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Abstract 
Context: Requirements change commonly occurs during the software development 

lifecycle. Requirements traceability is one of the important techniques to support requirement 
change management and analysis, ensure quality and keep requirements consistent during 
development. We find that existing research mentioned various issues and challenges during 
practicing requirements traceability, and the practitioners show certain obstacles on the subject. 
Major existing work of the area focuses on requirements traceability processes, frameworks, and 
techniques to address certain issues accordingly. And we want to focus on and investigate the 
existing challenges to practice requirements traceability systematically. 

Method: We investigate the requirements traceability and its challenges through a 
systematic literature review (SLR) of various concepts and existing challenges of requirements 
traceability, and a survey of 7 Chinese small-and-medium-sized enterprises (SMEs). With 7 
interviews, we studied different traceability practices and situations with the surveyed companies 
under the possible impact of requirement change, development processes, tools, and other factors. 
And then we conducted conventional qualitative content analysis to identify and classify the 
challenges in practicing requirements traceability. 

Results: With the systematic literature review, we classified 14 categories of academic 
identified challenges. Through the collected data of the survey, we identified and discussed 6 
categories of the requirement traceability challenges, involving costs, tools, awareness, 
documentation, etc. And we compared and discussed the connections and differences of the 
survey results with the literature for validation of our survey results and possible extension to the 
existing work.   

 Through research, we may help the practitioners to deal with requirements change with 
traceability practice better by recognizing and preventing the obstacles. Our research may provide 
researchers with more information on practical situations. And in the future, researchers may 
study the traceability models more effectively aiming at addressing the existing problems. 

Keywords - Requirements traceability; Requirements Change Management; Software 
Engineering; Challenges. 
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1 Introduction 

1.1 Requirements traceability   

Requirements traceability can be regarded as the ability to describe and follow the life of a 
requirement, in both a forwards and backward direction [41]. The importance of traceability has 
been widely recognized and it is related in many software development aspects, such as 
requirements change management [65].  

Requirements traceability is an effective approach to manage requirements change [17]. 
Requirements traceability is an important means to keep track of activities that meet the changing 
needs of the products. The changes of stakeholders’ requirements can be managed through the 
requirements management, requirements analysis and other aspects of work [17][39]. By 
practicing the requirements traceability, we can effectively manage changes in requirements 
before we can ensure that the product meets the customer's needs in the software development 
lifecycle [52]. Requirements traceability can better support change management and better 
support change impact analysis [56]. Requirements traceability has become a more mature 
technology for requirements change management. And currently, many enterprises practice the 
requirements traceability to manage and analyze requirements change [52][53]. 

1.2 Requirements change  

With the development of the software industry, people pay more and more attention to 
requirements change. Researchers in this regard, Abeer Alsanad, and Azeddine Chikh mentioned 
that requirements change is an important factor affecting the success of software development 
[51]. Customers will not pay the development costs of products that do not meet their 
requirements and accept the products that do not meet the requirements being a defective product. 
The requirements change will also affect the process and time of development and the invested 
effort and cost, and eventually affect the product quality and business profit. Software engineers 
and researchers are needed to use a number of specialized technologies to process and manage 
requirements change. The changing requirements in the software development phase can be very 
challenging to manage.  

Requirements traceability is recognized as an effective way to deal with requirements change 
and its effects [27]. From our survey, it shows in the industry that requirements traceability plays 
a valuable role during requirements change. As mentioned by practitioners, if a requirement does 
not change, the requirements will evolve and be implemented accordingly, and it doesn’t affect if 
the requirement is traced or not. However, when a requirement change, the traceability 
information will play an important play, such as to control the development process over the 
requirements and ensure each requirement is implemented correctly. 

1.3 The current situation of application of requirements traceability 
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The domain of requirements traceability has been put forward for about 20 years, and many 
new frameworks, models and tools have been proposed to meet the principle of the requirement 
traceability, such as proposed in [18][19][26][27]. These models, tools, and frameworks provide 
real help for improving the quality and performance of software development. However, in the 
application of the requirements traceability, there are difficulties that impede traceability practice. 
In the existing work, most research aims at proposing techniques, and mentioned some issues 
briefly as the motivation that the newly proposed techniques try to solve.  

Some issues have been mentioned, for example, the businesses do not see long-term benefits 
and lead to a development framework that does not fit the needs-plasticity principle, others do not 
even notice the need for traceability [45][17]. The commercial-off-the-shelf (COTS) traceability 
tool cannot well support the practices [33] [58] [41]. The cost to conduct traceability seems to 
overweigh the benefits [14][41][76]. There is a lack of knowledge and understanding about 
traceability for the practitioners [65]. 

