evaluation: only 3 of the 10 interviewees stated that they do use metrics for evaluating or 
measure their TCP technique. Most of the interviewees stated that they use metrics defined 
by their organization “Not by any metric, but daily or weekly test statistical reports are 
generated and is examined by project managers, and they decide if the prioritization 
technique used is good enough or some priorities should be changed.” Testing managers 
examine statistical reports to evaluate the efficiency of the used TCP technique. “the 
statistical reports and customers response on the product are used to assess the utilized 
prioritization technique.” Customer feedback is the most usual method for evaluating 
proposed TCP technique. Another one stated that they use the APFD metric and extensions 
of APFD metric, such as APFDc “Not many metrics mentioned in the literature are utilized 
in software organizations, but APFD metric is used for assessing our TCP technique. And, 
very rarely, we use APFDc metric or other extensions of APFD.”.  One interviewee stated 
that they use both the APFD metric and metric defined by their organization depending on 
the project they are working.  

 

Contrasting with other TCP techniques: it is impossible to say that a proposed approach is 
the most effective approach than any other. As long as that approach gives satisfactory 
results, it is good to use it. Testers usually play safe to ensure satisfactory results “In our 
organization, we have a testing framework which is ensured by a separate team. So, for 
playing safe, we give a detail report of the test plan including prioritization of test cases so 
that nothing goes wrong, on the contrary, we don’t have to take the blame”. It means that 
after prioritizing test cases, they discuss their prioritization technique with team members 
who are involved with the product and take their suggestions. In this way all most all the 
factors to be considered for ensuring the PGs are covered, leaving no chance for failure. “We 
are combining multiple requirement properties and multiple prioritizations approaches i.e. 
essential aspects of multiple prioritization techniques to cover all the important aspects for 
testing a software product, so we are confident that the TCP technique which we are using is 
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more than enough. So, there is no need to compare our technique with others for retrieving 
and using the most eligible TCP technique. As long as the TCP technique we developed is 
good enough, we don’t worry about finding a more suitable TCP technique”.  

 

Rectify: “If our prioritization approach is not good enough, the reason for this might be that 
we have neglected/ overlooked some of the requirements for testing. Therefore, we revisit the 
test plan and requirements priorities and then reformulate TCP technique with more care.” 
If the proposed TCP technique is somehow disastrous, then it is considered a lesson learned. 
Mistakes are rectified and re-test the failed module. 

 

 

Figure 12: Codes and themes of RQ 1.3. 
 

4.2.2.4 Codes for RQ 1.4 
 

RQ 1.4 focuses on identifying similarities and differences among TCP techniques identified 
by the practitioners. Total 7 codes are obtained for RQ 1.4. These codes are again selected 
based on the same inclusion criteria and are divided into a single theme. Table 7 depicts the 
codes and themes of RQ 1.4. Figure 13 depicts the theme of RQ 1.4 with its corresponding 
codes.  

        
Table 7: codes and themes of RQ 1.4. 
Sno
. 

CODES INCLUSION CRITERIA Theme 

1. Requirement 
properties 

 
 
 
Frequency and relevance 

 
 
 
Similarities and 

2. Test suites 
3. Prioritization goals 
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4. Metrics dissimilarities 
5. Evaluations 
6. Satisfaction 
7. Testing 

environments 
   
Analysis of response for RQ 1.4. 
 
There are 7 codes identified for RQ 1.4 and are categorized into one theme, ‘Similarities and 
dissimilarities.’  
 
Similarities and dissimilarities: Most of the interviewees who have good experience on 
prioritizing test cases (TC’s) stated that the only similarity or difference between proposed 
TCP techniques is their requirement properties utilized to prioritize TC’s. One of the 
interviewees stated that “We use an agile methodology, here, each TCP technique developed 
is confined to a particular phase or iteration of testing, and those TCP techniques are not 
applicable in next phase or iteration. So, there is no scope of comparing TCP techniques to 
understand their similarities and differences.”. Since PGs changes for every phase of testing 
followed by their requirement properties utilized for test case prioritization (TCP), TCP 
techniques from one phase cannot be compared to other phase’s TCP technique. Other 
interviewee stated that “If a proposed TCP technique is not satisfactory or doesn’t meet the 
PG, then new TCP technique is proposed. The differences between both previous and 
present TCP techniques is documented to avoid such scenarios. But this happens very rarely 
as we try to meet all the important prerequisites, the proposed TCP will satisfactorily meet 
the PGs.” for finding similarities and differences between TCP techniques, they should be 
applied on the same test suite, should have same PG and test environment should also be 
same.  
 

