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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in 
fulfillment of the requirement for the degree of Master of Science 

 
METHOD AND TOOL TO GENERATE REQUIREMENT TRACEABILITY 

MATRIX FOR SCRUM DEVELOPMENT METHODOLOGY  
 

By 

GUNAVATHI DURAISAMY 

October 2014 

 

Chairman: Associate Professor Rodziah Atan, PhD 

Faculty: Computer Science and Information Technology 

 

Requirement traceability matrix is a table that captures the complete user 
and system requirement for a system. It helps to trace from requirement till 
testing in order to verify that the requirement is fulfilled. In SCRUM 
development methodology, requirement traceability matrix is used to capture 
the linkage of user stories between product backlog and sprint backlog 
documents. The linkages between the requirements are retrieved through 
these two documents. However, unstructured format of both documents do 
not help in requirement traceability. Thus, requirement traceability has 
become an issue for SCRUM practitioners especially for system development 
and maintenance phases. Therefore, this study introduce structured format of 
available artifacts which can create and maintain traceability link between 
those documents and develops a tracing tool to generate requirement 
traceability matrix automatically. Both the documents used in this study have 
to be prepared by using the proposed structured format and the developed 
traceability tool is able to generate the requirement traceability matrix 
automatically. Two case studies have been used for pre-test and post-test 
experiments. The result shows that the introduced structured format is very 
useful and it has increased the efficiency of retrieving the matrix far better 
than manual process. By using the proposed method and tool, it’s statistically 
shows significant result of time saving, completeness and correctness to 
generate requirement traceability matrix. Thus, the proposed method and the 
developed tool help in achieving requirement traceability in SCRUM 
methodology.  
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 
sebagai memenuhi keperluan untuk ijazah Master Sains 

 
KAEDAH DAN ALAT UNTUK MENJANA MATRIK KEBOLEHKESANAN 

KEPERLUAN BAGI METODOLOGI PEMBANGUNAN SCRUM 
 

Oleh 

GUNAVATHI DURAISAMY 

October 2014 

 

Pengerusi: Profesor Madya Rodziah Atan, PhD 

Fakulti: Sains Komputer dan Teknologi Maklumat 

 

Matrik keperluan kebolehkesanan adalah jadual yang merekodkan keperluan 
pengguna dan sistem yang lengkap. Ia membantu mengesan daripada 
keperluan pengguna sehingga ke ujian sistem untuk mengesahkan bahawa 
kehendak telah dipenuhi. Dalam metodologi pembangunan SCRUM, matrik 
keperluan kebolehkesanan digunakan untuk merekod kaitan antara cerita 
pengguna dari ‘product backlog’ dan ‘sprint backlog’. Hubungan antara 
keperluan akan diambil daripada kedua-dua dokumen ini. Walau 
bagaimanapun, format kedua-dua dokumen yang tidak berstruktur tidak 
dapat membantu dalam keperluan kebolehkesanan. Oleh itu, keperluan 
kebolehkesanan telah menjadi isu untuk pengamal SCRUM terutamanya 
untuk fasa pembangunan and penyelenggaraan sistem. Kajian ini 
memperkenalkan format berstruktur yang dapat menjana dan mengekalkan 
pautan kebolehkesanan antara dokumen yang sedia ada, serta 
membangunkan alat pengesanan untuk menjana matrik keperluan 
kebolehkesanan secara automatik. Kedua-dua dokumen yang digunakan 
dalam kajian ini perlu disediakan dengan menggunakan format berstruktur 
yang dicadangkan dan alat pengesanan yang dibangunkan mampu menjana 
matrik keperluan kebolehkesanan secara automatik. Dua kajian kes telah 
digunakan untuk pra-ujian dan pasca- ujian eksperimen. Hasilnya 
menunjukkan bahawa format berstruktur yang diperkenalkan adalah sangat 
berguna dan ia telah meningkatkan kecekapan dalam menjana matrik 
keperluan kebolehkesanan jauh lebih baik daripada proses manual. Dengan 
menggunakan kaedah dan alat pengesanan yang dicadangkan, pembuktian 
statistik menunjukkan keputusan yang signifikan dalam penjimatan masa, 
ketepatan and kelengkapan untuk menjana matrik keperluan 
kebolehkesanan. Keperluan kebolehkesanan boleh dicapai dalam 
metodologi pembangunan SCRUM melalui dokumentasi yang berstruktur 
seperti yang dicadangkan dan melalui alat pengesanan yang telah 
dibangunkan. 
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CHAPTER 1 