 The adoption of requirements traceability techniques is an improvement of the process, and 
the earlier research indicated that the small and medium-sized enterprises are more likely to 
ignore the improvement of this process [50][21].  

1.4 Our research 

In order to study the issue deeper, this paper focuses on small and medium-sized enterprises 
in China. It is relatively easy to find the main problems within a targeted population and to 
control the confounding factors by limiting the context of participates [54]. And we decided to 
choose Chinese small and medium-sized enterprises (SMEs) as our research object. 

In order to understand the use of the traceability and the situations in the SMEs, we pre-
interviewed several potential candidate SMEs and selected 7 representative small and medium-
sized enterprises as the research objects, where we mainly study their specific practical 
experience. We collect feedback via interviews with the managers and engineers. Besides, we 
focused Chinese enterprises in the study for some reasons that with China’s large population, 
accounting for one-sixth of the world, and the Chinese market is an enormous market and a large 
number of small and medium-sized enterprises of the software industry are booming in China. 
China's small and medium-sized enterprises have a certain degree of influence on global market 
environment. And as we are Chinese students, we are more likely to find qualified Chinese 
candidates, to avoid the risk of language errors during the interview process. On the other hand, 
to gain the information from Chinese industry and cooperate with Chinese practitioners, there 
would be a great language barrier if the researchers are not Chinese speakers. Therefore, we 
chose the Chinese SMEs as our goal. 

At the same time, we study the related research methods to achieve theoretic-practice 
integration. We studied the challenges encountered by enterprises in facing changing 
requirements and the problems or deficiencies in practicing requirements traceability. Then, 
based on the results of the interview, we use qualitative content analysis method to analyze our 
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survey and combined with the experience of early researchers, to find the situations that these 
enterprises use the requirements traceability, and finally obtained our results. 

In Chapter 2, we provide our study of the previous work related to our research. And we 
discuss the relevant process models and requirement traceability related tools, which are selected 
to introduce because they are involved in the survey.  

In Chapter 3, we introduce the research method. It contains research questions, empirical 
research method, systematic literature review, data collection method, data analysis method and 
discussion of alternatives methods. 

 In Chapter 4, we provide the results of obtained articles by SLR combined with 
snowballing, and the design and process of interviews. And we provide a systematic comparison 
between our SLR results and existing SLR of related work. We mentioned in Chapter 4 that the 
interview transcribed full content is in Appendix 1, to not let its length affect the readability of the 
thesis. 

In Chapter 5, we analyze and discuss data from the survey and SLR, in order by answering 
each research question. 

In Chapter 6, we discuss the results from analysis with some related work and provide 
threads to the validity and implications. 

In Chapter 7, we provide the conclusion. 
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2 Background and related work 
In this section, we introduce the fundamental concepts of this thesis, what are requirements 

traceability and requirements change, why they are important and what challenges are 
encountered to practice them. And we also introduce two relevant software development process 
models (section 2.4) and two representative requirements management tools (section 2.5), by 
which requirements traceability and requirements change can be handled. And in the section 2.6, 
we discuss the related work, from which we show our research gap. 

2.1 Requirements traceability definition 

 Requirements traceability is commonly referred to the ability to describe and follow the life 
of a requirement, in both a forwards and backward direction defined by Gotel and Finkelstein 
[41]. They also defined requirements traceability into 2 basic types [41]: 

Pre-RS traceability refers to those aspects of a requirement's life before its inclusion in the 
requirements specification. 

Post-RS traceability refers to those aspects of a requirement's life that result from its 
inclusion in the requirements specification. 

And Sommerville and Kotonya further classified 4 types of requirements traceability [69]: 

Backward from traceability: Links the requirement to the document source or the person who 
created it. 

Forward from traceability: Links the requirement to design and implementation. 

Backward to traceability: Links design and implementation back to the requirements. 

Forward to traceability: Links documents preceding the requirements to the requirements. 

 There are also other definitions of traceability. Such as, the definition of IEEE Std. 830-
1998 is that a software requirements specification is traceable if “the origin of each of its 
requirements is clear” and if “it facilitates the referencing of each requirement in future 
development or enhancement documentation” [77]. And the definition of the U.S. Department of 
Defense Standard 2167A of traceability is that “the document in question is in agreement with a 
predecessor document to which it has a hierarchical relationship” [78]. And in [57], Torkar et. al. 
did an analysis of different definition used in the literature, and they found the definition of Gotel 
and Finkelstein is most commonly cited. 

