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ABSTRACT 
 
 

Context: In recent times, many organizations have started using agile software development 
methodologies instead of using traditional methodologies. The main reason for this shift is the ability 
of agile approaches to cope with changes in the requirements, customer satisfaction and assurance of 
on-time delivery of quality products [19]. Test-Driven Development (TDD) is a software development 
methodology that is considered to be one of the most prominent practices of eXtreme Programming 
(XP) (an agile methodology) [1][9][10]. Test-list in TDD is considered as a temporary repository in 
which test items are stored and later by using those items test cases are developed. Requirements 
Traceability is also a major problem in agile development mainly because of lack of formal 
requirements specification and frequent requirements change.  
 
Objectives: This study explores the utilization of test-list and possibility of using test-list for 
requirements traceability in TDD. This study describes concept of test-list, its formation and exploring 
its utilization in TDD. Methods for implementing requirements traceability in and identification of 
possibility of utilizing test-list for requirements traceability in TDD is also explored. 
 
Methods: Methods used in this study are systematic literature review, surveys and interviews. 
Systematic literature review was done using seven electronic databases, including Inspec, IEEE 
Xplore, ACM Digital Library, Springer, Science Direct and Scopus. Studies were selected on the 
bases of preliminary, basic and advanced developed criteria. Survey was conducted using online 
questionnaire from TDD practitioners. Findings from literature review and surveys were used to 
develop interview questionnaires. Interviews were conducted from the same practitioners that were 
involved in surveys. 
 
Results: Based on the findings of literature review, questionnaire and interviews, we obtained TDD 
practices for test-list development and requirements traceability. Analysis was performed on results of 
SLR and questionnaire and possibility of using test-list for requirements traceability was identified. 
Based on the analysis of literature review and surveys, interview questionnaire were developed to 
further investigate the area of interest. We have found that in literature there is no defined method to 
develop test-list. and survey participants also confirms it. Majority of survey participants create test-
list temporarily and informal. On question of whether test-list can be use for requirements traceability 
around 70% of participants are agree for its use. Interview respondents also confirm the findings of 
survey.  
 
Conclusions: Literature has not provided any test-list development method and practitioners also 
have no clear guideline to develop test-list prior to Test development. Systematic literature review and 
practitioner’s survey and interviews confirm it. Literature is also silent for any specific requirements 
change management or requirements traceability method in TDD. We identified requirements 
traceability practices in agile and management through literature and survey. After analysis of 
gathered data we found TDD lacks in test-list formalization, none of the study focuses on 
requirements traceability in TDD. In this study our contribution is exploration of test-list creation and 
utilization through literature and state of the practice; after practitioners feedback we also explored 
that test-list can be used for requirements traceability. 
 
 

 
 

 
Keywords: Agile, Extreme Programming, Test-Driven 
Development, Test-list, Requirements Traceability.  
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Test-lists Utilization in Test Driven Development: The Role of Test-
lists in Requirements Traceability 

 
Hassan Mahmood Khan, Ibrar Arshad 

 

1. INTRODUCTION 

In recent times, many organizations have started using agile software development methodologies 
instead of traditional methodologies. The main reason for this shift is the ability of agile approaches to 
cope with inevitable changes in requirements, customer satisfaction and assurance of on-time delivery 
of quality products [19]. Test-Driven Development (TDD) also referred as Test-First Design, Test-
First Programming, and Test-Driven Design [67], is a software development methodology which is 
considered as one of the most prominent practices of eXtreme Programming (XP), an agile 
methodology [1][9][10]. In TDD, as its name suggests, development is carried through testing, i.e. test 
cases are written before actual implementation of functionality. For specific product feature, test-lists 
are created from requirements through brainstorming to develop unit tests [2]. Customer requirements 
or user stories (scenarios provided by users) are used to create test-lists that contain test items. From 
these test-lists, unit tests are developed and executed one by one. After implementing every product 
feature, code is refactored. The cycle continues until all product features are implemented along with 
code refactoring. TDD is more suitable for small to medium projects with co-located teams whereas it 
is challenging for large projects [11]. 

1.1. Test Driven Development 
 
Test-driven development (TDD) is an agile development practice in which development is carried 
through testing. An overview of TDD cycle has been provided in previous section. There are different 
activities which are performed between creation of unit tests and code refactoring. These activities 
are:  
Development of unit test: Developers are required to develop automated unit tests based on 
requirements that can be in any form (story cards, use cases).  
Test Execution: All written tests are executed and result is checked for newly added test as it should 
fail. 
Code Writing: Code is developed for the test so that when it is executed, it should pass. This process 
can also be called as “writing implementation for unit test”.   
Code test: After implementing unit test, all tests are executed again and it is ensured that tests written 
for new functionalities should pass.  
Code Refactor: This step is to ensure code cleanness from any duplication and also considers the code 
for any functionality damage. Figure 1 presents above mentioned activities in the way those are 
performed in TDD [2][20]. 

1.2. Unit Test  
 
The smallest testable part of an application is called unit. Unit test is test through which units of 
source code are tested for their desired functionality. A unit is comprised of entire module, function or 
procedure in some procedural programming, or an entire interface like a class in an Object Oriented 
Programming (OOP).  In general, unit tests are developed and executed by software developers to 
testify expected design and behavior of generated code. Unlike traditional software development, 
TDD emphasizes on test first development and relies on repetition of short development and testing 
cycles. Beck [2] presented patterns to write good and effective unit tests for TDD. Brief descriptions 
of some TDD patterns are as follows:  

• Test n: unit tests runs many times and need more iterative execution time (run by developer 
and most often) so automate the unit tests.  

• Isolated test: run the unit test independently to find its actual behavior and one should be 
able to reorder it.  

• Assert test: unit test should clarify its purpose. It should address belonging functionality, 
expected outcome.  
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• Test data: in unit test execution use data that makes them easy to read and to understand.  
• Evident data: use of real data during test as it need to.  

In a Test Driven Development cycle, a unit test needs to pass through two states. According to Beck 
[2], these states are: 

• Red: test development and make it fail 
• Green: pass the test by any desired mean 

Palermo [47] discussed some of characteristics of unit test in TDD. According to him unit tests should 
be fast and isolated as it need to run often. The intention of test must be clear and obvious to other 
personnel, so that they can also understand, run and utilize without any difficulty.  

1.3. Test-list 
 
In TDD, as mentioned before, test cases are written before implementing them. This test case 
development before their implementation arises certain questions like from where to start, what should 
test and in which order. To answer these questions, all the test items are written in a list which helps 
developers to keep track the project till its successful completion [2]. According to Beck[2], it is more 
related to writing down everything that needs to be completed in a project session and without a fear 
of forgetting anything, similar to task lists of daily life hanged on a wall with a pin.  
 
Following is an example of creating a test-list for a stack that will help in understanding concepts of 
test-lists in TDD in a better way. 

• Create a stack and check that isEmpty is true 
• Push an object and check again that isEmpty is false 
• Pop an object and check that isEmpty is true 

 
Above example of test-list contains only three test items and from them unit tests can be created. Now 
important question is that how we can choose first test from the test-list. Some of practitioners think 
that simplest test item should be chosen from that test-list [1]. The reason behind choosing simplest 
test is that it helps in getting one started and also solves a small part of a problem. If we follow that 
approach of choosing simplest item first, we can choose first item i.e. creating an empty stack and 
verify that isEmpty (a function that returns ‘true’ whenever stack is empty) is true. Another approach 
that some practitioners use is by choosing an item that describes the main essences of what one is 
trying to accomplish [1]. In our example of stack, ‘Push’ and ‘Pop’ are both main essences of any 
stack, so an item that contains both ‘Push’ or ‘’Pop or any one of them should be selected first. In our 
case, we can choose any of the ‘Push’ or ‘Pop’ function from test-list and check isEmpty is true or 
false.  
 
Test-list is not static, rather it is editable in accordance with  the tests that need to be implemented 
based on the requirements. For instance, during ‘push’ or ‘pop’ test, we can think of a single test that 
involves both of them simultaneously like “Push an object, remember what that object is, pop an 
object and check the two object are equal or not”.  Usually, a test-list addresses following three 
operations [2]. 

• Operations that don’t already exist (new tests)  
• Operations that need to be implemented (Code)  
• Code components that need refactoring  

 
It is not necessary to write list items (test cases) at once. Usually all the test items that are currently in 
the mind of developer who is creating it, are listed down in the test-list and more items are added 
whenever they are required to because of code components refactoring, adding new operation or 
change in requirements.  

1.4. Requirements Traceability 
 
Requirements traceability is one of the essential activities of requirements management. It is used to 
track relationship among every unique requirement, its source and implementation impact [14]. 
Requirements traceability is a bidirectional process and is defined as “the ability to describe and 
follow the life of a requirement in both forward and backward direction” [15].  
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Requirements traceability deals with requirements change management; impact and analysis of 
requirement changes on test-cases, code and vice versa. It also deals to simplify and straighten the 
verification process for requirements by increasing accountability [16]. Different requirements 
traceability techniques have been discussed by Hull [17] for system development projects. Traditional, 
automated and lean traceability methods to find the answer of “How much traceability is enough” and 
“What kind of traceability provide cost effective solutions?” has also been discussed in [21].Agile 
development is more code-oriented and adaptive whereas traditional software development process is 
more predictive [18]. Due to this difference, requirements management is treated differently in both 
tradition and agile development. Agile technique TDD does not specifically talk about requirements 
engineering, requirements management and requirements traceability. It uses interviews, 
brainstorming and story cards for requirements elicitation but does not explicitly define a way to 
manage requirements traceability [18]. According to Beck [2] TDD first step is to brainstorm the 
requirements and form the test-list for test-cases before development. Test-list is not static and after 
implementing the test, test-list may change for the new tests but he didn’t say anything about test-list 
in case of changes in requirements.  

2. BACKGROUND 
 

Test driven development consists of small and rapid iterations that contain automated unit tests before 
development of functional code. Unit test writing and execution is difficult, time consuming and 
requires a lot of budget [13]. For this reason, different automated test generation and execution 
processes have been developed. In automated testing, unit tests writing is done as code and execution 
of that code in any framework like Junit or Rspec[11][12]. Unlike traditional development, in TDD 

Figure 1: Test Driven Development 
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unit tests can be developed by same developer or can be done by tester i.e. tests are executed by the 
programmer before and after the written code [13].  
 
TDD is gradually gaining interest of practitioners and researchers as it leads to the quality 
improvement of the code by emphasizing on unit testing. Canfora [3] consider TDD as preliminary 
method of code assessments during development and use of unit testing is also considered as design 
strategy. Through experiments, he compared TDD with Testing After Coding (TAC), and the results 
show that TDD is more costly and time consuming due to iterative processes however it has been 
accepted that TDD improved unit testing quality by improving accuracy and precision of test cases[5]. 
George [4] also conducted experiments with professionals in comparison to TDD and waterfall model 
development and found results that TDD provide higher quality code which passes 18% more 
functional black box test cases and also it took 16% more time to apply TDD comparatively [4]. 
Spacco and Pugh [6] used TDD in academic perspective and to make students able to write test cases 
prior to development for better development. Bowyer and Hugges [5] conducted experiment in 
controlled environment for agile practices, Continuous Integration (CI), pair programming and TDD. 
The results showed TDD and CI practiced well in industry styled environment with acceptability to 
this method. Kollanus and Isomöttönen [7] conducted two experiments in educational context and 
present results for TDD as a good experience, useable in future and helpful in good quality code. They 
also conclude it as more time, cost consuming and non applicable to all projects and difficult to adopt 
[7][ 8]. 
 
Most of the literature available on TDD is about its industrial evaluation and efficiency but it doesn’t 
explicitly describe requirements management and requirements traceability [18].The role of test-list is 
defined as dynamic that is created for test-case generation and destroyed / wasted afterward [2]. 
Requirements traceability can be implemented in TDD by directly mapping requirements to test cases 
but literature doesn’t talk about use of test-lists for requirements traceability in TDD. It might be 
beneficial to use test-list for requirements traceability instead of wasting it after developing test cases. 
This study will be helpful in identifying the practices used to develop test-list from requirements and 
its utilization in TDD. The possibility of using it for requirement traceability in TDD will also be 
explored during this study. 

3. RELATED WORK 
 

There are very few studies in literature that are related to implementing requirements traceability in 
Test Driven Development. As TDD is an agile practice, therefore it was decided to include all those 
studies in our work that were related to requirements traceability in agile development as well. Related 
studies show requirements traceability is considered as important quality attribute but less practiced in 
agile in general and in TDD specifically. 
 
TDD is one of those agile methodologies in which more emphasis is on testing and on test code 
development [37]. TDD obeys the rule of writing tests prior to coding and makes the code more 
understandable and maintainable. This methodology works in small and continuous iterations and 
continuous integration of new code without compromising code quality through refactoring [37].  
Extreme Programming (XP) [8][33] is a light-weight agile methodology widely-known and used in 
projects with uncertain or frequent changing requirements. Unlike traditional development practices 
where we have well defined artifacts, XP relies on a sort of evolutionary style where implementation 
and evaluation of executable code are given priority over a comprehensive documentation. XP 
practices also make efforts to keep procedure easy and cost of changes as low as possible [4]. An XP 
practice is based on five important rules 1) Planning 2) Managing 3) Designing 4) coding 5) Testing. 
Each rule describes guidelines to each step of XP practices. 
 
Agile development is group of simple development practices that combines developers, managers and 
customers. Applications evolve as the requirements change with time and agile methodologies 
provides solution for development refactoring and testing. XP more emphasizes on requirements 
changes and refactoring. It improves code quality and increases functionary while reduces the code 
volume. Code refactoring covers whole development process i.e. unit, acceptance, regression testing 
and redeployment. Due to this factor, agile methodologies are not suitable for large IT projects and 
considered as time consuming and error prone [45]. 
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TDD is an emerging development methodology that works on rapid succession over multiple 
iterations of automated units tests, development and refactoring [40]. In TDD, requirements are 
normally captured as user stories or use cases and are recorded accordingly. A method was developed 
by [40] on the bases of recorded numbered requirements. In this method, automated acceptance tests 
include direct reference to the specific requirement whereas in TDD process, partial Requirements 
Traceability Matrix (RTM) is formed through accessing all versions of the artifacts and the ability to 
match versions of the artifacts correctly [40].  Janzen and Saiedian [12] have conducted case studies in 
academia in industry on effects of TDD using controlled experiments and found that TDD increases 
both the quality of the code and the development team productivity. In another study [48], these 
researchers compared the effects of test-first and traditional test-last methods on the basis of code size, 
complexity, coupling and cohesion [31]. 
 