Figure 13: Codes and themes of RQ 1.4. 
 

4.2.2.5 Codes of RQ 2 
 

RQ 2 focuses on identifying a way to guide testers in selecting an appropriate requirements-
based TCP technique for a given system under test. Total 12 codes are obtained for RQ 2, 
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these codes are again selected based on the same inclusion criteria and are categorized into 
Decision making a theme. Table 8 depicts the codes and themes of RQ 2. Figure 14 depicts 
the theme of RQ 2 with its corresponding codes. 

 
 

Table 8: codes and themes of RQ 2. 
Sno. CODES INCLUSION 

CRITERIA 
THEMES 

1 Requirement properties  
 
Frequency and 
relevance  

 
 
Decision making 
 

2 PGs 
3 TCP approaches 
4 Discussions  
5 Project manager 
6 Test lead 
7 Essential aspects 
9 Product Demands 
10 Experience 
11 Software team 
12 Organizational standards 

 

 

Analysis of response to RQ 2. 
 

Decision making: 8 Out of 10 interviewees stated that “Goals of the prioritization technique 
varies with phase/feature of the product being tested today. This, in turn, decides what 
requirement properties and TCP approach to be considered for prioritizing test cases.” test 
cases are prioritized based on PGs and they decide the selection of requirement properties. 
These goals are decided based on the product demands, customer requirements and 
discussions between the software team.  
 
Choosing any particular requirement property or a sequence of requirement properties cannot 
build an appropriate TCP technique which ensures PGs of the software under test. 
Discussions among software teams regarding what product demands are the only way to 
utilize any requirement properties for effective prioritization of a test suite in any testing 
phase of that product. TCP technique varies for every testing phase of the product, here is an 
example stated by an interviewee “in agile development continues building and testing takes 
place, for example in the first phase a module xxx developed interdependently to module yyy 
and is sent to testing. The module xxx has a higher priority as stated by the customer. 
Therefore, customer priority property along with requirements traceability property is 
utilized in the prioritization technique. In the second phase, module xxx is modified. 
Therefore, modifications made property of the module stated by the customer and 
traceability property is utilized in the prioritization technique.” 
 
Usually, customer priority is given the highest priority, but there will be scenarios when 
other types of requirement properties can dominate the customer's priority. In such scenarios, 
the priority of the feature stated by customer does not vary. Instead, testing schedule of that 
feature changes. “Say, in a product there are 5 modules, and there are customers for the 
whole product and also for individual modules. Say, the whole product has 1 customer, AND 
module 1 in the product has 3 separate customers and has a low priority with respect to the 
customer of the whole product; module (2,3,4,5) has 1 customer each and has higher 
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priority than module 1. So, while testing the product, even though the customer's priority for 
the whole product to module 1 is very low, it is given highest priority as we have to deliver 
module 1 to multiple customers. Project managers state this priority.” 
 
When asked if you combine multiple requirement properties in a single requirement-based 
prioritization technique, every interviewee said yes. However, when asked, why and which 
requirement property is utilized, the only answer was, “Yes, but what requirement properties 
we include varies from product to product. For example, we are testing all the features of a 
mobile phone in a single phase, and the customer states that xxx feature is more important 
for us, then it is given first priority. Parallelly, say, another feature yyy is updated, then 
modifications made to that requirement is also considered. If modifications in feature yyy 
affect the functionality of feature zzz, then traceability property is also included. So, here 3 
requirement properties are utilized for TCP technique which is customers perceived priority, 
requirements volatility (modifications made) and requirements traceability. Also, these 
priorities vary with the product demands, and with the tester’s intuition. So, it is impossible 
to state that giving priority in any particular sequence of requirement properties for testing 
the whole product can lead to the most appropriate prioritization technique. But it can be 
stated that priorities stated by customers, developers and testers decide the selection of other 
requirement properties because those features are focused, and traceability or modifications 
made, or size or other properties of those features are selected in TCP technique”. This 
interviewee says that depending on the products demand and customer requirements 
discussions are made among software team members who are involved with this product and 
by considering their experience and suggestions any requirement properties can be combined 
and utilized in a TCP technique. Requirement properties can only be considered based on 
factors such as product demands, requirement/feature being tested in a particular phase of 
testing, PG of the testing phase, discussions among software teams involved with that 
product and also, on organizations standards. These requirement properties may vary for 
every phase of testing. 
 