INTRODUCTION 
 

1.1 Introduction 
 

Software production increases in conjunction with fastest growing computing 
technology. It is getting larger day by day with increased number of artifacts 
along with the source codes. Software development processes have to go 
through several development life cycles since it is a complex endeavor. Each 
life cycle focuses on different level of software development activity such as 
planning, requirement gathering, requirement elicitation, analysis, design, 
development, implementation, validation and maintenance. Different kind of 
documentation is created for each level by different people and it requires a 
high level of maintenance to ensure these documents are up-to-date. 

 

Varieties of studies conducted to measure the success rate of software 
development projects and numerous software development methodologies 
were introduced to achieve delivering software on time. However, projects 
are often delivered over schedule with many quality issues. Agile 
development methodology is new and one of the preferred methodology in 
recent years (Scott, 2011) as it focuses on improving the development 
process. It is designed in a way that the end product delivered continuously 
with frequent changes.  

 

Agile is a philosophy was initiated by 17 signatories in 2001. A group of 
software practitioners and consultants (Lee & Xia, 2010; Cockburn, 2006; 
Beck et al., 2001) publish four agile manifestos as below. More details about 
these manifestos are described in Appendix A.  

 

“We are uncovering better ways of developing software by doing it and 
helping others do it. We value: 

1. Individual and interaction over process and tools. 
2. Working software over comprehensive documentation 
3. Customer collaboration over contract negotiation 
4. Responding to change over following a plan 
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That is, while there is value in the items on the right, we value items on the 
left more.” (Agile Alliance, 2001b). 

 

Documentation is one of the important activities in software engineering. 
Software documents explain how the software operates or how to use it and 
it means differently to people in different role. Large amount of associated 
documents are being generated for large software development projects. The 
common types of documentation being prepared are requirement, design, 
technical, end user and marketing specification. Creating and maintaining 
these documentations need a higher amount of costs. Therefore, the 
software development team has to give an equal attention and effort for 
documentation as of to the software development.  

 

However, this is different in organization that is practicing agile methodology.  
Agile methodology focuses more on working software than the 
comprehensive documentation, but it doesn’t mean that agile not producing 
any document. Agilists create documentations only when there is a need at 
appropriate point in the life cycle. Therefore tracing requirement from the 
available document is hard and sometimes impossible for developers 
(Cleland-Huang, 2012).  

 

Traceability is defined as “the degree to which a relationship can be 
established between two or more products of the development process, 
especially products having predecessor-successor or master-subordinate 
relationship to one another” by IEEE (2004). Requirement traceability is “the 
ability to describe and follow the life of a requirement, both forward and 
backward direction, ideally through the entire system lifecycle” (Mäder & 
Gotel, 2012; Cleland-Huang, Gotel, Hayes, Mäder, & Zisman, 2014; 
Hemalatha & Prakash, 2013). Requirement can be traced in two directions 
(Mäder & Gotel, 2012; Hemalatha & Prakash, 2013): 

i. Backward traceability: “following the requirement back to its origin”. 
ii. Forward traceability: “tracing the requirement to the modules and 

functions by which it is implemented”. 

 

In case of traceability is missing among the requirement or documentation 
being prepared, the main issue or problem faced by project team is the 
hardness to get the product to meet the original or core requirement in 
sequence. When there is a missing linkage in traceability between 
requirement and design specification, there are possibilities of delivering an 
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end product which does not met the intended outcome. This will lead to low 
quality in the delivered software. 

 

1.2 SCRUM Methodology 
 

SCRUM defined by Ken Schwaber as “a process that accepts that the 
development process is unpredictable, formalizing the “do what it takes” 
mentality, and has found success with numerous independent software 
vendors.” (Schwaber & Beedle, 2002). SCRUM has become increasingly 
popular in the past decade (Schwaber & Beedle, 2002). It practices time-
boxed process as: 

i. Iterative: the product is produced during the small cycles called 
iterations. 

ii. Incremental: the functionality of the product increase during each 
iteration by adding new properties. 