Requirement engineering deals with elicitation, specification analysis and validation of system 
stakeholders. A study conducted by Kristina et al. with participation of 25 anonymous practitioners of 
software industry presented different requirements engineering approaches and through survey found 
some properties to improve their usability; one of them is strive for relations among requirements and 
requirements management [36]. Statistics shows customer expectation are not fulfilled towards 
requirements in most of the projects and delivered only with 42% to 67% requirements [33]. To cope 
with the schedule and budget; projects are developed creating domino effects that produce ultimate 
result of lack of requirements fulfillment. Agile and extreme programming is good practices that work 
closely to the stakeholders throughout development process and interpret requirements more 
accurately [33]. 
 
Requirements traceability is credited as “critical success factor” in software development process [49] 
and lack of effective traceability is one of the major causes of persistent problem in software industry 
projects [54]. This technical problem is based on social problems i.e. internal politics, lack of 
communication between groups, and unclear understanding of artifact ownership [50]. A 
comprehensive and successful traceability solution provides base for many benefits i.e. system 
comprehension, impact analysis, system debugging [52][54].  Some standards and government 
agencies make it mandatory to follow requirements traceability, and due to high costs [53] it is less 
feasible for many projects to practice requirements traceability [38]. Requirements Traceability is 
important part of software development. In some projects i.e. to maintain standards or government 
agencies project require traceability but current techniques don’t fully support end-to-end traceability. 
Wonderware; a mid size 250 employees software development company developed an end-to-end 
traceability tool by using process-oriented approach [38]. This tool provides traceability that covers 
whole life of a project i.e. from the requirements phase to the test phase. The concept of end-to-end 
traceability is trace requirement within different phase-specific manifestations linked together across 
the life cycle [38].  

There is some work in non-referred (gray) literature regarding TDD and requirements traceability in 
agile. Microsoft presented automated unit test generation in their development tool visual studio (VS) 
for TDD. It emphasis on practicing TDD using its tool by following these steps 1) Creating and 
running automated tests inside the VSTS IDE 2) Abstracting dependencies in an object-oriented world 
3) Code Refactoring for new and old features 4) Unit Test development 5) Organization of units tests 
into Test Lists 6) selected unit test execution [47].   

4. RESEARCH METHODOLOGY 

4.1 Research Questions 
 
The primary aim of this study was to explore the utilization of test-list in TDD in literature and in 
software industry. The possibility of using test-list for requirements traceability in TDD was also 
explored in this study. In general, the aims of the study were to:  
• Identify practices to develop test-list i.e. from explicit requirements, user story etc  
• Identify the utilization of test-lists in TDD  
• Identify requirements traceability implementation in TDD  
• Explore the possibility of using test-list for requirement traceability  
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Table 1 presents an overview of the proposed research questions that were later answered in this 
study. 
 

Table 1: Study Research Questions 

 Research Question Objective 

RQ1 What are the different methods to 
develop test-lists in TDD? 

To identify the body of knowledge of eXtreme 
Programming (XP) practice TDD. This question 
will be answered using sub questions RQ1.1, RQ1.2 
and RQ1.3  
 

RQ1.1 Which methods to develop test-lists 
in TDD are proposed in the 
literature? 

To understand the methods or mechanisms in 
literature to develop test-list. 
 

RQ1.2 How practitioners develop test-list 
from requirements in TDD?  

To identify how practitioners perceive test-list and 
how it is form and utilize in their projects. 
 

RQ1.3 How test-list is utilized in TDD 
practice and what benefits are 
achieved? 

To identify and understand how practitioners keep 
test-list to them and utilize and take benefit of it in 
TDD process. 
  

RQ2 How requirements traceability is 
implemented in Agile/ TDD? 

To understand the way (s) to which requirements 
traceability is managed and recorded in TDD. 
 

RQ2.1 What techniques are available in 
literature about requirements 
traceability in TDD? 

To identify the methods, tools, mechanism for 
requirements traceability in TDD. 
 

RQ2.2 How practitioners manage 
requirements traceability in TDD? 

To identify and understand methods or way of 
recording, managing and tracing requirements 
during TDD by software industry practitioners. 

RQ3 Are test-lists beneficial for 
requirements traceability in TDD? 
(based on findings of RQ1 & RQ2) 

To analyze retrieved test-list development 
method(s) and requirements traceability method(s) 
in TDD from literature and practitioners. Evaluation 
of test-list utilization for requirements traceability is 
objective of this RQ3. 

 

 
Figure 2: Research Questions Flow 
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4.2.  Research Methodology 
 
The expectation and goal of our research was to explore the possibility of test-list utilization for 
requirements traceability. To get deep understanding of test-lists creation to its utilization for 
requirements traceability in TDD, we used an exploratory research [55] method. As in our study, we 
have explored the concepts of test-lists and requirements traceability in TDD from both literature as 
well as from industry, thus we have divided our research questions into  two different tracks i.e. State 
of the Art and State of the practice and developed our research methodology accordingly. 
Methodology used in our study is presented in Figure 3. 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.2.1.  Research methodology and selection rationales  
 

Main research questions in our study were further divided into sub-questions as presented in Table 1. 
In this section, research methodology that was used to answer each question and rationale behind 
using it has been discussed. 

For RQ1.1 and RQ2.1, Systematic Literature Review (SLR) was used to identify test-list creation 
mechanism(s), benefits achieved and methods for implementing requirements traceability in TDD 
available in literature. SLR can be used to explore, classify and to make analysis of existing research 
related to topic under interest [59]. Moreover, it also helps in gathering background knowledge on the 
topic that is being discussed. SLR in our study is performed under the guidelines provided in [59]. The 
steps followed in conducting SLR are discussed in detail in Section 5.  

RQ1.2, RQ1.3 and RQ2.2 were answered by sending questionnaire to practitioners and recording their 
views. The rationale behind using questionnaire is that there wasn’t much literature available that 
explain concept of test-list and methods for implementing requirements traceability in TDD. 
Moreover, we also wanted to record the views of different practitioners about how test-list is created, 
utilized, benefits achieved from it and how requirements traceability is implemented in TDD. 
Interview could also have been used as alternate for survey as it provide more detailed knowledge 
about the processes and methods that actually being practiced in industry. We have decided to conduct 

Validation Analysis

State-of-the-Art State-of-the-Practice 

Systematic 
Literature Review 

(Reviewed and 
Gray literature) 

 
Survey  

 

Survey Findings 

Conclusion 

SLR 
Findings 

Analysis 

 

Interview 

Figure 3: Research Methodology 
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survey for data gathering from the practitioner at first stage from maximum respondents.  Advantage 
of conducting survey questionnaire was that in limited time we were able to access practitioners round 
the globe to get their feedback for this study. 

RQ3 was answered by using the findings from SLR and Questionnaire and by performing conceptual 
analysis on them and follow-up interviews to survey respondents. After survey respondent’s feedback 
and literature findings we developed another questionnaire and conducted Interviews. The aim of the 
interview was to get reasoning and explanation of the survey answers with respect to research 
questions. For analysis of gathered data we used conceptual analysis; that is a type of Content analysis 
in which certain type of textual data is classified based on similar chunks [57]. The main advantage of 
performing conceptual analysis on SLR and Questionnaire findings was that it provided a clear picture 
of actual event by looking at the communication directly [57]. Moreover it can be used in both 
qualitative and quantitative processes. Conceptual analysis consists of following 8 steps that were 
followed [57]. 

• Deciding the level of analysis. At first step it is decided either an individual words or phrases 
will be analyzed. 

• Deciding how many concepts to code for: This step decides either to 1) use predefined 
concepts or categories or 2) use interactive set of concepts. 

• Deciding whether to code for existence of frequency of a concept: This step decides either to 
use existence (instance) or use frequency of concept. 

• Deciding on how to distinguish among concepts: In this step researcher decides concepts 
with same idea are coded or recorded in a group or record in separate groups. 

• Developing rules for coding the text:  This step defines set of rules to record concepts 
consistently. 

• Deciding what to do with ‘irrelevant’ information: This step deals with irrelevant information 
related to study. Here it is decided either to ignore or re-examine this piece of information. 

• Coding the texts. After deciding rules and concepts for selected information, actual coding or 
recording is done. 

• Analyzing the results. As the last step of the process after coding or recording it is examined 
that either conclusions or generalization are possible or not. 

 
Table 2: Research questions and methodology used 

 Research Question Objective 

RQ1 What are the different methods to develop test-lists in TDD? 
RQ1.1 Which methods to develop test-lists in 

TDD are proposed in the literature? 
Systematic Literature Review 
 

RQ1.2 How practitioners develop test-list from 
requirements in TDD?  

Questionnaire 

RQ1.3 How test-list is utilized in TDD practice 
and what benefits are achieved? 

Systematic Literature Review & 
Questionnaire 
  

RQ2 How requirements traceability is implemented in Agile/ TDD? 
RQ2.1 What techniques are available in literature 

about requirements traceability in TDD? 
Systematic Literature Review 
 

RQ2.2 How practitioners manage requirements 
traceability in TDD? 

Questionnaire  

RQ3 Are test-lists beneficial for requirements 
traceability in TDD? (based on findings of 
RQ1 & RQ2) 

Interviews / Conceptual Analysis 

5.  SYSTEMATIC LITERATURE REVIEW 
 

Systematic literature review is an organized way of collecting primary studies for the purpose to 
identify, evaluate and represent to answer a predefined research question or a problem domain with 
the attributes of unbiased and repeatable[59]. This is used as one of the tools to support evidence-
based paradigm and also combine experiences gained from a range of different studies in order to 
answer a specific research question [59]. 



  18

Kitchenham et al [59] presented guidelines for systematic literature review and consist of three major 
phases that are: 
 

• Planning the review:  this phase identifies the need of systematic review, research questions 
need to be answer. Planning phase also record method or way to conduct systematic literature 
review and its evaluation protocol are defined. 

• Conducting the review: this phase identifies research i.e. search strategy formation, 
definition of primary study selection criteria and detailed process. At the end data extraction 
and synthesis are part of review conduct. 

• Reporting the review: this phase specifies way to disseminate results and gives output of the 
process in the form of report. Report evaluation is also part of this phase i.e. peer review, 
thesis supervisor review etc.   

5.1. Search Strategy 
 

A search strategy was developed in order to answer research questions and to achieve the aim of the 
study in a more effective way. The search strategy includes: 

5.1.1. Resource Selection 
 

In order to identify primary studies and avoiding missing out any of the related study, following 
databases were used.  

• ACM 
• Google Scholar 
• IEEE 
• Inspec and Compendex (Engineering Village) 
• Science Direct 
• Springer Link 

 
The rationale behind choosing these databases was that all of them are most reliable and commonly 
used resources for identifying reviewed studies. Another reason for choosing these resources was that 
most of the relevant and up to date journals articles, conference papers and workshop papers are 
published on these databases. Besides using reviewed literature, gray literature was also included in 
this study. ‘Google’ search engine was used for identification and selection of gray literature. 

5.1.2. Keywords Identification and Selection 
 
Initially keywords were identified and were selected from the proposed research questions for 
identifying test-list utilization and possibility of its usage in requirements traceability in TDD. 
Identified keywords were revised by adding their synonyms and alternate words to include all possible 
related studies. List of keywords and alternate words used in this study are provided in Appendix F.  
 

5.1.3. Search String Formation 
 

Keywords identified in previous steps were used along with Boolean operators ‘AND’ and ‘OR’ to 
form a search string that later was used in identifying primary studies. The general search string is 
presented in Table 3. 
 
 

Table 3: General search string 

General search string 

((“Test-list” OR "test list" OR "testlist") AND (“Agile” OR “XP” OR 
"Test Driven Development")) OR (“Requirements Traceability” AND 
(“Agile” OR “XP” OR "Test Driven Development")) 
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Each database has its own syntax and set of rules for search and therefore for every database each 
string has to be modified in order to use it in that particular database. Appendix A shows search string 
that was used for each database and results found through it. 

5.2. Selection Criteria for Primary Studies 
 

Tollgate method [65] was used as inclusion criteria for the selection of primary studies. In tollgate 
method, articles are selected on the basis of title, abstract, introduction and conclusion. In order to 
include all the potential studies without missing out any relevant one, we decided not to apply any 
starting year criteria for the selection of primary studies. The selection procedure using tollgate 
method is divided into four different stages as shown in Table 4. 
 

Table 4: Tollgate Method 

Stage                   Criteria  Results (Selected) 
Overall ‐ English  

‐ Published in journal / conference 
/ workshop proceedings  

‐ Full text  
‐ Non-Duplicating 

 

 
 
 

Title / 
Abstract 

‐ Contains key word(s) 
‐ Contains concept(s) of test-list 

and/or requirements  traceability 
in TDD/XP/Agile 

 

 
 
 

Introduction / 
Conclusion 

‐ Contain concept(s) of test-lists 
and/or requirements traceability 
in TDD/XP/Agile 

 
 

Full Text ‐ Relevant concept(s) of test-lists 
and/or requirements traceability 
in TDD/XP/Agile 
 

 

 

5.2.1. Level 1: Overall 

The studies that all fulfill four criteria presented in Table 4 (Level 1, Overall) were selected at the first 
level of primary study selection procedure. Details of these criteria are presented below. 

English 
Studies published only in English language were considered for selection. 

Published in journal/conference proceeding 
For selection of primary studies, articles published in journal or conference proceeding (peered 
review) was considered. The criteria defined in this section is only for white literature that was 
published in journal or conference proceeding. For selection of primary studies in gray literature, 
criteria are presented in Section 5.6.2. 

Full text 
Only those studies whose full text is available were considered in selection of primary studies. 