Figure 14: Codes and themes of RQ 2. 
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4.2.3 Describing the relationship between the categories.  
 

The connections between these themes are in the form of a process. This process shows the 
stages of selecting requirement properties for a requirements-based test case prioritization 
(TCP) technique for a product under test. Figure 15, depicts the results of the data analysis 
process in the form of a step by step decision-making process to formulate a requirements-
based TCP technique. In brief, the process of selecting requirement properties for a 
requirements-based TCP technique is that the theme ‘prioritization goals’ decides 
‘requirement properties,’ and their ‘combination with other prioritization approaches’. All 
this information formulates a required prioritization technique which ensures its PGs. The 
decision-making theme focuses on identifying what needs to be tested in the particular 
testing phase with respect to the availability of resources and product demands, this data is 
obtained by analyzing priorities of the requirements stated by the customers, developers, and 
testers. Resources refer to the aspects such as allotted testing time, budget, available 
information on the requirement/feature under test and there might be unknown attributes 
which have an effect on the process of testing. The categories are connected in the form of a 
process which is depicted in figure 15.    p p g

Figure 15: Results of the data analysis. 
   
When the testing phase of a product starts, what needs to be tested in a testing phase/ 
iteration is decided by having discussions among the team members involved with the 
product and other scenarios discussed in Decision making theme. Thus, PGs are formulated, 
and PGs with respect to decision making theme determines the selection of requirement 
properties, and if essential, their combination with other TCP approaches. Then, an 
appropriate requirements-based TCP technique is derived. The proposed TCP technique is 
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applied to a test suite and is evaluated using metrics. It was known that most of the 
organizations don’t evaluate their proposed TCP techniques as all the necessary criteria’s for 
testing the product are covered while prioritizing the TCs, and only then their PGs and TCP 
technique is formulated. But if the results of testing are not satisfactory, then the technique is 
evaluated, and mistakes are rectified. This is the connection between the themes from 
analyzing the interview data. 
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5 DISCUSSIONS 
 

This section details and maps the results obtained from SLR and analysis of the interviews 
data to answer RQ’s. The result of SLR answers the first part of RQ 1 and its sub-questions 
which aim to gain insights into requirements-based TCP techniques discussed in the existing 
literature. Analysis of the data obtained from the interviews answers the second part of RQ 1 
and its sub-questions which aim to gain insights into requirements-based TCP techniques 
utilized in software organizations. RQ 2 is answered by analyzing the SLR data and the 
interviews data. Moreover, the answer to RQ 2 is backed with findings from RQ 1. 
Answering the RQ’s: 
 
RQ 1: What are the TCP techniques which uses requirement properties to prioritize test cases 
identified a) in the existing literature and b) in the software organizations? 
RQ 1.1: What requirement properties are utilized by the identified TCP techniques? 
RQ 1.2: What are the PGs of the identified requirements-based TCP techniques? 
RQ 1.3: What metrics are used to evaluate the performance of the identified TCP techniques? 

 
RQ 1 and 1.1, 1.2 and 1.3 focuses on acquiring insights of requirements-based regression 
TCP techniques available in the existing literature and which are utilized by the software 
organizations. The above-mentioned RQs are answered by analyzing the data obtained in 
SLR and from the interviews. Requirement properties, along with that, merging multiple 
requirement properties and further combining multiple TCP approaches with the requirement-
based TCP approach, their PGs, and metrics were identified from the systematic literature 
review (SLR) are shown in table 2 and are detailed in section 4.1. From the analysis of the 
obtained data, requirement properties which were used extensively, rarely and very rarely 
were extracted and shown in figure 6. Goals for prioritizing test cases, their rate of 
occurrence was also extracted and depicted in figure 7. Metrics utilized in the articles and 
their usage frequency is depicted in figure 8. Results obtained from SLR and the interview 
data coincide to some extent, but by observing interview data, a wide range of understandings 
which lacked in literature was obtained.  
 