The different definitions explained the traceability from different angles and provided 
multiple dimensions to view traceability. The definition of Gotel and Finkelstein pointed out the 
mark node of requirements specification and the direction of tracing activities- forwards or 
backward. The IEEE standards mentioned above explained from the angle of traceability degree 
matching to the post-RS and pre-RS stage of Gotel and Finkelstein’s classification. And the U.S. 
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Department of Defense Standard mentioned above concerned the content and structure of the 
documentation. 

In this thesis, we paid more attention to the post-RS according to Gotel and Finkelstein’s 
definition. We concern more on the activities after requirements specification in the lifecycle to 
relate to a requirement. We care about the actions to take when a requirement changes, more than 
why it changes, as how a requirement change is prior to the requirement specification and related 
to the source of the requirements. And according to Sommerville and Kotonya’s classification, 
we concern more about the forward from traceability and the backward to traceability. But we did 
not exclude the content of pre-RS requirements traceability. 

During the SLR, we found many articles did not clarify which type of traceability they 
focused on. And we may not be able to correctly or easily distinguish some challenges into either 
pre-RS or post-RS, or into the four types of Sommerville and Kotonya’s definition. Some 
challenges are related to both pre-RS and post-RS. As the two definitions classified by the 
activities of requirement lifecycle, while various articles may consider from other angles. Thus, 
during the SLR, we did not focus on the challenges of post-RS requirements traceability strictly, 
but of the overall requirements traceability. 

2.2 The importance of requirements traceability 

Requirements traceability is widely recognized to be an effective way to deal with 
requirements change and its effects, along with other benefits [27][18][23]. Requirements 
traceability provides control over functionality, quality, and changes [27]. For the control of 
changes, it ensures consistency in understanding and managing requirements [12]. 

Traceability can be used to describe the life cycle of requirements in both forwards and 
backward direction, to ensure each requirement is implemented correctly [41]. 

Rocha listed a lot of contributions to requirements change management [42]. A lot of 
researchers showed that traceability could be used as a technology to evaluate and reduce the 
impact of requirements change. Yin [40] mentioned that in software lifecycle that requirements 
change always occur and presented a requirement-centric traceability model to evaluate the 
requirements change by using graph and matrix.  

Effective requirements change management has an impact on the development of the 
system.  Traceability is helpful to the effective analysis of requirements and even helps to repair 
software defects, and responding to requirements changes. It will ensure the consistency and 
completeness of the whole system after the change, and then ensure the quality of the software to 
meet the needs of the relevant beneficiaries. In the lifecycle of software, traceable navigation has 
introduced many requirements traceability models, which play a very good role in the links 
between different artifacts of the software life cycle. 

 It is also discussed the difficulties in the traceability of requirements changes in practice, 
including the use of tools issues [16][27][41], and even the development costs. 
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Effective requirements traceability methods could support requirement consistent change 
evaluation, defects modification (maintenance), quality assurance, component reuse and project 
completeness [18] [23]. Traceability links between artifacts and requirements can be useful to 
requirement change impact analysis and maintenance [16]. It ensures the consistency following 
the change of requirements [19].  

Traceability supports higher product quality and effective response to changes, and allows 
verifying that the right product is developed in the right way [27]. Requirements traceability 
ensures that stakeholder needs are addressed, requirements are interpreted correctly, and 
requirements appropriately allocated [27]. 

Requirements traceability is used to trace every single requirement and its effect during the 
lifecycle [17]. Requirements traceability maps the requirements with the project artifacts, or in 
another word, it maintains a web of dependencies among the artifacts. The “mapping” or “web” 
can increase the efficiency of the requirements change management process [16], and allows 
determining the impact of changes easily [27]. 

In Agile, requirements traceability can also help in the managing product backlog, 
minimizing project risk and increasing stakeholder satisfaction and project complexity control 
[17]. Also, it may give an understanding of the history and reasons for the requirements and 
hence allow better change prediction in the future [17]. 

Despite the benefits and outcomes that recommends requirement traceability, it is not so 
direct and simple to practice or promote requirement traceability in the industry [41] [18]. It has 
been indicated that traceability techniques are associated with obstacles related to cost-
effectiveness, heavy manual work, tool supporting and so on. In this research work, we want to 
investigate in several enterprises what challenges exist and how they happened. 

2.3 Requirements change and Requirements traceability 

Requirements continuously change during the software lifecycle and it is often very difficult 
to manage these changed requirements [12]. Requirements change management concerns the 
effect and impact of the change, as well as the consistency of the change within traceability 
methods [19]. 

Maintaining requirements traceability information would increase the efficiency of 
requirements change management [16]. In another way, dealing with requirements change 
effectively requires an understanding of the nature of changes and control of their impact, which 
can be provided with requirements traceability [27]. 