Non-duplicate 
Sometimes an article is available in more than one database. One possible reason for this duplication 
is that we have used two kinds of databases i.e. “Index Engines” and “Published Sites”. The difference 
between index engines and published sites is that index sites consists of listing or indexes of studies 
published on other databases while published sites have their own data to publish from their own 
database [59]. For our study, we have included non-duplicating studies. If an article is duplicated in 
more than one database, we included that article from published site and rejected the one in index site 
based on the duplicate criteria we have defined.  
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5.2.2. Level 2: Title & Abstract 

The studies that met criteria at first stage of the tollgate method were selected for the next level of 
selection procedure. The criteria defined at that level are provided below: 

Contains Keyword (s) 
At second level of selection procedure, title and abstracts of all the potential primary studies selected, 
after completion of level 1, were read and studies that contain one or more than one identified 
keywords (Section 5.1.2) were selected.  

Concept(s) of test-list and/or requirements traceability in TDD/XP/Agile 
All the potential primary studies were also checked for any concept or different concepts of test-list 
and/or requirements traceability in Agile or XP or TDD and studies that contains one or more 
concepts of test-list, requirements traceability or both in TDD/XP/Agile development were selected as 
potential primary studies at that level. 

5.2.3. Level 3: Introduction & Conclusion 

Level 3 of Tollgate method is based on a criterion that is applied on all the potential primary studies 
by reading their introduction and conclusion. All those studies that contain one or more concepts of 
test-list and/or requirements traceability in Agile or XP or TDD were selected for the further selection 
procedure.  

5.2.4. Level 4: Full Text 

Final levels of selection procedure in Tollgate method is full text reading of all potential primary 
studies and application of defined criterion on it. Selection of the primary studies was made bases of 
defined criterion i.e. studies that contains relevant concept or concepts of test-list, requirements 
traceability or both in Agile/XP/TDD. The concepts of test-list and requirements traceability include: 

• Benefits and drawbacks of use of test-list in TDD 
• Methods of creation of test-list in TDD 
• Benefits and drawbacks of implementing requirements traceability in Agile/XP/TDD 
• Methods for implementing requirements traceability in Agile/XP/TDD 

5.3. Pilot Selection 
 
As the selection of primary studies was to be carried out by two reviewers, there was a possibility of 
difference in level of understanding about the developed criteria. Therefore, before actual selection of 
the primary studies, 15 articles were reviewed by applying the selection criteria by both reviewers 
individually. These articles were selected from the list of potential primary studies gathered by 
applying search string provided in Section 5.1.3 to different databases. These 15 articles were selected 
on the bases of their title i.e. if title of an article contains one or more keywords identified in Section 
5.1.2, it was selected. After that the results were compared to find out whether there was any 
difference of understanding about the selection criteria. By discussion, both reviewers resolve any 
conflicts and develop same level of understanding about the selection criteria. After achieving same 
level of understanding, all the studies were divided among two reviewers and the actual selection 
procedure was performed. 

5.4. Quality Assessment Criteria 
 

A checklist was developed in order to assess the quality of the selected primary studies as suggested 
by Kitchenham [59]. The defined quality assessment criterion is shown in Table 5.  
 

Table 5: Quality Assessment Criteria 

Quality Assessment Criteria Number of studies 
Yes Partially  NO 

Does article clearly describe aim of research?    

Does research methodology or approach is clearly    
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specified? 
Are validity threads clearly stated and analyzed?    
Are results evidently described?     

 
After following Kitchenham [59] guidelines for performing literature review the number of selected 
primary studies wasn’t high and in order to include every possible relevant study, we decided not to 
consider quality factor for inclusion or exclusion of primary studies. Therefore, all the primary studies 
selected after applying selection criteria were treated as same without consideration of their quality 
assessment. 

5.5. Data Extraction Strategy 

In order to determine whether or not both the reviewers have same level of understanding of data 
extraction strategy and procedure, a pilot data extraction was performed following same procedure as 
followed in studies selection procedure. After both reviewers have same level of understanding and 
interpretation of data extraction strategy and procedure, the actual data extraction was carried out by 
reading the full text of the articles and then extracting the data in accordance with Table 6 and Table 
7.  

 
Table 6: Data Extraction Form 

 
 
 
 
 
 
 

 

 

 

 

 

 

 

Table 7: Metadata 

Title  
Author(s)  
Journal/Conference Proceeding  
Date of Publication  
Database  

 

5.6. Gray Literature 
 

Test Driven Development and concept of requirements traceability in agile/TDD is relatively new area 
of research and for that reason there isn’t much research literature available that is related to this field. 
Therefore, in order to obtain complete insight of the concept of test-lists in TDD and requirements 
traceability in agile/TDD, it was decided to include every possible material that is available in 

                                          Item Value 
Test-lists Development Methods  

Benefits  
Drawbacks  
Research Methodology  

Requirements Traceability in 
XP/TDD 
 

Methods of 
Implementation 

 

Benefits  
Drawbacks  
Research Methodology  

Requirements Traceability in Agile 
(Excluding TDD/XP) 
 

Methods of 
Implementation 

 

Benefits  
Drawbacks  

Research Methodology  
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literature review. So, along with the studies published on above mentioned selected databases, gray 
literature was also searched for related studies or articles. Gray literature is a term that is used for the 
literature that isn’t published on electronic databases. Google search engine was used in searching of 
gray literature that includes workshop papers, articles, presentations and blogs of different researchers 
or practitioners.  
 

5.6.1. Search Strategy 
 

General search string presented in Table 2 was used to create search string that was later used for 
identification of studies of gray literature. Actual search string that was used in Google search engine 
is provided in ‘Appendix A’. 
 

5.6.2. Selection Criteria 
 

The selection criteria in gray literature case was somewhat different from selection criteria that was 
used in selection of primary studies as in gray literature as one has to deal with not only articles and 
published reports etc but also with blogs, personal pages and articles on social sites. For technical 
reports, articles and dissertation, same criteria was used as that used in selection of primary studies 
and incase of personal web pages, blogs and social sites following criteria as presented in Table 8 was 
used for inclusion. 
 

Table 8: Inclusion Criteria for gray literature 

Stage Criteria Results 

Overall ‐ English 
‐ Full text  
‐ Non-Duplicating 

 

Title  ‐ Contains keyword(s)  

Full Text ‐ Contains concepts of test-lists  
and / or requirements  
traceability in TDD/XP/Agile 

 

 

 

5.6.3. Data Extraction  
 
Same data extraction form that was developed for data extraction from primary studies of white 
literature was used in data extraction of primary studies of gray literature. 

5.7. Questionnaire 
 
To get the answers of research questions, a survey was conducted in an exploratory method [63]. 
Questionnaires are a good instrument to gather information to gain insight about the study from 
targeted group of people by answering predefined questions. The aim of our study is to identify TDD 
requirements traceability practices in industry and use of test-list as possible option for requirements 
traceability. Questionnaire is used wherever opinion of large group of people is required and face to 
face meeting isn’t possible due to certain limitations like time and finance.  To conduct this survey, 
we followed Kasunic method [64] that consists of following steps 

5.7.1. Identify research objectives 
 
In this step we clearly define objective, scope and guideline of the survey. It represents problem 
statement and clearly defines and outline how the survey will answer questions about problem. In our 
study the problem statement is to identify test-list utilization for requirements traceability, to get 
answer of this question we design survey by focusing on three sub-questions RQ1.2, RQ1.2 and 
RQ2.2 presented in Table1.  
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5.7.2. Identify & characterize target audience 
 
In this step, target audience of the survey (those who will provide their feedback by filling the survey) 
is identified and characterized. Our target audience for this survey was those practitioners who were 
familiar with TDD lifecycle and have experience of working with TDD in industry. These 
practitioners can be related to any part of software development process (requirements engineers, 
developer, tester etc). We categorize potential participants into following roles. 
• Senior Software Engineer (CEOs) 
• Project Manager 
• Requirements Engineer 
• Developer 
• Tester 
For this study we assume that every survey participant regardless of his/her experience; is familiar 
with the concepts like test-list and requirements traceability. 
 

5.7.3. Design & write questionnaire 
 

This step is related to translate internal questions in appropriately written questionnaire for smooth 
analysis and interpretation; it is composed of four steps. 
  
• Determine the question to be asked.  
This step determines which information needs to be gathered. There are four types of questions:  
Attributes 2.  Attitudes 3.  Beliefs 4.  Behaviors. Selection of appropriate type of questions is 
accomplished in this step.  Our study based on the exploration of TDD for requirements traceability so 
through questionnaire we are intended to get feedback for respondents attitude for this specific issue.  
 
• Select Question Type, Format, and Specific Wording 
This step leads to the development of presentable questionnaire. The purpose is to analyze the 
responses through questions structure and format that is understandable to target audience in respect to 
question wording. Questions can be open-ended, close-ended with unordered choices, close-ended 
with ordered choices or hybrid. Based on the study requirements and type of audience, we used both 
open-ended and closed ended questions. We tried to present questions with more information and 
possible answers (close ended). We also provided space (text-boxes in web based survey) for 
comment from the respondents for their reasoning and / or justification. 
 
• Design the question sequence and overall questionnaire layout.  

This step determines length of the questionnaire, organization and sequencing of questions. Section 
introductions, instructions and page layout options according to questionnaire distribution type i.e. e-
mail, web-based, hard copy is also determined in this step. We used web-based technologies for 
survey using www.docs.google.com. We arranged our survey questions in three divisions 1) Test 
Driven Development and test-list 2) requirements traceability 3) possibility of test-list for 
requirements traceability.  Web-based questionnaire is provided in Appendix E. 
 
• Develop secondary documents.  
This step focuses on preparation of some supporting documents before questionnaire distribution. This 
includes pre-notification letter, questionnaire cover letter, reminder letters and thank-you letter. To 
contact potential and possible survey respondents we sent them e-mails to request to participate in our 
survey.  After their acknowledgement and confirmation we sent them online questionnaire web-link.   

5.7.4. Pilot Questionnaire 
 
The purpose of pilot questionnaire is to get and discuss flaws and drawbacks in questionnaire, 
questionnaire layout, process and technology selection. After development of questionnaire, its 
empirical verification is done through pretesting. Pilot testing checks for confusion resulting from the 
instructions, questions validity and understandability, questions order and answer choices. This is also 
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necessary so that respondents understand and perceive same meaning of questions that have been 
provided in questionnaire. Therefore, to assess the clarity of questionnaire, an initial questionnaire 
(pilot questionnaire) was send to 5 masters students at Blekinge Institute of Technology (BTH). 
 Based on the feedback of paricipated students in pilot study, we observe the clarity, correctness and 
understanding of questionnaire questions. We obtained feedback from those students and fix some 
ambiguities in it. Questions were rephrased and restructured to make them correct and clear. 
Questionnaire was also sent to supervisor for the feedback before actual survey was conducted. 

5.7.5. Questionnaire execution  

To get high questionnaire response from TDD practitioners we contacted them via e-mail for 
invitation to participate in questionnaire. The participation request was sent to our practitioner 
contacts, selected members of alumni group and practitioners selected from blogs and social websites 
i.e. linkedin. As we formed invitation letters at previous step; we used that letters to describe study 
objective, participation and confidentiality. It also contains estimated time to complete the 
questionnaire, deadline for its completion and contact information. Due to time constraint we give 
fifteen days to complete and submit the questionnaire. Meanwhile we continuously observed response 
rate and sent reminders to potential respondents for their in time questionnaire completion and 
submission.  

5.8. Interviews 
5.8.1. Rationale for Interviews 
 
Rationale for conducting interviews was to validate the outcome of the SLR and survey results and to 
future explore concepts related to test-list utilization and requirements traceability in agile/TDD. 
Interviews were conducted from survey respondents for further exploration and reasoning for their 
responses. The key points that were decided to be validated with interviews were the test-list 
development methods, its formation, requirements traceability in TDD and possibility of using test-list 
for requirements traceability in TDD. 

5.8.2. Interview Questions Formulation 

The interview questions were formulated for the purpose of evaluating the use of test-list for 
requirements traceability on the basis of findings from literature review and survey and to future 
explore these concepts in details. The evaluation was done on the following key points 

• Test-list usability 
• TDD dealing with Requirements Traceability  
• Test-list utilization for Requirements Traceability 

Furthermore survey finding also raise several questions that needed further investigation. For instance, 
through survey, we found out that there was some percentage of practitioners that uses some specific 
methods/format in developing test-lists however no information regarding the use of those methods, 
why they use them, what benefits are achieved because of using them etc, was recorded. Therefore, 
along with validation of the findings, it was also important to further investigate on those areas. Our 
interviews contained both structured and semi-structured questions. Structured questions (more for the 
validation purposes) were required specific answers i.e. multiple choices, grading etc and semi-
structured questions were open-ended questions, in which interviewees were asked for more detailed 
replies about some specific areas of interest. The main reason for open-ended questions was to future 
explore the findings that were obtained from surveys in more detail. Interview questions that were 
used during interviews are provided in Appendix G.  
 

5.8.3. Execution 
 

Potential Survey respondents were sent e-mail to request follow-up interviews to get their feedback on 
survey and further exploration and reasoning. Interviews were conducted in the way that was 
convenient to interviewees. As all the interviewees were not from Sweden, so it wasn’t possible to 
have face to face meeting with them. Different communication medium like skype, telephone and 
other communication services were used to record their feedback. Interview questionnaire was sent to 
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interviewees who have busy schedule and after receiving their feedback, a follow up conversation was 
held to validate the replies provided by interviewees. 

6. RESULTS 
 

This section describes results and conclusions of this study.  

6.1. Literature Review 
 

Following section provides detailed characteristics and the way in which primary studies of thesis 
were selected.  
 

6.1.1.  Selection of Primary Studies 

In order to identify primary studies, search string developed in Section 5.1.3. was used in different 
databases. Same search string was used though for each database, some modifications were made in 
order to meet particular requirements format of each database. The detailed account of each search 
string used in a particular database is presented in Appendix A. 