In the software organizations requirement properties to prioritize test case (TC’s) are 
determined to depend on the product demands with respect to the testing phase and its PGs. 
PGs are decided depending on the time allotted for testing. If there is an abundant testing 
time, then multiple PGs are formulated and PGs such as increasing code coverage and 
increasing fault detection rate is aimed. Whereas, if the testing time is limited then detecting 
sever faults is aimed. PGs are decided by having discussions between the project manager 
and software teams depending on the available resources and testing environment. 
Requirement properties and their combination with other TCP approaches are also decided by 
discussions between software teams and testing environment, depending on the PGs. In 
software organizations, metrics from the literature are very rarely utilized. Statistical reports 
and customers feedbacks are used to evaluate the TCP techniques. The metric APFD from the 
literature is the only metric which is used by multiple organizations.  
 
RQ 1.4: What are the similarities and differences of the identified TCP techniques? 
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RQ 1.4 focuses on comparing regression TCP techniques obtained from SLR and interviews 
to find any crucial information and evidence for determining the selection of requirements-
based TCP technique. By the mentioned comparisons, my anticipation was to identify the 
sequence of requirements-based TCP techniques in terms of their efficiencies, generalized for 
any software product. For answering RQ 1.4, the metric values and comparisons of the 
requirements-based TCP techniques with other TCP techniques are identified from the 
existing literature and tried to determine the efficiency order of one requirements-based TCP 
techniques over others. However, each TCP technique is measured on a different test suite’s, 
under different test environments with different evaluation methods which can be observed in 
table 2 and table 3. The metric values and comparison results differ in differing test 
environments [13]. From analyzing the existing literature, it was found that for a precise 
comparison between the TCP techniques, they should be applied on the same test suite and 
measured with one metric, which is very time taking the process and these results might not 
be same when the same TCP techniques are applied on the different test suite. Therefore, 
there is no way to compare evaluations of 2 TCP approaches by referring or analyzing 
articles from the existing literature. Therefore, the only comparable factor between identified 
TCP techniques is their requirement properties.  

 
By analyzing the data obtained from the interviews, it was known that, in the real world, most 
of the organizations don’t measure their TCP techniques with any metrics. Instead, they 
measure from the customer feedback and few with the statistical report. Comparisons among 
TCP techniques is also not possible as each iteration/phase of testing has different PGs and 
therefore different TCP techniques. If a proposed TCP technique could not reach its PGs then 
a new TCP technique is proposed by rectifying the flaws in the older version. Then both the 
TCP techniques are compared and documented to avoid such failures in the future. In 
software organizations, new TCP technique is formulated for every testing phase focusing on 
product demands and the TCP technique utilized reaches their goals effectively. However, 
there is always a possibility that using any other TCP approach instead of the proposed one 
will maximize or more effectively reach the PG and searching for a better choice is a 
ceaseless procedure. As long as the utilized TCP technique is reaching the goal, software 
organizations do not intend to compare their TCP techniques with other techniques or search 
for more efficient techniques.  
 
My anticipation on determining a sequence of requirements-based TCP techniques in terms 
of their efficiency with respect to all software products could act as impeccable evidence for 
RQ 2 results but, the data obtained from SLR and interviews contradicts my anticipation. 
However, the requirement properties and their utilization in different requirements-based 
TCP techniques from the existing literature and the interview data are analyzed, this analysis 
provided support for answering RQ 2.    
 
Analyzing the data obtained from SLR and data analysis of interviews, the applicability of 
requirement properties is rationalized. Among the identified 8 requirement properties the 3 of 
them, customers perceived priority, developers perceived priority and testers perceived 
priority are the deciding properties of the remaining 5, which are fault-proneness of the 
requirements, mandatory user requirements coverage, requirements volatility, size of the 
requirement and requirements traceability. The product demands and resources available for 
testing such as cost, time, available information and other entities which might affect the 
process of testing determines the 5 requirement properties other than customers, developers 
and testers perceived priorities. To utilize ‘mandatory user requirements coverage property’, 
information regarding customers priority of requirements is required to assess or prioritize 
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requirements which are mandatory to the users, here customers can be stakeholders, users or 
any other entities for which the software product is developed. Developers and testers 
intuition which is through experience and familiarity with similar software products is also 
considered and can be crucial for the successful testing without jeopardizing the 
organizational standards and resources. Mandatory user requirements coverage property is 
utilized when regression testing of the product is focused on testing a few requirements which 
are used extensively first than other requirements. To utilize ‘fault-proneness of the 
requirements property’, it requires testers and developer’s intuition on potential errors in 
requirements or its source code. The fault-proneness of the requirement property is utilized 
when the focus of regression testing is on testing fault-prone requirements first. To utilize 
‘requirement volatility property’ information on the modified parts of code or requirements 
from the developers is necessary. Moreover, if there are customers involvement/requests in 
the modification of requirements then that information might be crucial for utilizing 
requirements volatility property. Requirement volatility property is utilized when the focus of 
the regression testing is to test modified requirements first then other requirements. To utilize 
‘requirements traceability property’, the information from the developers on the life cycle of 
the requirements and the depended modules or dependent requirements is required. Utilizing 
traceability property with requirements volatility and mandatory user requirements coverage 
ensures that dependent modules of the modified requirements or mandatory user 
requirements are also sufficiently tested. Requirements traceability property is utilized when 
there are a greater number of dependent modules or requirements. To utilize ‘size of the 
requirement property’ the information on a number of lines of code of a requirement is 
required which can be obtained from the developers. According to product demands and 
available resources the priorities of the focus of regression testing a software product vary. 
 