 

Communication among team members, team collaboration in completing the 
task, faster way of exchanging information between team members, 
teamwork, workable end product and flexibility are the key attributes of 
SCRUM which differ from other traditional methodologies. SCRUM allows 
frequent changes in specification as per end user requirement.  

 

1.2.1 SCRUM Documentation 
 

As the second manifesto of agile methodology (working software over 
comprehensive documentation) is being concerned, document or artifacts 
produced in SCRUM methodology are limited to: 

1. Product Backlog: This document contains the whole list of business 
and technical functionality to be developed.  

2. Sprint Backlog: Details for each item from product backlog are logged 
in this document. The list consists of business and technology 
features, enhancements and defect which are planned for current 
iteration. 

3. Burndown Chart: Remaining hours to complete for each of the item in 
sprint backlog are graphed in this chart. 
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1.2.2 Traceability in SCRUM 
 

As the requirement changes frequently at the end of each iteration, these 
changes have to be considered to be included in the next iteration. When 
there is no proper documentation has been prepared, the sprint backlog and 
product backlog have to be updated with the current changes required or 
take place as well as with the existing requirement list. At this point of time, 
SCRUM team faces requirement traceability linkage issues to see the 
impacted requirements which are already implemented and to be 
implemented. 

 

1.3 Problem Statement 
 

Traceability is essential in assuring that system is conform to requirements 
with terms are defined and used consistently which corresponding to the 
structures of models (Alexander, 2002). Even though, various standards and 
government agencies (Asuncion, François & Taylor, 2007; Leffingwell & 

Widrig, 2002) encouraging and mandating traceability, many organization 
take it infeasible to incorporate traceability into their practices (Alexander, 
2002). Currently the information about implemented requirements, code 
changes or test results are traced manually (Azmi, Ibrahim & Mahrin, 2011) 
and it is time consuming (Brinkkemper, 2004). 

 

Traceability links are typically stored “in a trace matrix” that is constructed 
manually by team members during system development (Port, Nikora,  Hihn 
& Huang, 2011; Borg, Runeson & Ardö, 2013). Building and maintaining 
complete and accurate trace matrices is “arduous and effort consuming” and 
so practitioners often fail to implement consistent and effective traceability 
processes (Espinoza & Garbajosa, 2011; Cleland-Huang, 2012). The “sheer 
number of artifacts” produced in a project, the differing levels of formality and 
specifically between various artifact types and the complex interrelationships 
between artifacts (Mäder & Gotel, 2012; Alexander, 2002) are the main 
reason of traceability links problem. SCRUM documents are only limited to 
product backlog and sprint backlog, and codes are treated as the final 
specification.  Limited content of the documents in SCRUM leads to limited 
references in requirement traceability. 

 

Developers view traceability as a heavyweight and burdensome activity 
(Cleland-Huang, 2012; Zhang et al., 2010). To understand the requirement, 
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developers are depending on the documentations. Without documentation, 
source codes are the only reference point for them which consume their time 
more and they tend to make mistakes easier (Azmi, Ibrahim & Mahrin, 2011). 
Traceability is “the ability to link between various artifacts in software 
development phases linking requirements, design, source code and testing 
artefacts” (De Lucia, Marcus, Oliveto & Poshyvanyk, 2012; Ramesh & Jarke, 
2001). Unfortunately, difficulties in using and maintaining traceability links 
causing many organizations failed to implement effective traceability. On top 
of that, developers rarely apply formal requirement specification techniques 
in practice while creating or maintaining requirement documentation. Due to 
this there are no proper linkage and identification in the documents in order 
to create or maintain the traceability links in SCRUM.  

 

All three problems which are, creating and maintaining traceability links 
among documents, time consuming in current manual method and informal 
structure of the document showed the necessity of proposed solution of this 
research. This study proposed a method to create and maintain links 
between product backlog and sprint backlog documents which eventually will 
reduce the time taken in generating requirement traceability matrix. 