 

Table 9: Primary studies selection results 

Stage            Criteria  Results (Selected) 
Overall ‐ English  

‐ Published in journal / conference / 
workshop proceedings  

‐ Full text  
‐ Non-Duplicating 

 

 
 

2538 

Title / Abstract ‐ Contains key words 
‐ Contains concepts of test-lists and/or 

requirements  traceability in 
TDD/XP/Agile 

 

 
 

549 

Introduction / 
Conclusion 

‐ Mainly Focuses on concepts of test-lists 
and/or requirements traceability in 
TDD/XP/Agile 

 
30 

Full Text ‐ Focused on concepts of test-lists and/or 
requirements traceability in 
TDD/XP/Agile 

25 

 
Total of 3351 articles were retrieved by using search string as presented in Table 8 on all databases. 
Based on criteria that was defined in Tollgate method [65] earlier, at first step total of 2538 were 
selected for next step and 813 were rejected. These articles were rejected on the bases of non English 
text, unavailability of full text, papers that weren’t not reviewed or those one that were duplicated due 
to their presence in other databases as well. 1989 articles were rejected when “Title/Abstract” criteria 
were applied and further 519 were rejected on the bases of “Introduction and Conclusion” criteria i.e. 
their main focus wasn’t on test-lists or requirements traceability in Agile or TDD. At the last step, 5 
articles were rejected because either they were not focused on the test-lists or requirements traceability 
in TDD or Agile and remaining 25 were selected as primary studies. Detailed stepwise procedure is 
presented in figure 4. After completion of each phase, the selected number of articles was equally 
divided among two reviewers. 
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6.1.2. Year of Publication 
 

 

Databases  
(IEEE, ACM, Inspec & Compendex, 

Science direct, Springer Link,  
Google Scholar)

Researcher 1  Researcher 2 

PHASE 1 
Overall Criteria Overall Criteria 

‐ English 
‐ Published in 

J/C/W 
‐ Non Duplicate 
‐ Full Text 

‐ English 
‐ Published in 

J/C/W 
‐ Non Duplicate 
‐ Full Text 

3351 1675 1676 

PHASE 2 
Title / Abstract Title / Abstract 

‐ Contains 
keywords 

‐ Contains 
concepts of 
test-lists/  RT  

‐ Contains 
keywords 

‐ Contains 
concepts of 
test-lists/  RT  

PHASE 3 
Introduction / 

Conclusion 
Introduction / 

Conclusion 
Concepts of 
test-lists / RT in 
TDD /Agile 

Concepts of 
test-lists / RT in 
TDD /Agile 
 

PHASE 4 
Full Text Full Text Concepts of 

test-lists / RT in 
TDD /Agile 
 

Concepts of 
test-lists / RT in 
TDD /Agile 
 

Selected Primary Studies 

2538

549

30

25

Figure 4: Primary Study Selection Procedure 
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Figure 5 shows the year in which selected primary studies were published. Agile Development and 
specially Test Driven Development is relatively new field, so all the selected primary studies were 
conducted after 2000. Most of the selected studies were published after 2005 that indicates a lot of 
research is going on in this field in recent times.  

 

Figure 5: Selected Primary Studies Distribution over Years 

6.1.3. Research Methods 
 

In order to achieve the aim of the research, selected primary studies use different research methods 
like case studies, surveys, controlled experiment etc. Figure 6 presents different research methods that 
were used in primary studies explained in [63]. These methods are: 

Case studies: 
The selected studies that use case studies in order to achieve their research aim. 

Questionnaires:  
In order to collect empirical data, the studies either use survey questionnaire or interview (or both). 

Experiments: 
The studies use experiment (either controlled or quasi) and also clearly define its design in order to 
achieve the results of the research. 

Others: 
The studies that don’t contain any particular research methods are placed in this category. 

 

Figure 6: Research methods used in selected primary studies 
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Figure 6 presents categorization of the selected primary studies based on research methods that were 
used. 12% of the primary studies have used surveys and in same number of studies, case studies were 
used as a research method. However, there is no information available regarding what method was 
used for analysis of the data gathered by survey or sub methods used in case studies. Interviews were 
conducted in 4% of the selected studies while 28% of the studies have used experiment to achieve 
their research goals. However in almost half (44%) of the selected primary studies, it wasn’t declared 
which method was used as research methods.   
 
 

Table 10 Complete Summary of Reviewed Literature Studies 
 

Ref. Primary Study 
Requirements  

Recording 
Methods 

Requirements Traceability in Agile/XP/Agile 

Benefits Drawbacks Methodologies 

[P1] 
[22] 

A study to support agile 
methods more effectively 
through traceability 

Usecase 
Story card 

Support for 
accountability 
Quality product 

Not found Traceability 
Meta Model 
FIT 

[P2] 
[23] 

Requirements Engineering in 
Agile Software Development 

Usecases 
Data flow 
diagram 

 Not found Requirements 
Traceability 
Matrix 

[P3] 
[24] 

Extreme programming in 
reducing the rework of 
requirement change 

Story card Cost Reduction 
Less amount of 
rework 

Not found Story card 
approach 

[P4] 
[25] 

Supporting Program 
Comprehension in Agile with 
Links to User Stories 

Story card Requirements 
change can be 
managed easily 

Not found Zelda 
Doors 
Requisite Pro 

[P5] 
[26] 

Story-Wall : Lightweight 
Requirements Management 
for Agile Software 
Development 

Story card Requirements 
management 
becomes easy 

Difficult to 
implement 
Expensive  

Story Wall 
TRUEreq 
RaQuest 
Requisite Pro 

[P6] 
[27] 

A Matrix-Less Model for 
Tracing Software 
Requirements to Source Code 

Story card Increases the 
reliability of the 
system 
Reduces the 
complexity 

Not found Matrix Model 
Traceability 
Matrix 
Unique 
Identifier 
Lists 
Attributes 

[P7] 
[28] 

An Agile Approach to 
Capturing Requirements and 
Traceability 

Story card Improves 
customer 
satisfaction 
Rapid 
assessment and 
change impact 

Not found Echo approach 

[P8] 
 [29] 

Traceability Patterns : An 
Approach to Requirement-
Component Traceability in 
Agile Software Development 
The Importance of 
Traceability 

Story card Increases the 
reliability of the 
system 
Reduces the 
complexity 

Not found Traceability 
Matrix 
Unique 
Identifier 
Lists 
Attributes 
Traceability 
Patterns 

[P9] 
[30] 

Effective Requirements 
Traceability : Models , Tools , 
and Practices 

Not found Improved 
product quality 
Effective 
response to 
changes 
Controlled 
requirements 
Overall cost 
reduction 

Not found Doors 
Requisite Pro 
CaliberRM 
TraceabilityWe
b 
Collaboration 
and shared team 
knowledge 
Pair-wise 
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traceability 
matrices 
Spreadsheet 

[P10] 
[31] 

Why an AI research team 
adopted XP practices 

Story card 
Index card 

Not found Not found Not found 

[P11] 
[32] 

Task-First or Context-First? 
Tool Integration Revisited 

Story card Not found Not found Not found 

[P12] 
 [33] 

Requirements Engineering So 
Things Don ’ t Get Ugly 

Story card Not found Not found Requirements 
Traceability 
Matrix 

[P13] 
[34] 

Reverse Generation and 
Refactoring of Fit Acceptance 
Tests for Legacy Code 

Not found Cost reduction 
Reduced 
maintenance 
effort 

Not found iTDD 
FIT 

[P14] 
[35] 

Extreme programming of 
multi-agent systems 

Not found Not found Not found Traceability 
Meta Model 

[P15] 
[36] 

Eliciting required 
characteristics for usable 
requirements engineering 
approaches 

Story card Not found Not found Not found 

[P16] 
[37] 

Challenges of migrating to 
agile methodologies 

Story card Not found Not found Not found 

[P17] 
[38] 

An end-to-end industrial 
software traceability tool 

Not found Aids in system 
comprehension 
Helps in impact 
analysis 
Helps in system 
debugging 
Improves 
communication 
b/w 
development 
team and 
stakeholder 

Expensive to 
implement 
 

End-To-End 
Software 
Traceability 
Model 

[P18] 
[39] 

A flexible tool suite for 
change-aware test-driven 
development of web 
applications 

Mock up, 
WebSpec 
Diagram 

Helpful to 
upgrade the 
system  

Not found WebSpec Tool 

[P19] 
[40] 

Towards Traceable Test-
Driven Development 

User Story Not found Not found Fit 
FitNesse 
FitLibrary 
Calgrind 
Valgrind 
Hackystat 
Zorro 
TraceAnalyzer 
Jazz 
Requirements 
Traceability 
Matrix 

[P20] 
[41] 

Just Enough Requirements 
Traceability 

Not found Not found Expensive to 
implement 
Time 
consuming 
Arduous 
Error prone 

 Poirot 
Retro 
Traceabilty 
Matrix 

[P21] 
[42] 

Traceability Techniques : A 
Critical Study 

Not found Not found Not found Traceability 
Matrix 

[P22] 
[43] 

Improving Requirements 
Management in Extreme 

Story card Not found Not found StoryManager 
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Programming with Tool 
Support – an Improvement 
Attempt that Failed 

[P23] 
[44] 

Establishing Traceability 
Links between Unit Test 
Cases and Units under Test 

Story card Not found Not found Naming 
Convention 
Last Call 
Before Assert 
Static Call 
Graph 
Fixture Element 
Types 

[P24] 
[45] 

Agile programming : Design 
to accommodate changes 

Story card Not found Not found  Spreadsheet 
State table 
Decision table 

[P25] 
[46] 

Recovering Traceability Links 
between Unit Tests and 
Classes Under Test : An 
Improved Method 

Not found Not found Not found State table 
Traceability 
Meta Model 

 

6.2. Gray Literature  
 

The search string developed in Section 5.1.3 was used in identification of relevant gray literature. 
Initially around 45000 hits were returned by applying the search string. Due to these large numbers of 
results, it was very difficult to go through all of them. In order to deal with that problem and not to 
miss any useful literature, it was decided to go through every link on first 30 pages and later randomly 
after the interval of 5 pages. By applying first stage of the inclusion criteria, it was found that most of 
the results were either irrelevant or duplicate. 38 results were selected after applying first stage of 
criteria. 27 results were relevant and contain one or more keywords in their title and therefore those 
were selected for the final review i.e. full text review. After reviewing full text, 19 were selected as 
primary studies from gray literature. Table 10 contains the results of gray literature after applying 
inclusion criteria. 

 
Table 11: Gray literature result 

Stage Criteria Results 
Overall ‐ English 

‐ Full text  
‐ Non-Duplicating 

38 

Title  ‐ Contains keyword(s) 27 

Full Text ‐ Contains concepts of test-
lists  and / or requirements  
traceability in TDD/XP/ 
Agile 

19 

 
Following is the complete list of Gray literature selected after selection criteria.  
 
 

Table 12: Complete Summary of Gray Literature Studies 
 

No Study Rq 
Recordi
ng 
method 

Requirements Traceability in 
Agile/XP/TDD 

Test list 

Benefit Drawback Method
ologies 

Benefit Drawback Methodo
logy 

[G1] 
[01] 

Test Driven 
Development: 
A Practical 
Guide 

Story 
card 
Usecases 

Not Found Not Found Not 
Found 

Developers don’t 
have to remember 
everything they 
have to build 
during 

Not Found Paper 
based 
approach 
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development 
session 
Keeps developer 
on track during 
development. 
Any important 
feature can’t be 
ignored once it is 
recorded in test-list 

[G2] 
[02] 

Test Driven 
Development: 
By Example 

Story 
card 
Usecases 

Not Found Not Found Not 
Found 

Developers don’t 
have to remember 
everything they 
have to build 
during 
development 
session 
Keeps developer 
on track during 
development. 
Any important 
feature can’t be 
ignored once it is 
recorded in test-list 

Not Found Paper 
based 
approach 

[G3] 
[73] 

Test-Driven 
Development 
(TDD Tech 
yahoo) 

Story 
card 

Not Found Not Found Not 
Found 

Keeps developer 
on track 

Not Found Paper 
based 
approach 

[G4] 
[74] 

Stackoverflo
w (TDD 
community) 

Story 
card 
Usecases 

Not Found Not Found Not 
Found 

Frees developer 
mind 
You have idea 
what to develop 
next 

Not Found Paper 
based 
approach 

[G5] 
[75] 

Agile Testing 
(Weblink) 

Story 
card 

Not Found Not Found Not 
Found 

Not Found Not Found Tool 
based 
approach 

[G6] 
[76] 

Test-Driven 
Development 
in 
Microsoft® 
.NET 

Story 
card 
Usecase  

Not Found Not Found Not 
Found 

Developers don’t 
have to remember 
everything they 
have to build 
during 
development 
session 
Keeps developer 
on track during 
development. 
Any important 
feature can’t be 
ignored once it is 
recorded in test-list 

Not Found Paper 
based 
approach 

[G7] 
[77] 

Leif Hanack 
Blog 
(Weblink) 

Story 
card 

Not Found Not Found Not 
Found 

Frees developer 
mind 
Focused 
development 
Any important 
feature can’t be 
ignored once it is 
recorded in test-list 
 

Not Found Tool 
based 
approach 

[G8] 
[78] 

Test Driven 
Development 

Story 
card 

Not Found Difficult to 
implement 

FitNess
e 

Not Found Not Found Not 
Found 
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(RT yahoo 
community) 

Expensive to 
implement 
Time 
consuming 

[G9] 
[79] 

Stakeoverflo
w 
(RT) 

Story 
card 

Changes 
can be 
managed 
easily 

Not Found Traceab
ility 
Matrix 

Not Found Not Found Not 
Found 

[G10] 
[80] 

Traceability 
Matrix 
(Weblink) 

Not 
Found 

Helps in 
requireme
nts change 
managem
ent  

Not Found Traceab
ility 
Matrix 

Not Found Not Found Not 
Found 

[G11] 
[81] 

Agile 
requirements 
traceability 
(Weblink) 

Not 
Found 

Not Found Not Found AccuBri
dge 
(Acc 
uRev 
and 
Rally) 

Not Found Not Found Not 
Found 

[G12] 
[82] 

Requirements 
Traceability 

Not 
Found 

Helps in 
requireme
nts 
validation 

Not Found Traceab
ility 
matrix 
Rational 
Requisit
e Pro 
Caliber
RM 
DOORS
/ERS 
 

Not Found Not Found Not 
Found 

[G13] 
[83] 

TDD 
Requirements 
traceability 

Not 
Found 

Not Found Not Found AccuBri
dge 
(Acc 
uRev 
and 
Rally) 

Not Found Not Found Not 
Found 

[G14] 
[84] 

Test Driven 
Development 
(Agile model, 
Weblink) 

Not 
Found 

Not Found Not Found Tracibil
ity 
Matrix 
Requisit
e Pro 

Not Found Not Found Not 
Found 

[G15] 
[61] 

Jeff Grigg 
blog 

Not 
Found 

Helps in 
requireme
nts 
validation 

Expensive to 
implement 
Turns out of 
date quickly 
Difficult to 
implement 

Not 
Found 

Not Found Not Found Not 
Found 

[G16] 
[62] 

Towards 
Value-Based 
Requirements 
Traceability 

Not 
Found 

Beneficial 
for 
validation 
of the 
requireme
nts 

Not Found Traceab
ility 
Matrix 
VBRT 
framew
ork 

Not Found Not Found Not 
Found 

[G17] 
[66] 

Agile 
Traceability 
(Weblink) 

Not 
Found 

Beneficial 
for 
validation 
of the 
requireme
nts 

Not Found Doors Not Found Not Found Not 
Found 

[G18] Extending an User Not Found Not Found Traceab Not Found Not Found Not 
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[68] Agile Method 
to Support 
Requirements 
Management 
and 
Development 
in 
Conformance 
to CMMI 

stories ility 
Matrix 

Found 

[G19] 
[69] 

Requirements 
Traceability 
Tools 
(Weblink) 

Story 
card 

Not Found Time 
consuming 
Expensive 

Traceab
ility 
Matrix 

Not Found Not Found Not 
Found 

 

6.3.  Test-list 
 

There isn’t much literature available to explain creation and utilization of test-list in TDD. For that 
reason, extensive search was performed on reviewed as well as gray literature so that every possible 
relevant study can be included and utilized in this study. Out of 25 primary and 19 gray literature 
studies, only 7 studies contain concept related to utilization of test-list in TDD development. It is also 
important to mention here that all of the studies that contain test-list utilization concept in TDD are 
gray literature and not a single one of them is a peer reviewed. The reason behind it could be that fact 
that test-list is considered as completely informal step during TDD process and is only used for 
storing test items temporarily.  
 