Changing requirements affect all downstream deliverables especially if not controlled or 
analyzed [26]. Requirements change impact analysis is one of the direct benefits or outcomes 
with requirements traceability. Change impact analysis is an important activity for the 
requirements change management [40]. The requirements change management starts with 
problem analysis and changes proposal and followed by changes impact analysis, according to a 
workflow mentioned [16]. 
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Managing requirements change is one of the advantages of requirements traceability. On the 
other hand, traceability is also one of the solutions and approaches to handling requirements 
change. Other approaches can also help to handle requirements change such as risk management, 
agile methods, rigorous regression testing, comprehensive change management, and flexible 
software architectures [27]. And it is recommended in [27] to co-apply the approaches to 
managing the changes better.  

Practically, the requirement changes can be well handled with the standardized processes, 
such as process models, to provide control over the lifecycle where requirements change occurs. 
Also, tools can help to manage the requirements and process, such as Jira, which can help 
visualize the process and increase efficiency. 

2.4 Software development process models 

The software development process model, also known as the lifecycle model, refers to a 
kind of structural framework which reflects the implementation activities of the whole software 
lifecycle system development, operation, and maintenance [63]. The software development model 
can express the whole process of software development clearly and intuitively and define the 
phases of software lifecycle. The main activities and tasks are to be completed in each phase, as 
the basis of guiding software project development. From the waterfall model and the emergence 
of the Agile development model, the development of software requirements is influenced by the 
evolution of software development methods.  

2.4.1 Waterfall model 

The waterfall model is divided into several different and interrelated phases, each of which 
is a definite problem. meaning, requirements analysis, software design, coding, testing, operation 
and maintenance, and each stage of work above the results of a phase of work are based on, while 
at the same time providing a basis for the next phase of work [63]. The basis from the finished 
phase is visualized in the form of documentation, which provides traceable information for 
coming phases of work. 

Winston W. Royce first described the Systems Development Lifecycle (SDLC) based on the 
waterfall model in 1970 [63]. He did not actually state that it was called the Waterfall Model; 
however, he implies it by wing each step as preceding and succeeding stages. He discusses the 
stages and shows the importance of doing it systematically. This is the waterfall model that we 
often use in the development process model. 

The major advantage of the waterfall model for the SDLC is that it provides a structure for 
organizing and controlling a software development project. The single most important 
methodological need in this approach, however, is to identify user requirements accurately. 
Andrew P. Sage and James D. Palmer mentioned the disadvantages of the waterfall model [62] – 
A major defect with this method is that you cannot adopt major changes in requirements in the 
middle of the project. If the application has moved on to the testing stage and a requirement has 
been changed (at the direction of the project sponsor), it becomes difficult to go back and change 
it. Another issue can be the lengthy delivery of the final product. 
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The characteristics of sequential activities of waterfall models make it necessary for 
software developers to arrange their work in a sequential process when developing activities. 
Previous experience has taught us that when developing software projects, the sooner the code 
starts, the more likely the project will be completed. This is because early input into the code 
often means a lot of rework, while in the coding process to find errors to modify, is a very 
cumbersome work. Therefore, the waterfall model clearly requires that only the logical model of 
the system should be considered in the early stage of the project, i.e. the requirement analysis and 
the overall design phase, and the system logic implementation model is mainly considered by the 
software developers until the design is finished. Traceability between requirements and code can 
be effectively established because of clearly planned requirements and clear phases. 

 It is an important guiding ideology of the waterfall model to put the system logic design 
into strict separation from the physical implementation and start coding work when the design 
results are correct when the result is checked. Another important idea of the model is to require 
complete and accurate documentation for each phase of the work and to review the document. 
The complete and accurate documentation can effectively increase requirements traceability. At 
the end of each phase, the model allows to review documents, find problems, and minimize the 
cost of software development, which controls the risk of changing requirements and enables 
necessary changes in requirements to be phased in. 

Waterfall model combined with the structured method and strict software development 
management means, in software engineering development played an important role. However, 
there are still some drawbacks: 

(1) At the beginning of the project, the description of requirements by developers and users 
is often not comprehensive. The user is familiar with the work, so often ignores some of 
the same behavior activities, and developers usually do not understand the scope of the 
project involved, and cannot know whether the user's description is comprehensive, or 
even there may be a deviation in the interpretation of the content of the users.  

(2) The waterfall model is document-driven. Since the work done in each phase of the 
model is documented, it is difficult for unfamiliar users to fully understand the software 
products behind the text description. 