 

1.4 Research Question 
 

Below are the research questions identified for the stated research problems: 

1. How to structure the existing format and content? 
2. How to create traceability reference links among the documents? 
3. How to retrieve requirement traceability matrix efficiently? 

 

1.5 Objective 
 

In this research, impact and benefits of traceability in SCRUM software 
development methodology will be studied to enable the development team to 
create and maintain requirement traceability links.  

 

Therefore, the study aims to achieve the following objectives: 



© C
OPYRIG

HT U
PM

6 

 

1. To propose a method that is able to effectively create and maintain 
requirement traceability links in SCRUM. 

2. To validate and demonstrate the applicability of the proposed method 
by developing its supported tool and conducting experiments. 

 

1.6 Scope and Assumption 
 

This study will focus on Agile – SCRUM methodology for requirement 
traceability among functional requirement and design. The requirement 
traceability will be based on the documents prepared by selected SCRUM 
team which are product backlog and sprint backlog. 

 

It is presumed by this study that the documents used are only SCRUM 
documents prepared by organization which currently practices the SCRUM 
development methodology. 

 

1.7 Significance of the study 
 

As this research aims to develop a requirement traceability method and tool 
for SCRUM methodology, the outcome of this study is to reduce the time 
taken to retrieving requirement traceability matrix automatically whenever 
needed by SCRUM team members. By achieving this, it would be beneficial 
for the organization who practicing SCRUM to maintain the bidirectional 
traceability among requirement even with limited documentation. 

 

1.8 Definition of Terms 
 

This part describes the several definitions that are used in this research. 
These definitions are by no means comprehensive, but it will provide a focal 
point for terms to be used in the following chapters. These definitions are as 
follows: 
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Definition 1: Requirement Traceability 

 “A characteristics of a system in which the requirements are clearly linked to 
their sources and to the artifacts created during the system development life 
cycle based on these requirements”. (Mäder & Gotel, 2012; Hemalatha & 
Prakash, 2013; Ramesh & Jarke, 2001). 

 

Definition 2: Requirement Traceability Matrix 

A table consists of features or requirement traces in both forward and 
backwards direction. A sample of requirement traceability matrix is shown in 
Figure 1.1. 

 
                                                   Source of sample image: www.westfallteam.com 

Figure 1.1: Sample Requirement Traceability Matrix 

 

Definition 3: Product Backlog 

Product backlog contains list of features and description of the functionality. 
Product owner have to maintain this documents and responsible to prioritize 
the product backlog items. It comprises features, bugs, technical work and 
knowledge acquisition as shown in Figure 1.2. 
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Source of sample image: https://www.mitchlacey.com/intro-to-agile/the-product-backlog 

Figure 1.2: Sample Product Backlog 

 

Definition 4: Sprint Backlog 

Sprint backlog consist of list of task to be completed for particular sprint or 
iteration as shown in Figure 1.3. Team selects the product backlog items and 
identifies the tasks to be done. After estimate the effort needed, the task will 
be assigned to the team members. 

 
                    Source of sample image: http://www.mountaingoatsoftware.com/agile/scrum/sprint-backlog/ 

Figure 1.3: Sample Sprint Backlog 
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1.9 Organization of thesis 
 

This thesis is organized into six (6) chapters. It starts with Chapter 1 which 
covers the introduction, background of the research, problem statements, 
objectives, scope significance of the study and definition of terms. 

 

Chapter 2 describes the literature review of this project. The agile 
methodology, SCRUM, traceability methods, requirement traceability, 
traceability tool and documents which are related to this study will be 
described in this chapter.  

 

Chapter 3 describes the research methodology used in this study. The step 
by step activities has been explained in detail in this chapter. 

 

Chapter 4 describes the system design and implementation of the developed 
traceability tool. In this chapter, the detail design of the tool has been drawn 
and explained. 

 

Chapter 5 shows the results and discussion on the developed tool based on 
the metric and attribute set. The result gathered for per-test and post-test for 
both case studies.  

 

Chapter 6 summarizes the overall study as a conclusion and some outline for 
the future work. 
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