According to Beck [G2], test-list is more related to writing down everything that need to be completed 
on project session and not to forget anything, similar to task lists of daily life hanged on wall with pin. 
It is editable and amendable list according to tests that needs to be implemented based on 
requirements. Test-list addresses 1) Operations that don’t already exist (new tests) 2) Operations that 
need to be implemented (Code) 3) Code components that need refactoring [G2]. According to 
Philippe [G4], test-list is nothing else but a temporary repository that is used for storing next test cases 
and the purpose of making it to free the mind the developer so that he/she can fully concentrate on 
implementation part that is being carried out. Other details of the test-lists like how it is made and 
what is its purpose and its benefits are provided in Section 7. Table 11 represents findings summary of 
primary studies related to XP and TDD for test-list and requirements traceability. We categorized the 
identified methods of creating test-list into ‘Paper-based’ and Tool-based approach as shown in Table 
11. In [G1][G2][G3][G4]and[G6], paper-based approach was identified in which test-list is created by 
using paper and pen for writing down all the test items. It is general approach that most of 
practitioners use in their daily practice. Other approach that was identified in [G5] and [G7] was a 
‘Tool-based’ approach in which instead of using paper and pen, practitioners use some tool that can be 
a plugin for creating test-list. This approach is more advance then traditional one in which paper and 
pen is used however, it is not very common in industry. 
 

Table 13 Summary of Primary Studies related to Test-list utilization in TDD 
 

Practice Test-list 

XP / TDD 

Paper based [G1][G2][G3][G4][G6] 

Tool Based (Task list) [G5][G7] 
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6.4. Requirements Traceability 
 

Requirements traceability is “the ability to describe and follow the life of a requirement, in both 
forward and backward direction” [G19]. According to Ghazarian [P6], regardless of the fact that what 
software development methodology (agile or traditional development methodology) one is using, 
requirements traceability is one of the most highly desirable quality attribute of the software that is 
being developer. From the selected primary studies and gray literature, 39 are related to concepts of 
requirements traceability. Importance of requirements traceability can’t be neglected in traditional 
development, however in agile development methodology where emphasis is on less documentation 
and development in short cycles, practitioners and researchers have different opinion about 
implementation of requirements traceability. Some of them think that it is equally beneficial to 
implement it in agile methodology as it is being practiced in traditional development methodologies 
and some otherwise. For instance, according to Grigg [G15], requirements traceability is costly to 
implement as it turn out of date very quickly. Concept of requirements traceability, different methods 
of its implementation in agile and its importance that whether it is actually required or not has been 
discussed in detail in Section 7 Analysis and Section 8 Discussion.  
 
 

Table 14: Summary of Primary Studies related to Requirements Traceability  
 

Practice 
Requirements Traceability 

Tools Models/Frameworks Approaches 

Agile 
(Excluding 
XP/TDD) 

Zelda Tool [P4] Traceability Meta Mode 
[P14][P25] 

Traceability 
Matrix[P6][P8][P12] 
[P21] [G10][G14][G16] 
[G19] 

Doors[P4][P9][G12] 
[G17] 

Story-Wall[P5] Unique Identifier[P6] 
[P8] 

Requisite 
Pro[P4][P5][P9][G10]
[G12][G14] 
 

Matrix Model [P6] Lists [P6] [P8] 

TRUEreq[P5] Echo Approach [P7] Attributes [P6][P8] 

RaQuest[P5] TraceabilityWeb [P9] Traceability Patterns 
[P8] 

CaliberRM[P9][G12] End-To-End Software 
Traceability Model [P17] 

Collaboration and shared 
team knowledge[P9] 

Poirot[P20] VBRT framework [G16] Pair-wise traceability 
matrices[P9] 

Retro[P20] Spreadsheet[P9][P24] 
FitNesse [G8][G19] Naming Convention 

(NC)[P23] 
AccuBridge (AccuRev 
and Rally) 
[G11][G13] 

Last Call Before Assert 
(LCBA)[P23] 

DOORS/ERS [G12] Static Call Graph 
(SCG)[P23] 

Concordion[G19] Fixture Element Types 
(FET)[P23] 
Co-Evolution (Co-Ev) 
[P23] 
State table [P24][P25] 
Decision table [P24] 
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XP / TDD 

Fit [P19] iTDD[P13] 
 

Traceability Matrix 
[P2][P20][G9] 

FitNesse[P19][G8] WebSpec Tool[P18] 
FitLibrary[P19] StoryManager[P22] 

 
 

FitLibrary[P19] 
Calgrind[P19] 
Valgrind[P19] 
Hackystat[P19] 
Zorro[P19] 

 
Table 14 represents short summary of findings from primary studies related to agile for requirements 
traceability tools and methodologies. Selected studies were divided into two categories, one that were 
directly related to TDD/XP and the other that were related to other agile development methodologies 
(excluding TDD/XP). Different methods like tools, models/frameworks and approaches for 
implementing requirements traceability were found in both gray and white literature. Thus we 
categorize these methods into tools, models/frameworks and approaches. Some organizations use 
commercially built tools for implementing requirements traceability. However, due to high cost of 
these tools, some organizations use different approaches like putting unique identifier, using 
traceability matrix etc in order to implement requirements traceability in TDD. Another method that 
was identified in literature was by developing own models/frameworks for implementing 
requirements traceability. However, developing a model or a framework requires much skills and 
resources. 

6.5. Questionnaire 

For this study the questionnaire was sent to 78 potential respondents in total. Out of those 44 
completed and submitted questionnaire in given time at response rate of 56.40%. For data validation 
each response was checked before questionnaire analysis [63]. Respondent’s information was 
evaluated according to required demographic information and questionnaire completeness.  Statistical 
data is shown in Table 15 

Table 15: Participants statistical data 

Total 
responses 

Late 
Responses 

Incomplete Remaining 

44 1 6 37 

 

6.5.1. Roles of respondents 

Respondents were divided in different groups based on their roles at their work places. Five different 
roles were defined for this study and results are shown in Figure 7. Around 4% of the respondents 
were Requirements Engineers, 48.65% of the respondents were Developers, 13.21% were Testers, 
21.62% respondents were Projects Managers and 10.81% respondents were in the role of Senior 
Software Engineers in their respective firms.  

 
 



  36

 

Figure 7: Roles of Survey Respondents 
 

6.5.2. Work Experience of respondents in Agile 
 

Respondents had varying experience in Agile practices and were divided into experience classes. Our 
study participants having experience more than 5 years were 51.35%. 24.32% respondents have 
experience of 4-5 years and 18.92% having working experience with agile technologies from 3-4 
years as shown in Figure 8. 
 

 

Figure 8: Experience profile of Respondents in Agile 
 

6.5.3. Work Experience of respondents in TDD 
 

Figure 9 shows experience of respondents in TDD. As TDD is comparatively new development 
practice, therefore, not many respondents have more than 5 year experience. Respondent having one 
or less than a year experience in TDD were 29.7%, participants with experience 1-2 years were 37.8% 
and 13.5% have experience from 2-3 years in TDD projects. 
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Figure 9: Experience profile of Respondents in TDD 

6.6. Interviews 

In our study, along with the survey, 5 interviews were conducted. These interviews were conducted as 
a follow up to survey in which questions were designed on the bases of replies from survey 
questionnaire. The main reason for conducting these interviews was to get a more detailed feedback 
on test-list utilization and requirements traceability in TDD/Agile. As interviewees were not from 
Sweden, so different communication media like skype, emails and other instant messaging services 
were used for communication. Interviewee’s real identity and information about their organization is 
anonymous for the reason of confidentiality. We conducted interviews with five TDD practitioners; 
three of them are developers, one is a Company CEO and one is project manager by designation in 
different companies, Figure 10 explains experience and job role of interview participants. Detail 
information and abbreviations that are used in this report are provided in Appendix H. In following 
section, major findings of interviews are presented. 
 

 
 

Figure 10: Experience Profile of Interview Participants 
 

6.6.1. Test-list utilization in TDD 
 
After gathering initial feedback from surveys, interview questions were designed to get detail 
feedback on different aspects of test-list utilization that weren’t fully addressed in survey. Some of the 
practitioners don’t make test-list from the requirements and make unit tests directly from the 
requirements. So it was interesting to find out why some practitioners don’t create test-lists and how 
unit tests were created if test-list is not created. Out of 5 interviews, there was only 1 interviewee 
[Interview-1] who doesn’t create test-list. According to [Interview-1], creation of test-list is not 
necessary in TDD as one can make unit tests directly from the requirements. In order to create unit 
tests from requirements, at each point ask what is the most important functionality that the system 
does not yet have; that's the next test. Another issue that wasn’t completely discussed during survey 
was that practitioners who create test-list, what they do with it after utilizing test items in it (whether 
they use it something else, save it or simple discard it). Only 2of the interviewee ([Interview-4] and 
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[Interview-5]) save test-lists after creating it and rest of the 3 interviewee discard it once they utilized 
test items in it. According to [Interview-4], he saves test-lists for as long as system is maintained. 
However, once he used test item in test-list, he never used it afterword for any other purpose. The only 
reason for saving test-list is that he uses .txt or doc files for its creation and thinks it doesn’t make any 
sense to discard those test-lists after going through all the trouble of making them specially when they 
are very small in size and don’t occupy much space. [Interview-5] saves test-list also uses text files for 
creating it and saves it along with other artifacts of the project. According to him, the reason behind 
saving test-list is that sometimes when he is required to change anything due to change in 
requirements, these saved test-lists provide a quick way of identifying the unit tests without having to 
look at actual tests.   
 

6.6.2. Requirements Traceability in TDD/Agile 
 
Through survey questionnaire, respondents provide feedback on different aspects of implementing 
requirements traceability in Agile/TDD like how requirements traceability is implemented in 
Agile/TDD, what methods are used in industry for implementing it and what benefits are achieved 
from implementing it. However, certain questions like why practitioners use any particular method 
and what benefits are achieved from using it, required more detail discussion. So interview questions 
were designed in order get more detailed feedback from practitioners on such areas.  

Initial question was that whether requirements traceability should be implement in agile/TDD and is it 
a feasible practice considering the time/effort spent. Practitioners have different views on 
implementing requirements traceability in agile/TDD. According to [Interview-1] and [Interview-3], 
decision that whether requirements traceability should be implemented in agile/TDD or not depends 
upon the kind of project you are involved and customer’s requirements. In some projects, it is much 
more difficult to implement and maintain requirements traceability and thus it requires more effort and 
time than the benefits it provide. So in such situations, its implementation should be avoided. 
[Interview-5] believes that requirements traceability should be implemented and is beneficial in 
agile/TDD. [Interview-2] and [Interview-4] were uncertain about implementing requirements 
traceability as both weren’t involved in any project in which requirements traceability was 
implemented.  

All the interviewees provided almost the same benefits during interviews. One common benefits that 
all the interviewees provided was customer satisfaction. Usually it’s more of customer demand that 
forces organization into implementation of requirements traceability. So implementing requirements 
traceability greatly helps in improving customer’s satisfaction. Another advantage of implementing 
requirements traceability in agile/TDD is effective management of requirements change. [Interview-3] 
and [Interviewee-5] believes that requirements traceability greatly helps in managing requirements 
change. 

During survey, several respondents stated that they use some particular method for implementing 
requirements traceability. However, other details like which method they use and why they use that 
particular method weren’t discussed. During interviews when interviewees were asked that whether 
they use any particular method for implementing requirements traceability in agile/TDD or not, 3 out 
them replied yes while remaining 2 were those who never implemented requirements traceability 
during their projects. [Interview-1] mostly uses a simple technique in which he assigns a unique 
identifier to each requirement and then he puts that identifier in checkin comment. In this way life of 
the requirement can easily be traced. The reason behind using this method is its simplicity and less 
amount of effort that is required to implement it. Moreover, it is one of the most cost effective method 
of implementing requirements traceability. [Interview-3] uses unique identifier and Rational Doors for 
implementing requirements traceability in agile/TDD. The reason for using these methods are their 
simplicity and ease of their use. [Interview-5] uses Traceability Matrix and FIT for implement 
requirements traceability. When asked about the reason of using these methods, he replied that it 
depends upon the organizational culture and environment i.e. it’s up to management to decide which 
particular tool will be used for implementing requirements traceability. Usually in an organization, a 
single tool is used by everyone for implementing requirements traceability. 

Upon asking the question that whether test-lists can be used for requirements traceability in TDD, all 
the interviewees were uncertain. [Interview-3] believes that it may be possible to use test-list for 
requirements traceability in TDD but due to the fact that test-list is completely informal, the chances 
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of using it aren’t much. [Interview-5] thinks that it may be possible to use it for implementing 
traceability but he hasn’t seen or heard anyone doing so.    