(3) In the development process, the prior choice of technology or requirements change 
rapidly. One needs to return to the front at a certain stage, and the previous series of 
content to be modified, this will affect the entire software development progress. In 
general, the requirements analysis process is critical to the entire software process, as 
can be seen from the waterfall model. The requirement analysis of this model has not 
paid much attention to the communication of relevant stakeholders, and the paradigm of 
the requirement document has yet to be improved. Therefore, the difficulty in 
documentation during the process affects traceability. 

Therefore, when requirements change, it can be difficult to make corrections for changes 
during the waterfall model process. Because the waterfall approach is that it takes a long time 
from the requirement to the implementation. And the process does not provide frequent visibility 
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and clear requirements for customers. Hence in practice, the waterfall model can be better applied 
in the iteration model to deal with requirements change. 

2.4.2 Agile development model 

Agile development takes the evolution of user requirements as the core, and an iterative 
step-by-step method for software development [17]. In agile development, software projects are 
cut into subprojects in the early stages of construction. And the results of each subproject are 
visual, integrated and operationally tested. In other words, a large project is divided into several 
interconnected, but can also be run independently of the small project and completed, in the 
process the software has been used. Agile modeling defines a set of core principles that provide 
the foundation for modeling practices in software development projects. Some of these principles 
are referenced from Extreme Programming and are described in detail in extreme programming. 

Agile has many advantages, including [46]: (1) the proposition is simpler; (2) it embraces 
more requirements changes; (3) good sustainability; (4) it can solve incremental changes in 
requirements; (5) allow to use multiple models; (6) quick feedback. 

Agile also has certain deficiencies. The large number of changes in the development may 
reduce the development efficiency. Agile development requires an understanding of software 
engineering and a very professional development team to perform agile development ideas and 
patterns for communication and operations, and then all developers need to learn agile 
development further, which typically consumes extra energy and time in many projects. [46]. 
Agile has a high degree of adaptability to requirements change, but it is the changes and iteration 
that increases the workload of traceability documentation. The use of user story or broken-down 
tasks somehow breaks the direct traceability from the plan (initial requirements) to the 
product(development), comparing to plan-driven models. In Agile, we can try to establish links 
between the developed elements, such as traceability between user story and tasks. 

2.5 Requirements management tools 

In this section, we want to introduce the related requirement management systems. They 
support the management of requirements traceability. We have chosen to introduce these two 
systems out of other available commercial tools because they are involved in the further survey 
results, although some other requirements tools provide support to the management of 
requirements traceability (e.g, Cradle, Visure, IBM Rational DOORS). 

Currently, there are some major problems in software development: budget overruns, 
delays, poor quality, and the difficulty of controlling the high quality of the budget to meet the 
expectations of users’ needs [41][14]. Most of the problems are related to requirements 
management and traceability analysis. And we include some issue as following: (1) incomplete 
requirements; (2) limited user intervention that requirements understanding are inaccurate; (3)  
unrealistic customer requirements expectations; (4) irregular changes in requirements; (5) did not 
adopt the science framework to the development of actual requirements management and the 
operation platform; (6) management methods and platforms are needed to carry out for 
requirement tracking and management and even to analyze the requirements change in time. 
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2.5.1 Task tracking system JIRA  

Since many of the companies in our survey have adopted the JIRA platform, we are 
conducting preliminary research and introduction here. JIRA is currently popular with Java-based 
architecture management systems, because Atlassian's company implements free tracking 
services for many open source projects, so in the open source world, its visibility is much higher 
than other products, and the ease of use is better, while open source is the user. Another feature of 
buying software, at the same time, the source code is also bought, easy to do two developments 
[55]. JIRA has a comprehensive, user-friendly interface, simple installation, flexible 
configuration, rights management and scalability are very outstanding. 

The main function of Jira [55]: 

- Problem Tracking and Management: users can manage projects, track tasks, errors, and 
requirements, notify collaborative notifications via Jira email, and increase the efficiency of your 
actual work. 

- Follow-up analysis of the problem: users can keep abreast of the project's problems and 
progress. The representation of the change in requirements can be recorded through logs and 
comments. 

- Project category management function: users can manage related projects by the group. 

- Component/module owner function: users can assign different components/modules of the 
project to the corresponding owner to handle the problem of the component. 

- Project Email Address Function: Each item can have a different email (the notification 
message for the item is sent from this address) 

- Unlimited workflow: users can create multiple workflows for different projects 

JIRA - Advantages 

It allows you to manage projects, track tasks, errors, and coordinate notifications through 
Jira's email notifications, improving efficiency, security, and scalability in real-world work. Jira 
allows you to create subtasks for demand change tracking. 