Focusing on what needs to be tested in a particular regression testing the suitable requirement 
properties are selected, which is detailed in RQ 2 discussion. The discussed rationalized 
applicability of requirement properties provide support for answering RQ 2.  
 
RQ 2: How to select an appropriate requirements-based TCP technique which ensures the 
PGs under given testing scenarios?    

 
RQ 2 is answered by analyzing the data obtained from RQ 1. There are many different 
requirements-based TCP techniques as discussed in table 2. List of requirement properties 
used in requirements-based TCP techniques was identified along with their occurrence 
frequency which is depicted in figure 6. Among them, customers perceived priority is the 
most frequently used requirement property in the literature, followed by developers perceived 
and requirement volatility. Then comes fault proneness of requirement, traceability, coverage 
of mandatory requirements and size of the requirements. Depending on the testing scenarios 
these requirement properties are combined with the necessary aspects of many other TCP 
approaches to meet their PGs [10] [50] [3].  

 
This data coincides with the results of interview data analysis. The data analysis of interview 
data resulted that PGs depend on the testing time of the product. If there is a surplus or at 
least sufficient time, every module or requirement of the product can be tested adequately by 
considering the rate of fault detection or increasing code coverage goals. Even multiple PGs 
can be combined to enhance the quality of the product. However, if the time of testing is 
limited then only mandatory user requirements or finding sever faults first goals are 
considered. PGs plays an important role in deciding what requirement properties or their 
combination with other TCP approaches should be utilized in a TCP technique for a testing 
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phase. PG is not constant for all the testing phases of the software product. It varies for each 
requirement of the product being tested or each testing phase. With the change in PG, 
requirement properties utilized in the requirements-based regression TCP technique also 
change. It is very rare and uncertain that selecting a proposed TCP technique from the 
literature would perform exceptionally well for a product under test. Therefore, it is optimum 
to select requirement properties and their combination with other TCP approaches in a 
requirements-based TCP technique than selecting an already proposed TCP technique in the 
existing literature.  
 
As depicted in figure 15, for selecting an appropriate requirements-based TCP technique; in 
the first step, the PGs for TCP should be determined based on the availability of the resources 
and organizational standards. In the second step, the priorities of requirements/ features to be 
tested in a testing phase are collected by having discussions with the software teams involved 
with the product i.e. with the customers, developers, and testers. Among the stated priorities 
of the requirements, a prioritized list of requirements is determined based on the available 
resources and product demands. In the second step, the information regarding what needs to 
be tested for the requirement under test is also identified by analyzing 3 requirement 
properties with respect to the available resources and testing phase i.e., based on available 
information (source code, test historical data, testing tools and many other attributes), time, 
cost and product demands, the 3 requirement properties are: customer stated priority of 
requirements, developers stated priority of requirements, testers stated priority of 
requirements. In the final step, with the collected information on what needs to be tested and 
essential aspects which ensure the quality of the test or requirement under test and PGs, the 
remaining requirement properties can be selected accordingly. Depending on the testing 
phase, essential factors of other TCP approaches can be merged with the selected requirement 
properties in a requirements-based TCP technique.  
 