7. ANALYSIS 
 

The answers to research question are presented in following section by analyzing the data gathered 
through literature review and questionnaire. 

7.1. RQ1. What are different methods to develop test-lists in TDD? 
 

7.1.1. RQ1.1 What are different methods to develop test-lists in TDD in literature? 
 
According to Beck [G2], test-list is more related to writing down everything that needs to be 
completed on project session and not to forget anything, similar to task lists of daily life hanged on 
wall with pin. It is editable and amendable list according to tests that needs to be implemented based 
on requirements. Test-list addresses 1) Operations that don’t already exist (new tests) 2) Operations 
that need to be implemented (Code) 3) Code components that need refactoring [G2]. It is completely 
informal and considered as a temporary repository for saving test items that are to be implemented 
next [G4]. Usually people make and once they implemented the items in it they discard it. There is 
very little literature available that is directly related to concepts of test-list and its utilization in TDD. 
Out of 25 selected primary studies and gray literature, only 7 were related to test-list. Out of those, 
only 2 methods of creating test-lists were identified. One method of creating test-list that is present in 
4 of the studies is to use paper to write test items directly from the requirements 
[G1][G2][G3][G4][G5]. In this method, the developers brainstorm for 10 to 15 minutes before starting 
a development session and write every possible test item that is to be implemented next [G2]. Once 
the test-list is created, the next step is to pick items one by one and implement them. Different people 
have different opinion in choosing of the item from the test-list [G6]. Some think that most simple one 
should be selected first that can help in starting one. However, in other’s opinion, one that describes 
the essences of what is being done should be chosen first [G6]. According to [G3], checklists can also 
be used for selection of high priority test cases.   

Besides, this method of creating test-list on paper that has been reported in most of the textbooks, 
another way for creating test-list has been introduced in recent time. This new method of making a 
test-list is reported in 2 of the studies in which instead of using paper and pen, different plug-ins 
provided with different tools are used. For instance, “Task List” a plugin for Java IDE “IntelliJ IDEA” 
has been developed in order to maintain a list of tasks that need to be done [G7]. This plugin provides 
same purpose as that of test-lists and therefore people have started using it in TDD. 

Test driven development became popular in software industry in last few year and after realizing its 
benefits, many organizations have adopted TDD development process to their organizational setup. 
However, there isn’t much literature available that explains concept of test-list in TDD. The main 
reason behind this lack of literature is the fact that many practitioners don’t consider test-list and 
method of its creation as something formal like other steps involved in TDD process and once 
potential benefits are achieved from it, most of them usually discard it.  
 

7.1.2. RQ1.2: How practitioners make test-list in TDD?  
 

This sub research question answers the utilization of test-list in industry. The analysis of the survey 
result shows that 81% of the participants created test-list for their projects before writing unit tests 
which means practitioners use test-lists for their initial and preparatory phases to conduct tests (out of 
37 respondents, 30 stated that they create test-list before writing unit tests). Only 19% of the 
participants stated that they did not devise test-list before conducting any tests. Majority of test-list 
developer participants explained that they considered test-list as informal approach before actual tests. 
According to them, these test-lists were generated after brainstorming for short time. It is considered 
as disposable where name of classes or functions is written in simple way to remember all key 
functionalities. No Practitioner identified test-list creation in some predefined or systematic way nor 
any practitioner explained some formal procedure for its writing. The motivation behind creating test-
list was to remember all key functionalities and to stay on track while developing test cases.  
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Figure 11: Test-list creation percentile 
 
It was observed during analysis that requirements engineers and project managers were more inclined 
towards creating test lists prior to test cases. In fact, it was seen that all the requirement engineers 
devised test-lists as they considered it informal but useful step towards preparing successful test cases. 
It was also analyzed that this practice was more common in requirement engineers and project 
managers because of their greater experience with agile and attitude towards planning before starting 
work as compared with participants having other roles in the team. Like project managers and 
requirement engineers, a high percentage of developer, tester and senior software engineers (CEOs) 
are also in favor of creating test-lists before developing any unit tests. According to our survey, 77.8% 
of developers and 80% of the testers create test-list before unit tests. The reason behind this high 
percentage can be the benefits that can be achieved by creating and utilizing test-lists. However, it is 
also import to mention that all of the survey participants don’t consider test-list as any formal 
approach and think of it as something that is created temporarily and discarded once the items in it are 
used. 
 
  

 
 

Figure 12: Test-list creation by respondent’s role 
 

Experience is an important factor that can affects practitioner’s decision to create test-list or not. From 
survey analysis, it seemed that people with more experience usually prefer to create test-list before 
developing unit tests. There are only 2 respondents that have more 4 years of experience in TDD who 
don’t create any test-list before unit tests. Almost 60% of the respondents that don’t create and utilize 
test-list in their TDD process have experience of 2 years or less. So, it is quite clear that practitioners 
with more industrial experience are the ones who acknowledge test-list benefits and therefore, use it in 
their TDD process. 
 
Though the test-list creation was considered as an informal practice and was organized at individual 
level for a small period of time; 81% respondents answered that they considered to list “clearly listed 
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operations” in test-list, 74% participants considered test-list items should be easy to follow, 54% 
participants answered that “prioritizing the functionality” should be considered during creating the test 
lists and 30% participants considered “Combine similar operations” factor during devising the test 
lists. On analysis we have found that majority of respondents wanted to see a test-list which clearly 
lists all the functionalities that are needed to be developed and that list should be easy to follow.  
Though the respondents didn’t save test-lists for longer period of time and they developed it for 
specific purpose of easiness in their tasks.   

 

 

Figure 13: Factors considered creating test-list 
 
On questions of creating test-list through specific format while considering some potential factors or 
properties; 23% of the participants who create test-list at first place concluded that they followed any 
specific or consistent method to develop test-lists while 77% participants answered that they didn’t 
follow or stick to any specific writing way (Out of 30 respondents who create test-list, 7 respondents 
follow a particular method for creating test-list while remaining 23 state that they don’t use any 
particular method for creating it).  Answers of the analysis showed that the respondents who followed 
some specific format to develop test-list did not consider the methodology in a strictly formal or 
standardized manner. Their writing method was consistent i.e. writing on paper or writing in doc file 
as answered by respondents. The reason behind this high percentage of practitioners not creating test-
list by using any particular method is lack of literary information and practices. Literature doesn’t 
contain much information about different methods of creating test-lists or format in which items 
should be stored in it. Due to this reason practitioners have devised informal methods like creating 
test-list on paper. Percentile of creating test-list from any specific method is shows in figure 14. 
    

 
 

Figure 14: Test-list development with specific format 

7.1.3. RQ1.3. How test-list is utilized in TDD and what benefits are achieved? 
 
Out of 25 primary studies and gray literature, only 7 were related to concepts of test-lists in TDD. 
Even in those limited number of related studies, the concept of test-list hasn’t been explained in detail. 
In literature, there are two methods for developing test-lists but details about the formalization of test-
lists, what items should it contains and whether it should be saved after using it or not, are not clearly 
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explained. According to [G2], test-lists should contain test items that needs to be implemented in 
future but information about format in which these items should be stored is also missing. However, 
from literature, several advantages that can be achieved while using test-list in TDD. The advantages 
reported in literature that a developer enjoys by creating and using test-lists are provided below. 

Coding with free mind 
It has been experienced there are different thoughts that keep on coming to a developer’s mind while 
coding. Thoughts like what to develop next or along with this test, this new test should also be 
included, have a bad impact on developer during development session [G7]. Use of test-list helps 
developers to free their mind from these thoughts and fully concentrate on development of the system 
[G7]. 

Focused Development 
Use of test-list in TDD helps developers to stay focused on their development without worrying much 
about the other details like addition of new tests etc [G4]. 

Remembering all functionalities 
As test-list contains all the test items that needs to be developed next, so once test-list is created 
developer don’t have to remember those feature and can concentrate on current problem without the 
fear of forgetting any of important feature[G3]. 

Keeping track of the development 
All the test items that need to be developed are stored in to test-lists before the start of development 
session. So this test-list act as a tool of tracking the development [G3][G4]. In other words, the 
developer has a very clear idea of what has been developed and what is remaining. 
 

 
 

Figure 15: Test-list save percentile 
 

Like in literature, our survey findings also show that currently, test-list is only used for storing test 
items temporarily. A high percentage of respondents don’t use any particular standard for creating 
test-lists. Moreover, most of the respondents don’t follow any particular format for storing test items. 
The main reason behind this could be lack of any particular standard in literature that could be 
followed in while storing test items in it. 20% of participants (6 respondents) save test-list after 
creating it and these 20% of the participants are those who use a tool, puglin or simple note file for 
creating test-list and after using it, they store the file afterwards. 80% respondents consider test-list as 
a temporary repository where they can store test items and once they implement the tests from test-
list, they discard it.  

During interviews, 2 of the interviewees [Interview-4] and [Interview-5] save test-list even after 
utilizing the test items in it. [Interview-4] saves test-lists for as long as system is maintained. 
However, there is no purpose for saving it as once he utilize all the test items in it, he never uses it 
again. The only reason for saving test-list is that he uses .txt or doc files for its creation and thinks it 
doesn’t make any sense to discard it after going through all the trouble of making them specially when 
it is very small in size and doesn’t occupy much space. Another interviewee [Interview-5] who saves 
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test-list also uses text files for creating it and saves it along with other artifacts of the project. 
According to him, the reason behind saving test-list is that sometimes when he is required to change 
anything due to change in requirements, these saved test-lists provide a quick way of identifying the 
unit tests without having to look at actual tests. It is interesting to observe that only those practitioners 
who uses text file or some other means (other than creating test-list by using traditional paper based 
approach) of creating test-list save it and practitioners who uses paper-based approach discard it once 
they utilized test items stored in it. The reason behind it can be the lack of existing literature and the 
fact that it is considered to be an informal thing that is used only for storing test items temporarily.  
 

7.2. RQ2: How requirements traceability is implemented in Agile/ TDD? 
 

7.2.1. RQ2.1 What techniques are available in literature about requirements traceability in 
TDD? 

 
Requirements traceability is “the ability to describe and follow the life of a requirement, in both 
forward and backward direction” [G19]. A study shows that 31% of the software projects are 
cancelled even before they are delivered and change in requirements is one of the reason behind this 
large failure [70][71]. Traceability is an important factor in requirements change management and 
allows a quick assessment and impact caused by the change in requirements [G8]. Therefore, in recent 
times, many organizations have recognized importance of requirements traceability. However, most of 
the existing traceability techniques depend upon different characteristics that are being followed only 
in traditional development methodologies [P1][G9]. Agile practices have their own characteristics and 
avoidance from unnecessary documentation is one of them. In agile practices, we may not have a 
detailed requirements specification as we have in traditional methodologies [72][P2][P7][G9]. So in 
case of agile practices (without any formal documentation), requirements traceability techniques that 
are used in tradition development might not work. For this reason, different tools and techniques have 
been proposed in recent times for handling this issue of requirements traceability in agile. The details 
of identified tools and approaches have been discussed later in this section. 

Advantages of implementing traceability in Agile 
There are several advantages that are achieved by implementing requirements traceability in an agile 
project. Some of these are: 

‐ Improved Product Quality 
Quality of the product is improved if requirements traceability is properly implemented. It helps in 
ensuring that “a right product is product is being developed in a right way”. When requirements are 
fully traceable right from start to end, it makes whole development process very clear and as a result 
of which the quality of the product increases [P9]. 

‐ Effective Change Management 
It has been observed that very often requirements of the product changes during development. 
Implementing proper requirements traceability has a benefit of managing those requirements change 
in a more effective way [P9]. Change in requirements and impact of those changes can promptly be 
done and as a result of which unnecessary delays can be avoided [P9]. 

‐ Customer Satisfaction 
There are certain quality standards like TL9000 [58] (telecommunication), CMMI Maturity Level 2 
[56], ISO 15504, DO-178B and DO-254 (aeronautics industry software development standards) 
include proper implementation of traceability for certification [P9]. Customers usually feel more 
satisfied and have more faith in organizations that holds such certifications. So in other words 
requirements traceability greatly helps in improving customer’s satisfaction [P9]. 

Method for writing requirements 
Unlike traditional software development methodologies where we have properly documented 
requirements (requirements specification), agile practices discourage use of unnecessary 
documentation. Agile manifesto [51] states that some of the requirements engineering practices are 
important and should be followed [G18] but when we talk about documenting requirements, there is 
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no standard procedure mentioned there [P8]. Usually, requirements in agile practices are gathered 
through informal means like discussion with clients and making user stories from them [P8]. 
In 25 selected primary studies and gray literature, we have found five different forms in which 
requirements were recorded. We have divided out finding into following two categories 

• Agile Practices (excluding XP/TDD) 
• XP/TDD 

 Table 16 presents identified requirements form along with reference of the study in which that 
particular form was identified.  
 

Table 16: Requirements recording methods 

Practice Requirements Form 

Agile (Excluding XP/ 
TDD) 

Use cases [P1] 

Story cards [P1][P4][P5][P6][P7][P8][P11][P12][P15][P16][P24] 
[G8][G9] 

XP/TDD Story cards [P2][P3][P5][P23][G8][G9] 
Use cases [P2] 
Data Flow Diagrams [P2] 
Mock ups[P18](Developed in  Balsamiq ) 
WebSpec Diagram[P18] 

 
Use of “Story Cards” to record requirements from user stories is one of the most common method. 16 
studies reported this method (story card) for recording requirements [P1][P4][P5][P6][P7][P8][P11] 
[P12][P15][P16][P24][G8][G9]. Use cases were reported in 2 studies [P1][P2] and data flow diagram 
in [P2] as a form of recording requirements. In [P18], requirements are recorded in the form of Mock 
ups and WebSpec diagram. These mockups are made in a tool named “Balsamiq”[60]. There were 
also eight studies that don’t contain any information of how requirements were recorded during agile 
development. 