JIRA is not only a defect and demand tracking system, but also quickly integrates 
customers, developers, testers and every personal information, and helps smooth software 
development and quickly achieve the desired goals. Jira plugin under Eclipse and Idea, mainly in 
the end, through continuous integration, the software quickly completes the update, and the 
convenient operation will greatly encourage the software development of all parties including 
customers, and respond in time. Compared to similar software products, Jira is relatively cost-
effective. Jira retains a variety of documents including requirements documents and design 
documents and documents the development and requirements changes. The entire life cycle is 
fully documented and provides high traceability. 

JIRA-Disadvantages 
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There is no direct way to manage test requirements, test cases, and other features. However, 
users can use JIRA's customization to manage requirements, test cases, and test-link integration. 

2.5.2 Zentao project management system (ZentaoPMS) 

In the survey  companies, some companies used the software, and we also did some 
research on the software. ZentaoPMS (Zentao Project Management System) is an open source 
project management software used to solve the chaos in many enterprise management processes 
[47]. 

Introduction to ZentaoPMS 

It integrates product management, project management, test management, including task 
management, organizational management, and many other functions, which is an alternative to 
SMEs as a project management tool. Zentao's main management philosophy is based on agile 
project management methods – Scrum. Zentao perfectly reflects the nature of iterative 
development in Scrum [47]. 

ZentaoPMS technology framework 

ZentaoPMS is based on independent PHP development framework [47]. Through this 
framework, enterprise or third-party developers can easily and flexibly modify or extend 
functionality. ZentaoPMS is based on the LGPL protocol. Enterprises or individuals can access 
the project management software for free source code and installation and can be modified 
according to their actual needs. Its main management idea is based on Scrum. Scrum is a practical 
approach to agile project management, but as we all know, it only plans the core management 
framework, but the details need to be extended by the team. It is based on its management style 
and incorporates many needs, such as bug management, test case management, release 
management, document management, etc. ZenTao is not only an Agile project management tool 
but also a complete project management software, which is based on Scrum but not limited to 
scrum. It is also a creative product, project, test, the three concepts are clearly separated, product 
personnel, development team, testers, these three separate, mutual coordination, mutual 
constraints, interaction through requirements, tasks, bugs, and finally through the project 
receiving a qualified product. 

Zentao's central role in requirements change and traceability is similar to that of Jira, which 
satisfies the agile process. And Zentao has an advantage - open source, making it very useful in 
enterprise process management. This not only reduces costs, but one point is that COTS tools 
often fail to meet the full process of user needs. Users must spend a lot of effort to customize 
COTS tools [29]. The missing online features greatly limit traceability information, while open 
source and free features allow users to customize the process without costing too much. 

2.6 Related work 

With the development of the software industry, more and more attention is paid to the 
requirements traceability. Requirements traceability can help to assess the impact of requirements 
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changes on software development, and thus more actively handle the change in requirements in 
software development [43] [11] [15].  

In [41], Gotel analyzed the situation and usage of requirements traceability and showed 
some challenges and guideline of requirements traceability. There are a lot of techniques and 
tools support requirements traceability. But lack of standard definition of requirements 
traceability and conflicts still cause problems. He presented a framework to solve these problems. 

Ramesh and Jarke [44] proposed a model to improve the traceability in practice. They 
presented a requirements traceability model that should include traceability links, methods, and 
tools. There are a lot of frameworks and techniques that have already been proposed to support 
requirements traceability [44][41]. But it remains questions if these frameworks and techniques 
improve the traceability in the practice and what challenges still need to be solved.  

In [45], Arkley and Riddle investigated and found that the lack of direct benefit is a 
challenge that reduces the attention paid in traceability in 2005. They proposed a traceable 
development contract to recode the information of traceability, to alleviate the problem of 
incomplete, inaccurate and out-of-date information and the lack of direct, tangible benefits to the 
main development process from traceability. But this method only analyzed in a small project 
team, and lack of formal language. They also wanted to solve the problem of traceability in 
practice. But they found there still have a lot of problems. 

Alsalemi and Yeoh investigated the use of requirements traceability in Agile development 
in 2016 [17] since the environment changed in ten years. The results showed the enterprises still 
pay few efforts on requirements traceability. The problem is that even though they think 
requirements traceability is essential, they cannot find suitable techniques of requirements 
traceability to support agile. 

TraceBoK [66] serve as a guide for practitioners to trace requirements. The authors 
conducted SLR to review the proposed approaches on requirements traceability and also 
conducted a survey to verify the approaches. 