Since the information regarding the availability of test resources and product demands vary 
for every software product and software organizations, it is impractical to discuss the 
selection of requirement properties other than customers, developers, testers perceived 
priorities of requirements in a requirements-based TCP technique. With the change in product 
demands and available resources the need to include remaining 5 requirement properties 
which are, mandatory user requirements coverage, fault-proneness of the requirements, 
requirements traceability, size of the requirements and requirements volatility might vary, but 
selecting the 3 requirement properties, customers, developers and testers perceived priorities 
in a requirements-based TCP technique is always crucial and also determines selection of 
remaining requirement properties and their combination with other TCP approaches if 
necessary with respect to product demands and available resources.  
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6 CONCLUSION AND FUTURE WORK 
 

TCP is a technique which reduces the cost of testing while maintaining the quality of the 
product [25]. It allows ordering of the test cases in a way that the one with higher priority is 
executed prior to the other test cases in a test suite. These priorities are decided on the basis 
of PGs and also on different TCP approaches such as coverage-based, history-based, 
requirements-based, search algorithms-based and many more TCP approaches [25]. TCP can 
be utilized in the initial stages of software testing or in regression testing [19]. This research 
specifically focuses on requirements-based regression TCP techniques which use any of the 8 
requirement properties to prioritize test cases which are: customers perceived priorities, 
developers perceived priorities, testers perceived priority, requirements volatility 
(modifications made), size of the requirements, fault-proneness of the requirements, 
Mandatory user requirements and requirements traceability. If necessary, depending on the 
test scenarios these requirement properties can be merged with other TCP approaches to 
reduce the complexity of the TCP technique in reaching it's PGs [48]. There are numerous 
TCP techniques proposed in the literature. Selecting a sub-optimal TCP technique for testing 
a software might lead to wasting the resources. Moreover, very less research was done on 
selecting one appropriate TCP technique for a given system under test. Every TCP technique 
of every TCP approach has its own advantages and disadvantages which vary depending on 
the test suite, test scenarios and product demands, therefore, selecting an appropriate TCP 
technique from all the available TCP techniques of all the TCP approaches is chaotic. Hence, 
this research focusses on selecting an appropriate requirements-based TCP technique for a 
given system under test.  

 
Results from SLR helped in gaining insights into the existing research on requirements-based 
TCP techniques, but no weighted solution for selecting a TCP technique could be found. To 
investigate this, interviews are conducted to the people working in this domain of the study.  

 
From the literature, it can be deduced which requirements properties, PGs and metrics are 
mostly utilized by the researchers and from the interviews, it was known that PGs are defined 
acknowledging the product demands and available resources for the testing phase of the 
product. To reach their PGs the required requirement properties are selected to form a 
requirements-based TCP technique. The requirements-based TCP technique can be a 
combination of any sequence of one or more requirements properties or their combination 
multiple TCP approaches. These PGs and TCP technique may vary for every testing phase of 
the product depending on the resources and testing scenarios.   

 
From this, it is explicit that one TCP technique is inappropriate for an organization, even for 
various software products and in some scenarios even for all testing phases of a single 
software product [14]. It can only be deduced depending on what needs to be tested in a 
particular testing phase of a product. Discussions among the priorities of the features/ 
requirements stated by the developers, the customers, and the test lead decide what is needed 
to be tested in a particular testing phase, their critical aspects which affect the quality of the 
product and priorities of the critical aspects with respect to available resources. Requirement 
properties to be included in a requirements-based TCP technique are focused on the 
requirements/ features under test and test scenarios of that particular testing phase i.e. product 
demand and PGs of a particular testing phase with respect to the available resources for 
testing. Therefore, combining vital priorities obtained by customers perceived priorities, 
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developers perceived priorities and test managers perceived priorities leads to choosing other 
suitable requirement properties for a particular testing phase. Therefore, initially, a 
requirements-based TCP technique should have 3 requirement properties which are 
customers, developers and testers perceived priorities. Having discussions on these 3 
requirement properties and on available resources, the utilization order of the 3 requirement 
properties is known, and along with other requirements properties or other TCP approaches 
can be selected in the requirements-based TCP technique. The process in which a 
requirement property leading to select other requirement properties can be observed in 
examples given by the interviewees which are stated in analysis RQ 2 in sections 4.2.2.5.   

 
This research was confined to select an appropriate requirements-based regression TCP 
technique, but after completing this research and gaining insights of TCP in software 
organizations it was understood that by following these results, i.e. having discussions 
between teams involved with a software product regarding what requirement/feature to be 
tested in the present testing phase, critical aspects which needs to be tested, availability of 
resources and product demands, an appropriate TCP technique among any TCP approaches 
can be chosen for a given software product under test.  
 