Requirements Traceability Methodologies 
 
Most of the traceability techniques are developed from traditional software development 
methodologies and designed assuming that there would always been a formal set of requirements 
specification to start with [P8]. However, as mentioned before, agile practices don’t recommend too 
much documentation and therefore we don’t have formal requirements specification. This is the main 
reason that most of the traceability techniques when we talk about agile development practices. 
However, in order to implement traceability, organizations following agile practices develop new 
tools, models and approaches. Out of 25 selected primary studies and gray literature, we identified 18 
different tools, 10 models and 16 approaches that different organizations have adopted in order to 
implement requirements traceability in their development process. Table 10 in Section 6.2 presents all 
the identified tools, models and approaches used for implementing requirements traceability in 
TDD/agile development.  

There are variety of tools that are developed specifically for requirements management and are 
designed to implement traceability of the requirements even when there isn’t any formal specification 
of requirements as we have a case in agile development practices. In [P21], a study was conducted and 
several requirements traceability tools and techniques were identified. Out of 18 identified tools, 12 
were those that can be used for requirements traceability in agile practices in general. Seven tools 
were those that were used in eXtream Programming or specifically TDD (One identified tool being 
used in both XP/TDD and other agile practices in general). However, it is not clear from these studies 
that to what extend these tools are effective in implementing requirements traceability. Zelda [P4] was 
the only tool who’s efficiency was evaluated and reported in a pilot study. 

Besides, using different tools for requirements traceability, different organization have developed 
variety of models and frameworks that fit in their development processes. Out of 10 identified models 
7 were used for requirements management and implementing requirements traceability in agile 
practices in general. 3 tools were those that were specifically designed and used in XP/TDD process 
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[P13][P18][P22]. Surprisingly, apart from End-To-End Software Traceability Model[P17], any of the 
proposed model have been validated in industry. 

Alongside with tools and models, organizations working with agile practices have adopted different 
techniques and approaches for implementing requirements traceability. In literature, 17 different 
techniques and approaches were identified. Requirements Traceability Matrix [P2][P6][P8][P12] 
[P21][P20][G9][G10][G12][G14][G16][G18] being the most common one of all. However the 
problem with RTM is that its requires too much time to create matrices and once the number of 
requirements increases, it becomes difficult to manage it. Approaches like unique identifier [P6][P8], 
naming convention[P13], static call graph [P13], state graphs and decision tables [P14] are quite 
simple in use and proved to be useful in implementing requirements traceability.  

One key characteristic of TDD is that it provides information of requirements traceability because of 
artifacts it produce [G9][P4][P16][P19]. Referring to TDD development process [G2], we have 
requirements at first part that can be in any form. From those requirements unit tests are created that 
are implemented and code is refactored. The artifacts produced at each step can be viewed as 
traceability links and help in tracing the life of the requirements. The problem with this approach is 
that when code is refactored, it might results alteration in traceability links (emergence of new and 
disappearance of old ones)[40]. However, there is not validation of results in industry or it 
effectiveness available in literature.   

 

7.2.2. RQ2.2 How practitioners manage requirements traceability in TDD? 
 

Importance of requirements traceability can’t be denied in traditional software development, however 
in agile development methodology where emphasis is on less documentation and development in short 
cycles, there is a difference in opinion among different researchers and practitioners. Some believe 
that in agile development, implementing requirements traceability is as beneficial as implementing it 
in traditional software development while according to others, it is unnecessary. According to our 
survey, as shown in Figure 15, 62% of the respondents (23 out of total 37 respondents) believe that 
implementing requirements traceability is beneficial in TDD development and therefore it should be 
implemented during software development.  
 
 

 
Figure 16: Opinion regarding Req. Traceability 

 
Figure 17: Use of specific Req. Traceability 

method in TDD 
 

41% of the respondents as shown in fig 16 implement requirements traceability by using some 
specific methods. These methods can be tools, approaches or model that different organizations have 
developed for themselves. During interviews, interviewees were asked about methods they used for 
implementing requirements traceability and their motivation behind using those particular methods. 3 
of the interviewees ([Interview-1], [Interview-3] and [Interview-5]) use some particular method for 
implementing requirements traceability in agile/TDD. There can be different reasons for choosing a 
method for implementing requirements traceability in agile/TDD. For instance, one the interviewee 
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[Interview-1] uses a simple technique which a unique identifier is assigned to each requirement and 
that identifier is put in to the checkin comment for tracing the life of the requirement. The reasons for 
using that technique according him are is its simplicity and less amount of effort that is required to 
implement it and its cost effectiveness. However, there can be other reasons for choosing a particular 
method for implementing requirements traceability. For example one of the interviewee [Interview-5] 
believes that choosing a tool for implementing requirements traceability depends upon organizational 
environment i.e. it’s up to management to decide which particular tool will be used for implementing 
requirements traceability and usually a single tool is used by everyone for implementing requirements 
traceability in whole organization. Respondents in our survey related to different parts of the 
development lifecycle have different opinion about implementation of requirements traceability in 
TDD. As in figure 17, around 50% of the requirements engineers think that requirements traceability 
should be implemented in TDD. A high percentage of developers, testers and project managers also 
have opinion in favor of requirements traceability that it should be implemented in TDD. The reason 
behind this could be realization of the benefits that can be achieved by implementing requirements 
traceability. However, surprisingly 75% of the senior software engineers (CEOs) are of the opinion 
that requirements traceability shouldn’t be implemented in TDD. The main reason behind this could 
be because of their past experience with implementation of requirements traceability in TDD. Kind of 
projects in which they were involved could also be a factor in their disliking towards implementation 
of requirements traceability as its potential benefits depends also on the project type. 

 

 
 

Figure 18: Requirements Traceability in TDD 
 
Requirements traceability can be implemented in TDD through number of ways. A common way of 
implementing requirements traceability as identified in literature is through the artifacts produced 
during TDD process. TDD has this key characteristic that it provides information of requirements 
traceability through artifacts it produces [P4][P16]. Other more formal methods for implementing 
requirements traceability are by using tools, approaches and model designed and developed by 
organization. Out of those 23 respondents who implement requirements traceability in their projects 
while working in TDD, 14 (approximately 59%) of them don’t use any particular method like use of 
tools or models for implementing requirements traceability in TDD instead they use general approach 
of implementing requirements traceability through artifacts produced during TDD cycle. Remaining 
41% respondents use different tools and model for implementation of requirements traceability in 
TDD as shown in Figure 16. Some of tools that respondents use are DOORS, Fit and FitLibrary 
[P4][P9][P19][G17][G8][G12]. However, the use of these tools doesn’t usually depend on the interest 
of person who could be in any role (developer, requirement engineer etc), rather it is dependent upon 
organizational setup. Usually same tool or model is used in whole organization for requirements 
traceability and every employee uses same tool or model for implementation of requirements 
traceability. 
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Figure 19: Utilization of Particular method for Req. Traceability 

7.3. RQ 3. Are test-lists beneficial for requirements traceability in TDD? 
(based on findings of RQ1 & RQ2) 

 
In research questions RQ1 and RQ2, different concepts of test-lists like methods of creation, its 
utilization and benefits achieved from it in TDD and concepts of requirements traceability that 
includes methods for implementation and benefits achieved from it in agile/XP/TDD have been 
discussed by performing a literature review and conducting a survey. The findings obtained through 
R1 and RQ2 were used in section to answer this research question i.e. possibility of test-list utilization 
for requirements traceability in TDD.  

In literature, several benefits were identified that can be achieved through implementing requirements 
traceability in Test Driven Development and based on those, survey questionnaire were designed in 
order to identify their grading. Figure 20 presents participants feedback in form of multipoint rating. 
When we talk about the benefits outside project scope through implementing requirements in 
Agile/XP/TDD, approximately 50% of the participants have neutral views on that. However, when 
comes to achieving quality standards, 95% of the participants highly agrees with it and remaining 5% 
have neutral views about achieving quality standard through implementing requirements traceability. 
Similarly a very high percentage of participant agrees with the statement that implementing 
requirements traceability in Agile/XP/TDD improves customers satisfaction.  
 

 

Figure 20: Benefits Implementing Req. Traceability in TDD 
 
Besides benefits, there are several limitations and issues that make practitioners not to implement it. 
Implementing requirements traceability requires a lot of time. Approximately 86% of the participant 
highly agree with this claim and remaining 14% have neutral view to it. Similarly when we talk about 
cost factor involved in implementing it, 65% of the participants are in favor of this claim and 30% 
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have neutral view. Type of projects in which these participants were involved could be one of the 
reason behind this difference in opinion. Implementing requirements traceability in a project is not an 
easy task and usually it requires a lot of time and effort to implement it. 86% of the survey participant 
agrees with the statement that implementing requirements traceability is complex process while 8% 
have neutral views about it. However 5% of the participant think that implementing requirements 
traceability is relative easy in agile/XP/TDD. Use of tool can be a reason for it as newly develop tools 
make requirements traceability much more easier to implement in agile/XP/TDD.   
 
 

 
 

Figure 21: Issues  Implementing Requirements Traceability 
 
 

Figure 22: Possibility of test-list utilization for 
Requirements Versioning 

Figure 23: Possibility of test-list utilization for 
Requirements Traceability 

 
From total of 30 respondents who replied that they create test-list before developing unit tests 20 
respondents (68%) believe that test-list could be helpful in requirements versioning if it is properly 
utilized and maintained. Currently, it is treated as an informal repository for storing test items and 
once those items are implemented, most of the practitioners discard it. 21 out of 30 (70%) survey 
participants believe that test-list can be helpful in implementing requirements traceability in TDD. 
However, none of them is currently using it for that purpose. Currently, the only purpose for which 
practitioners are creating test-list is for storing the test items that need to be implemented in future and 
according to our survey, once the items in it are used most of the practitioners discard it. As shown in 
figure 14, only 6 out of 30 respondents (20%) save test-list after creating it but they haven’t explained 
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to what extent they keep it and what is their purpose for saving it. These 6 participants are those who 
use a tool, puglin or simple note file for creating test-list and after using it, they store the file 
afterwards. During interviews, when possibility of using test-list for implementing requirements 
traceability in agile/TDD was asked, all of the interviewees were uncertain as no one has seen or heard 
that before.  One of interviewees [Interview-3] replied that test-list may be used for implementing 
requirements traceability in agile/TDD but because of the fact that test-list is completely informal, the 
chances of using it aren’t much. Another interviewee [Interview-5] thinks that it may be possible to 
use it for implementing traceability but he hasn’t seen or heard anyone doing so.        

8. DISCUSSION 
 
8.1. Methods of developing test-lists in TDD 

As discussed before, test-lists in TDD are the lists that contain test item. It is completely informal 
repository for saving test items that are to be implemented later. In literature, there aren’t much 
information available on concepts and utilization of test-lists in TDD. There isn’t even a single peer 
reviewed available article that contains any information of test-list, methods of its creations or its 
utilization in TDD. The main reason behind it is that it isn’t considered as a formal tool in TDD. The 
concept of test-list was first introduced in [2], however, other details like what should be its format 
(any standard format), which factors should be considered while making it, apart from test items what 
else should it contain, it effectiveness, benefits achieved by using it and should it be save after using it 
or not, are not discussed literature. If we talk about the methods of its creation in literature, only two 
methods were identified in literature. The first one was by using a paper to list down all the test items 
directly from the requirements and second one was to use a plugin for saving the test items for the 
same purpose.  

From literature results, it seemed that test-list wouldn’t be popular and most of the practitioner 
wouldn’t be using it in their daily practice. However, when this question was asked, around 81% of 
the respondent replied in positive. Around 95% respondents think that use of test-list can help in 
remembering all the functionalities and keeping track of the test cases they have developed or required 
to develop in future. As mentioned before, test-list is considered to be an informal thing and most of 
the partitions don’t use any particular method for its development. 77% of the respondent don’t use 
any particular format while creating test-lists instead they use orthodox approach of creating it i.e. just 
writing down the test items on paper directly from the requirements. This test-list development 
method is due to d lack of existence of any standard procedure of making test-list. According to 80% 
of the respondent, they don’t save test-list once they implement tests from the test items in it. 
Remaining 20% save it because they use plugin or text files for making test-list.  During interviews, 2 
interviewees save test-list even after utilizing the test items that are stored in it. However, for one of 
the interviewee, there is no particular reason for saving it and for the other, saved test-list sometimes 
helps in quick identification of unit tests without actually looking at the tests. 
Currently test-list is considered as an informal repository where practitioner store their test items 
before implement them. There are many benefits that can be achieved by using it. However, it can be 
more beneficial, if it treated as more formal tool in TDD. There is need of a standard procedure for its 
creation and a particular format that what should it contain. Moreover, there is also a need of peered 
review and empirical studies that explore effectiveness of using test-lists in TDD process.  
        
8.2. Techniques for implementing requirements traceability in TDD 

Requirements traceability is “the ability to describe and follow the life of a requirement, in both 
forward and backward direction” [69]. Before discussing any requirements traceability used in agile or 
TDD, we first discuss different ways in which requirements are recorded in agile or TDD. 
 

8.2.1. Recording Methods for Requirements in Agile/TDD 

Unlike traditional software development methodologies where we have properly documented 
requirements (requirements specification), agile practices discourage use of unnecessary 
documentation. Agile manifesto [51] states that some of the requirements engineering practices are 
important and should be followed [68] but when we talk about documenting requirements, there is no 
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standard procedure mentioned there [29]. In literature, we identified five different methods for 
recording requirements in agile practices. The most common one was the use of story card. In agile 
practices usually requirements are gathered through informal ways e.g. a discussion with client. 
During this discussion, identified requirements are recorded on story cards. Other identified methods 
were use cases, data flow diagram, mockup, webspec diagram. Mockups and WebSpec diagram are 
not common methods and were identified to be practiced in only in one organization [39]. 

Survey results describe story cards, use cases and formal documentation to be only three methods of 
recording requirements. Almost 97% of the respondent either use story cards or use cases for 
recording their requirements. There is a small percentages of respondents who also have responded in 
use of formal documentation as their requirements recording approach which is clearly against agile 
manifesto. In other words, an organization that is emphasizing on formal requirements specification 
and even if it claims to be following any of the agile approach but in reality, it is not following it as 
agile manifesto clearly discourages use of unnecessary documentation. 

8.2.2. Methods for implementing requirements traceability in agile / TDD 

Most of the requirements traceability approaches are developed with an assumption that there will be 
a formal requirement specification to start with. However, in agile development, requirements are 
gathered in more of informal way (discussion with clients) and recorded on story cards or in the form 
of use case diagrams. Therefore, most of the requirements traceability approaches are not effective in 
agile development. In order to implement requirements traceability in agile, organizations have 
adopted different strategies and developed different tools and frameworks. From literature, 18 tools, 
10 frameworks and 16 approaches were identified that different organizations have adopted for 
implementing requirements traceability in agile. The list of tools, models and approaches are provided 
in Table 14.  