In [68], B. Ramesh conducted a survey to find out the factors that facilitate or affect the 
practitioners to practice traceability and he paid attention to the organizational, environmental and 
development context. He distinct traceability users into two categories - low-end and high-end 
users. Low-end users mostly follow mandate unformed process to decompose and allocate 
requirements and serve verification. High-end users positively use traceability information by 
fully covering the life cycle and tracing across both product and process dimensions. 

In [70], O. Gotel and S. J. Morris mentioned the issue that comprehensive information is 
needed for decision making and make choices of media, its combinations and transformations for 
requirements record. As the record is an extension of traceability document and requirements 
related activities, as a starting point for requirements specification. Thus, the article focuses on 
the traceability of media recorded requirement information and proposed a framework to deal 
with media. 
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In [76], J. Cleland-Huang, G. Zemont, and W. Lukasik focused on the issue that the 
traceability practices and outcomes appeared to outweigh its benefits, which led to lack of 
interests and coordination among team members. Also, it can be hard to maintain and use 
numerous completed traceability links, especially in a low-granularity traceability level. The 
authors proposed an approach trying to maximize the return on the investment of requirement 
traceability - to select and combine multiple traceability methods with different granularity levels 
according to the characteristics and needs of each requirement. 

In [71], the authors mentioned a problem that establishing and maintaining traceability links 
gives a big burden because of the complex and large number of various artifacts. So this problem 
motivated them to propose a method to estimate requirements, which allows identifying 
traceability links based on requirements priority, cost and so on. 

In [72], Lee mentioned some still existing problems. That the traceability information 
remains to be out-of-date. The establishment of traceability does not support and integrate with 
the development process well and the problem has been neglected. Thus, the author proposes a 
derivation approach to address the issue. 

In [73], Wieloch et al. conducted an experiment of Trace by Classification (TBC) for 
traceability retrieval. They reproduced the data from non-functional requirements (NFR) 
experiment, to train the classifier to recognize the NFR, such as performance, security, and 
availability. The author presented the challenge to realize “total automation of (or one-click) 
traceability creation and trace maintenance” for researchers to improve the techniques. 

In [74], Cleland-Huang et al. mentioned an issue that practitioners often establish 
traceability aiming at the end phase for stakeholders to certificate and approve, and neglect the 
traces during early phases. To address the issue, the authors proposed a trace recommendation 
system using automated support tools to push trace recommendation timely to establish links. 

 Mahmoud and Niu mentioned in [75] that the manual work to maintain up-to-date 
requirement traceability matrices (RTM) is tedious. Similar point was also mentioned by [14] [25] 
[59]. In [75], to address this issue, authors want to explore dynamic and accurate ways of 
automatic traceability information retrieval. They conducted an experiment on existing 
techniques to explore their application.  

   Meanwhile, there is a few related works aiming at identifying the challenges of 
requirements traceability, such as [57]. Torkar et. al. [57] conducted a systematic literature review 
of requirement traceability and its challenges and investigated deeply in two Swedish companies 
for a case study. And the authors made a comparison of the identified issues to generate a list of 
existing challenges. We provide a detailed analysis of our results with this related work [57] in 
section 5.3.8. 

Also in [65], the authors perform a literature review to the existing articles of a conference 
in the past 20 years. They classified traceability topic by definition, challenges, contributions, 
tools, types of artifacts traced and etc. In the discussion of traceability challenge addressed, the 
authors classified 8 categories and provided the percentage of articles that addressed them. We 
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will further make a comparison of their literature review results with our SLR results, regarding 
the addressed challenges. 

 The literature indicated some obstacles to practice traceability. Mostly, the existing work 
focus on the proposal of models and techniques after mentioning certain needs or current 
deficiency as the motivation. In another word, most papers focus on one or two certain challenges 
and try to solve them, thus, we want to study the overall existing challenges through systematic 
literature review as well as an industrial survey. Identifying what are challenges can help provide 
the gap to future models.  

The hidden existing challenges that are scattered among the industry all over the world, 
resembling puzzle pieces of a massive map, awaits to be found. Although we can only try to 
reach for the completeness. A definite complete answer of the existing challenges can show 
exactly what functions of techniques are most needed and absent. One more industrial survey can 
at least contribute a puzzle piece reaching to a more completed collection of requirements 
traceability challenges. 

Also, we consider that the literature does not investigate the use of the traceability of the 
needs of Chinese SMEs. We need to conduct a survey on small and medium-sized enterprises in 
China and explore the use of these enterprises and the challenges they face. Thus, the practice of 
further exploring the need for traceability of the use of methods and experience. A study of 
Chinese industry can be more useful for the global study area. And for the language barrier, 
interviewing Chinese practitioners should better be performed by Chinese speaking researchers or 
students. 
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3 Research method 

3.1 Aim and objectives  

The aim of this research is studying the practical application situations of requirement 
traceability process to manage requirements changes in various enterprises, to identify the 
challenges to practice requirement traceability, especially under requirement changes 
circumstance. 