6.1 Contribution 
 

There are hundreds of regression TCP techniques discussed in the existing literature. But, 
there is not much literature which focuses on selecting a TCP technique. The research in the 
article [14] and [13] focuses on the selection of TCP technique. In an article [14], an 
algorithm is proposed for selecting an apt TCP technique, it compares few randomly selected 
TCP techniques existing in the literature based on coverage of product characteristics and 
selects one technique which has maximum product characteristics coverage. But if promising 
TCP technique is not among the list of compared TCP techniques the process should be 
repeated on another set of randomly selected TCP techniques from the literature. Instead, the 
proposed method in this article can be used to evaluate the requirements-based regression 
TCP technique selected by the method proposed in this thesis in terms of its product 
characteristics coverage. The evaluation result can confirm the appropriateness of the selected 
requirements-based TCP technique with respect to available resources, product demands, and 
PGs. The article [13] proposed 2 metrics to select cost-effective TCP technique focusing on 
functional-coverage based TCP techniques by applying few randomly selected TCP 
techniques from the existing literature on a test suite and measure them using the proposed 2 
cost-based metrics. The TCP technique with the highest metric value is chosen, but if the 
promising TCP technique is not in the list of measured TCP techniques, then the whole 
process should be repeated on a new set of TCP techniques and the selected TCP technique 
might not have same effectiveness when applied on the product under test.  
 
The above-mentioned researches on the selection of one appropriate TCP technique are 
modeled to select a TCP technique from a small repository of few TCP techniques. TCP 
techniques available in a repository are evaluated on a test suite and are measured. Then the 
TCP technique which measures the highest is selected. The drawback of these methods is that 
it is impossible to apply hundreds of available TCP techniques on a test suite, measure and 
compare them for choosing the most appropriate TCP technique among them for a software 
product. And the selected TCP technique might not be appropriate for another similar 
software product or in some cases it might not be appropriate for all test phases of one 
software product, in this case, the whole process should be repeated for every testing phase of 
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the product under test. Therefore, instead of utilizing methods discussed in 2 articles, [13] 
and [14], utilizing the method proposed in this thesis for selecting requirements-based TCP 
technique saves this repetitive process and delivers a requirements-based TCP technique 
which is appropriate for available resources, product demands, and PGs.  
 
Moreover, from the results of this research, it was known that it is not optimum to directly 
utilize available TCP techniques from the existing literature. Instead, the required aspects of 
those TCP techniques are considered to meet their testing scenarios and a suitable TCP 
technique for every phase/iteration of testing should be selected. Moreover, as long as the 
proposed TCP technique yields satisfactory results they do not strive for more efficient TCP 
techniques.  
 
Data obtained from SLR gives insights of all the requirement properties, their usage 
frequency, PGs and metrics utilized by the requirements-based TCP techniques in the 
existing literature. In this thesis, the SLR performed is specific to requirements-based 
regression TCP techniques, which is the first SLR in the existing literature to focus on one 
specific regression TCP approach, i.e. a requirements-based TCP approach. There are many 
requirements-based regression TCP techniques in the literature which discusses the proposed 
technique and its evaluation, but there is no article/journal which discusses the systematic 
review of the requirements-based regression TCP techniques. And, the SLR performed in this 
thesis gives information about all the requirements-based TCP techniques in the literature, 
their requirement properties based on which TC’s are prioritized, usage frequencies of those 
requirement properties among all the requirements-based TCP techniques in the literature, 
their PGs and their occurrence frequencies, evaluation methods and their results of the 
requirements-based TCP techniques in the literature are thoroughly investigated and are 
mentioned in the related work and results sections of this thesis.  
 
In this research, subjective opinions of practitioners on TCP are combined with evidence to 
translate research-based evidence for 2 RQ’s. Context-specific results are produced for the 
practitioners regarding how to select a suitable requirements-based TCP technique for their 
system under test in its testing environment. The process of selecting requirement properties 
for a suitable requirements-based TCP technique can be generalized to select TCP techniques 
from other TCP approaches also. Moreover, these references can be utilized to conduct 
research on requirements-based TCP.  
 
Since research on selecting a TCP technique is limited, the opinions of the practitioners 
collected through interviews will be an important contribution to the literature and as a base 
for future academic research. Results of SLR on requirements-based TCP techniques can be 
utilized by other researchers also.  
  