Surprising thing about these identified tools, frameworks and approaches is that there is no 
information about their validation in literature. Organizations are using these tools for implementing 
requirements traceability but not even a single study provides any detail about effectiveness of these 
tools. Same is the case with models and framework. Most of the identified models haven’t been 
validated in industry. Only End-To-End Software Traceability Model [38] has been validated in 
industrial setting and its effectiveness was evaluated. 

As in agile practice, we don’t have formal requirements specification and requirements keep on 
changing. So first question arises is that whether there is a need of implementing requirements 
traceability in agile or not. In our survey, around 62% of the respondents think that requirements 
traceability is should be implemented even in agile practices. According to majority of respondents, 
requirements traceability is important in achieving quality standard that improves customers 
satisfaction. So in other words, requirements traceability helps in improving customers satisfaction.  

If we specifically talk about the implementing requirements traceability in TDD, 41% of the 
respondents use some specific method of implementing requirements traceability in TDD. These 
methods include use of tool or approaches like traceability matrix. Rest of 59% respondent have no 
particular method of implementing requirements traceability in TDD and use more generic approaches 
like implementing requirements through the artifacts produces during different phases in TDD 
development process. As explained in Section 7.2, artifacts produced in TDD can be considered a 
source of implementing requirements traceability. However, only relying on these artifacts wouldn’t 
result in implementing complete traceable requirements. The artifacts produced during TDD process 
only provide partial requirements traceability [40]. Whenever a requirement changes or code is 
refactored, the old links might disappear and new links might be produced. Thus relying on only 
artifacts aren’t enough in implementing requirements traceability in TDD and some other approach or 
tool should also be used for a effective implementation of requirements traceability in TDD. 

In interviews, on asking the question that why that particular method was used and what benefits were 
achieved while using it, 3 of the interviewees replied that they use some particular tool for 
implementing requirements traceability in TDD. There can be several reason for any practitioner in 
choosing any particular tool. For example one of the interviewee uses unique identifier approach for 
implement requirements traceability and reason behind it is its simplicity and cost effectiveness. 
However there was another interesting point mentioned by an interviewee ([Interview-5]) that 
decision of using a tool for implementing requirements traceability depends upon organizational 
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environment. According to him experience, same tool or model is practiced by everyone in whole 
organization. Thus in such cases, choosing a tool for implementing requirements traceability is not the 
choice of the one who is implementing it.  

9. VALIDITY THREATS 

9.1. Systematic Literature Review 

9.1.1. Primary studies Identification 

The aim of our study is to explore the utilization of test-list and requirements traceability in Test 
Driven Development. As TDD being an agile practice, we decided to widen our search and include 
not only the studies that were related to test-list utilization and requirements traceability in TDD but 
also those who also contain the same concepts in all of agile practices to reduce the possibility of 
missing out any related study. Moreover, we also decided to include gray literature as it might contain 
some articles, blogs or web pages that might be useful in our study. 
 

9.1.2. Primary studies selection and data extraction 

In order to minimize the risk of missing any useful information about test-list and method of 
implementing requirements traceability in TDD or agile, a thorough selection (Inclusion & exclusion) 
criteria and for extraction of the data from selected primary studies, a data extraction form was 
developed. Study selection criteria were divided into four different stages as discussed in Section 5.2. 
As data extraction from selected primary studies was performed by two reviewers, therefore, both 
reviewers should have same level of understanding. For mitigation of risk of difference in level of 
understanding among the two reviewers, a pilot study was performed before actual data extraction was 
conducted and issues were resolved through discussion. Same procedure was followed in selection 
and data extraction of gray literature. 
 

9.1.3. Publication Bias 

According to Kitechenham [59] , the studies that have positive results are more likely to  be 
published than the one that have negative results. This problem in publishing of literature is 
known as “Publication Bias”. The research questions that were used in our systematic literature 
review were developed in order to identify test-list utilization and requirements traceability 
methods in TDD or Agile practices and there was no intention of identifying more effective or 
better method. Therefore, publication bias isn’t viewed as a major threat to our study.  

9.2. Questionnaires 

There were several validity threats that could have impact on our study finding. Following section 
presents identified threats and strategies developed for mitigating those threats. 

9.2.1. Instrumentation Threat 

The threat of instrumentation is one that is caused by the poor design that results in misunderstanding 
or misinterpretation of the topic [41]. In order to mitigate this threat of instrumentation, the 
questionnaire was designed in the supervision and feedback provided by our supervisor. Moreover, a 
pilot survey was also conducted before actual survey was conducted with 5 master students 
participating in it. The purpose of conducting pilot survey was to verify that questions were clearly 
understandable and also for estimation of the time taken to fill one.  
 

9.2.2. Study Generalization 

The percentage of respondents in the survey conducted was around 47% that is low. As a result of 
which, it creates a threat to generalization of the results obtained in our study. However, the purpose 
of conducting a survey in this study was to identify utilization of test-list and methods of 
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implementing requirements traceability in TDD/Agile. Therefore, based on statistics and results of 
this survey, no conclusion should be draw from it and it is not representation of industry   

9.2.3. Target Population 

TDD is relatively new practice and not many organizations are currently using it in their development 
process. Therefore, sampling true representation of target population was also a treat to our study. In 
order to mitigate this threat, we identified potential respondent having different roles in organizations 
working in TDD and used a web-based questionnaire for gathering data from them. 
 

9.2.4. Processing Error 

There were certain questions in the questionnaire where respondents were asked to provide some 
explanation for instance, respondent were asked to describe their requirements traceability method in 
TDD if they use any other method. In that way, we were expecting to gather some data that might 
have some ambiguity in it as respondent use their own words and statement to provide answers to 
those questions. Thus, such questions poses a threat of process error during analysis of those 
responses. In order to overcome this treat, we asked respondents for a small follow up question 
answer session (if required). However, the responses were fairly straightforward and after discussion 
between both surveyors it was decided that there was no need to have a follow up interview session 
with any of the respondent.   
 

9.2.5. Guessing the Hypothesis 

Another threat to our study was that through our survey, the respondent might guess our hypothesis 
that can affect the responses of the respondent. To mitigate this threat, the questions in the survey 
were phrased in such a way that respondent weren’t able to guess the hypothesis. Also while 
explaining the purpose of the survey, only general information about the purpose of the study was 
provided to the respondent. 

10. CONCLUSION AND FUTUREWORK 
 
At present, literature doesn’t provided any test-list development method and practitioners also have no 
clear guideline or idea to write test-list prior to Test development. Systematic literature review and 
practitioners survey confirms it. Literature focuses on TDD process but lacks in requirements to test-
case transformation. Literature is also silent for requirements change management or requirements 
traceability in TDD. We identified requirements traceability practices in agile and management 
through literature and survey. After analysis of gathered data we found TDD lacks in test-list 
formalization, none of the study focuses on requirements traceability in TDD. This may be immaturity 
of TDD or lack of requirement traceability practices in agile.  In this study our contribution is 
exploration of test-list creation and utilization through literature and state of the practice; after 
practitioners feedback we also explored that test-list can be used for requirements traceability. 
 
As future work, our intention is to work on test-list to formalize it on the base of practitioners 
feedback and make it more useful. Requirements traceability is a big problem in agile due to lack of 
formal requirements specification and requirements change. So presenting a model based on the use of 
test-list for requirements traceability and its empirical validation will be a potential area of research. 
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APPENDIX A 

Search Strings 
 
 

Database Search String Total Results 

IEEE (((testlist* OR "test-list" OR "test-lists" OR "test list" OR 
"test lists" OR "testing list" OR "testing-list") AND (Agile 
OR "Extreme Programming" OR XP OR "Test driven 
development" OR "Test-driven development" OR TDD OR 
"Test Driven Design" OR "test first development" OR "test 
first design" OR TFD OR "Behavior Driven Development" 
OR BDD OR "Unit test" OR "Unit testing")) OR 
((Traceability OR "Requirement traceability" OR 
"Requirements traceability" OR "Requirement life cycle" OR 
"Requirements life cycle" OR "Traceable Requirement" OR 
"Traceable Requirements" OR "Requirements change") AND 
(Agile OR "Extreme Programming" OR XP OR "Test driven 
development" OR "Test-driven development" OR TDD OR 
"Test Driven Design" OR "test first development" OR "test 
first design" OR TFD OR "Behavior Driven Development" 
OR BDD OR "Unit test" OR "Unit testing"))) 
 

26 
 
 
 
 
 

ACM ((((testlist* OR "test-list" OR "test-lists" OR "test list" OR 
"test lists" OR "testing list" OR "testing-list") AND (Agile 
OR "Extreme Programming" OR XP OR "Test driven 
development" OR "Test-driven development" OR TDD OR 
"Test Driven Design" OR "test first development" OR "test 
first design" OR TFD OR "Behavior Driven Development" 
OR BDD OR "Unit test" OR "Unit testing")) OR 
((Traceability OR "Requirement traceability" OR 
"Requirements traceability" OR "Requirement life cycle" OR 
"Requirements life cycle" OR "Traceable Requirement" OR 
"Traceable Requirements" OR "Requirements change") AND 
(Agile OR "Extreme Programming" OR XP OR "Test driven 
development" OR "Test-driven development" OR TDD OR 
"Test Driven Design" OR "test first development" OR "test 
first design" OR TFD OR "Behavior Driven Development" 
OR BDD OR "Unit test" OR "Unit testing")))) 
 

529 

Inspec and 
Compendex 

(((testlist* OR {test-list} OR {test-lists} OR {test list} OR 
{test lists} OR {testing list} OR {testing-list}) AND (Agile 
OR {Extreme Programming} OR XP OR {Test driven 
development} OR {Test-driven development} OR TDD OR 
{Test Driven Design} OR {test first development} OR {test 
first design} OR TFD OR {Behavior Driven Development} 
OR BDD OR {Unit test} OR {Unit testing})) OR 
((Traceability OR {Requirement traceability} OR 
{Requirements traceability} OR {Requirement life cycle} 
OR {Requirements life cycle} OR {Traceable Requirement} 
OR {Traceable Requirements} OR {Requirements change}) 
AND (Agile OR {Extreme Programming} OR XP OR {Test 
driven development} OR {Test-driven development} OR 
TDD OR {Test Driven Design} OR {test first development} 
OR {test first design} OR TFD OR {Behavior Driven 
Development} OR BDD OR {Unit test} OR {Unit 
testing}))) 
 
 

203 
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Springerlink (((testlist OR "test-list" OR "test list") AND (Agile OR 
"Test-driven development" OR TDD)) OR ((Traceability OR 
"Requirement traceability") AND (Agile OR "Test-driven 
development" OR))) 
 

143 

Science Direct (((testlist* OR "test-list" OR "test-lists" OR "test list" OR 
"test lists" OR "testing list" OR "testing-list") AND (Agile 
OR "Extreme Programming" OR XP OR "Test driven 
development" OR "Test-driven development" TDD OR "Test 
Driven Design" OR "test first development" OR "test first 
design" OR TFD OR "Behavior Driven Development" OR 
BDD OR "Unit test" OR "Unit testing")) OR ((Traceability 
OR "Requirement traceability" OR "Requirements 
traceability" OR "Requirement life cycle" OR "Requirements 
life cycle" OR "Traceable Requirement" OR "Traceable 
Requirements" OR "Requirements change") AND (Agile OR 
"Extreme Programming" OR XP OR "Test driven 
development" OR "Test-driven development" OR TDD OR 
"Test Driven Design" OR "test first development" OR "test 
first design" OR TFD OR "Behavior Driven Development" 
OR BDD OR "Unit test" OR "Unit testing"))) 
 

568 

Google 
Scholar 

(("test-list*" OR "test* list*" OR testlist*) AND ("Test 
Driven Development" OR "TDD" OR Agile)) OR 
(("traceability" OR "requirement change") AND ("Test 
Driven Development" OR "TDD" OR Agile)) 
 

1882 
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Survey Questionnaire 
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APPENDIX F 

Keywords and Alternatives 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Keywords Alternative Used 
Test-list Test-list* 

Testlist* 
Testinglist* 
Test list* 

Test Driven Development Test-Driven Development 
TDD 
Agile 
Extreme Programming 
XP 
Test First Development 
TFD 
Test Driven Design 
Unit Test* 

Requirements 
Traceability 

Traceability 
Requirements Traceability 
Requirements life cycle 
Traceable Requirements 
Requirements Change 



  68

APPENDIX G 

Follow-Up Questionnaire 
 

 
Starting Questions  
1. How long have you been working in Agile?  
2. Why organizations change their development process to agile/TDD?  
3. How is your experience with agile/TDD?  
 
Core Questions  
 
1. Do you create test-list before creating unit tests?  

If YES, 
• How do you create a test list, i.e., format or methodologies etc?  
• If you follow any particular format/ method to create a test list, which factors you consider?  
• Why do you use that particular format/ method to create test list?  
• Do you use any format for saving items in test-list?  

If NO,  
• Why you don’t create test-list?  
• How do you create unit tests from requirements (method)?  

 
2. Do you save test-list after utilizing test items that it contains?  

If YES,  
• For how long you keep it?  
• What is the purpose (utilization) of saving test-list?  

 
3. Shall requirements traceability be implemented in TDD/Agile?  
 
4. What benefits does it provide?  
 
5. Do you use any particular tools or models?  

If YES,  
• Which tools and models do you use?  
• Why do use that particular tool and model?  
• Is implementing tracebility a feasible practice considering the time/effort spent on it and the 

benifits that it provides? 
  

6. Do you think test-list can be used for requirements traceability in TDD/Agile? 
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APPENDIX H 
 

Background Information of Interviewees 
 
 
Interviewee ID Abbreviation Used Organization Experience Dasignation  
Interviewee 1 [Interview-1] A More than 5 

Years 
CEO 

Interviewee 2 [Interview-2] B More than 5 
Years 

Project Manager 

Interviewee 3 [Interview-3] C 3 Years Developer 

Interviewee 4 [Interview-4] D   More than 5 
Years 

Developer 

Interviewee 5 [Interview-5] E   2 Years Developer 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 