6.2 Future Work 
 

As a part of future work, an algorithm or a tool should be developed which takes experience 
of the team members and product characteristics as input and generates an effective TCP 
technique with respect to the feature under test similar to the one proposed manually, i.e. by 
having discussions on priorities of the features stated by customers, developers, testers and 
project managers. As the experience of team members are usually documented after finishing 
every project, the similar project’s data can be given as input to the tool. 
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APPENDIX A 
Interview Questions  
 
General Information 

 
1. Can I have a brief introduction about yourself. 
2. Could you please tell me about your organisation? 
3.  your working experience in it? 

 
4. So, what are you building and testing here in your organisation?   

 Aim of this interview: With this interview I would like to know how you select or opt any 
prioritization technique for a given system under test. Especially this research aims towards 
Requirements based/product features based prioritization techniques.  
                                           (the term Requirements here means features in the software product) 

    
Information for the research 
 

5. Can you tell me what are the requirements-based prioritization techniques used in your 
organisation?  

        
              {                   
                      points to be covered in this interview question:  

a) What requirement factors are utilized for prioritizing test cases in your organisation? 
                For reference:  Factors identified in literature  

 Customer perceived priority of requirements:  
 Developer perceived code implementation complexity. 
 Changes or modifications in requirements (requirement volatility).  
 Size of the requirements.  
 Fault proneness of the requirements.  
 Mandatory user requirement coverage.   
 Requirement traceability. 

 
6. Do you include multiple requirement factors in a prioritization technique? And why?  
7. Any single factors won’t be enough? 
8. What are your most frequent prioritization goals? / What are your usual aims for prioritizing 

test cases?   

                                     Prioritization goals identified in literature: 
• Testers may wish to increase the test suites’ rate of fault detection.  
• Testers may wish to reduce the cost of testing a test suite.  
• Testers may wish to reduce the execution time of a test suite.  
• Testers may wish to increase the code coverage of the product to make 

sure that most of the code is tested in given testing time.  
• Testers may wish to maximize the assurance of the reliability of the 

software product. 
• Testers may wish to increase the rate of finding high-risk faults early in 

the test suite. 
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• Testers may wish to find the faults associated with code modifications. 
 

9. Do you combine multiple prioritization approaches?  
                    Such as: For prioritizing test case, Requirements factors + (Coverage based/ 
history based/ search algorithms based prioritization techniques etc.)  
 

10. How will you know which prioritization approaches should be combined or utilized? And 
why? Why do you combine multiple approaches, any single approach won’t be enough?  

                            

                    } 
 

11. Do you measure the efficiency of a proposed prioritization technique?  When do you measure 
or evaluate a TCP technique? 
 
      {  

a. How do you measure the efficiency of a prioritization technique? / what are the 
metrics used for calculating the efficiency of the utilized prioritization technique? 

 
 
   
                      Metrics identified in the literature are:  

 APFD- Average percentage of faults detected (it is used in 75% of the 
articles in literature) 

 APFDc- Cost Cognizant Average percentage of faults detected 
 F-measure 
 Relative position 
 APSC- Average percentage of statement coverage 
 ANOVA- Analysis of variance 
 ANCOVA- Analysis of covariance  
 NAPFD- Normalized average percentage of faults detected 
 NAPFDc- Cost cognizant normalised average percentage of faults 

detected 
 AUC-area under curve metrics  
 HMFD- Harmonic mean of rate of fault detection 
 TSFD- total severity of faults detected 
 ASFD- average severity of faults detected 
 WPFD- Weighted percentage of faults detected 
 TOD- test ordering diversity 
 HV- hyper volume 
 APCC- Average Percentage Condition Coverage 
 APBC- Average Percentage Branch Coverage 
 APLC- Average Percentage Loop Coverage 

 
 
             } 
 

12. How can you be sure that the utilized prioritization technique (Requirements based 
prioritization technique) is the most effectively applicable/ appropriate for a system under 
test? 
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                  {how can you be sure that any other prioritization technique cannot be as good  
as the utilized one for achieving its prioritization goals}    
 

13. if your prioritization technique doesn’t prove to be efficient then what will you do to rectify it 
or improvise it before delivering the product and after delivering the product?  
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APPENDIX B 
 
Snowball sampling inclusion criteria’s 
 
First level inclusion criteria’s: 

 
 
Second level inclusion criteria: 
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APPENDIX C 
 
 
Examples of Codes and Themes in Data Analysis Process: 
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