To reach the aim, we defined the sub-objectives as follow: 

 To study the existing work of requirement traceability and summarize the mentioned 
challenges in the literature through a systematic literature review. 

 To find out and analyze what challenges exist in the industry during requirements 
traceability practices. Discuss the challenges and the causes and essential factors to the 
challenges considering the enterprises' context, especially when requirements change.    

 To compare the survey results with the literature and find the connection and difference. 

With the study, we may help enterprises or organizations to deal with requirements change 
and practice requirements traceability methods better by identifying the obstacles. Future 
traceability models and tools can be designed to benefit the industry better with our study of the 
actual situations. 

3.2 Research Questions  

Research Question 1  
What challenges were reported in the literature regarding requirements traceability? 
 
We conduct a systematic literature review combined with snowballing to find related 

articles. During the review, it gives us answers to the research question, and also allow us to study 
process to provides us with an understanding of the requirement traceability area. 

 
Research Question 2  

What are the challenges faced in practicing requirements traceability in the Chinese 
SME, especially facing requirement change?  

 
We are interested in the situation and understanding of the practitioners in Chinese industry 

We previously noticed that the Chinese software industry may not pay attention to this subject 
when we previously discussed the subject with the practitioners. And we focus on the small and 
medium-sized enterprise (SME). Since the large enterprise context is very different and therefore 
targeting all size of enterprises increases too many confounding factors. In this research, we 
particularly want to find out the obstacles or challenges to apply requirement traceability. 

 
Research Question 3  
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What are the connections between the findings from the literature and  survey 
regarding the challenges of requirements traceability? 

To answer this question, we compare the literature results (answers to RQ1) and the survey 
results (answers to RQ2).  And we discuss the connection and differences for validation of the 
survey and possible extension of existing findings. 

3.3 Choice of research methods 

Here is an overview of the whole research process, including the input and output of each 
action and mapping with the research questions. 

Figure 3-1: Overall process and mapping with the research questions 

 

3.3.1 Systematic literature review (SLR) combined with snowballing 

We use a systematic literature review with a guideline [3] to select a collection of high-
quality related papers as a start set for the snowballing [1]. And we adopt snowballing to reach to 
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and select more highly related papers. By reviewing the papers resulted from this approach, we 
can answer to RQ1 and eventually partly to RQ3, as to identify the reported challenges and 
conduct a comparative study with our industrial results, as well as study the area in-depth and 
prepare for research.  

Systematic literature review (SLR) allows to review existing primary studies in-depth and 
describes their methodology and results.  SLR provides a well-defined methodology that reduces 
bias, a wider range of situations and contexts can allow more general conclusions, compared to 
common literature reviews [3][48]. 

 Kitchenham, B [3] conducted a systematic literature review using manual and mentioned 
that they may have missed some relevant studies. From the challenge of SLR, it is mentioned that 
the choice of the first step, such as database search, in the search strategy often becomes the only 
step, and we may miss important literature [1]. Therefore, we apply snowballing on the articles 
found by SLR to reach to more highly relevant articles. 

Discussion of alternative literature review method 

Systematic mapping study: SLR and systematic mapping both aims at identifying the gaps 
but different [48]. SLR can show where particular evidence is missing or insufficiently reported 
in existing work, but this is not possible in the systematic map [48]. For example, in this study, 
we try to enrich the evidence of the requirements traceability challenges. While systematic 
mapping focuses on the classification of the publications, and show which topic areas and which 
research types are the shortage of publications [48]. In our case, we already focused on an area 
and intend to review in depth. In a systematic mapping study, more articles are not necessary to 
be evaluated in such detail as in SLR [48]. However, we need to review in detail in order to gain 
knowledge of the area for further investigation. 

3.3.2 Survey 

We used the interview as the data collection method for the survey. A survey is conducted 
to find out the situation of a technique or tool. And the use of the techniques has already 
happened [54]. A survey is described as to capture a “snapshot” [54] of the targeted market or 
environment at the current time. We are interested in how requirements traceability plays the role 
in Chinese software industry and SME companies, by particularly analyzing the obstacles 
practitioners encountered or their attitudes and actions towards requirements traceability. 

A purpose of a survey is to understand a population from the particular sample [54]. Such as 
we want to gain an understanding of the requirement traceability situation in China by 
interviewing 7 practitioners from 7 companies. 

The analysis results from the survey answer to the RQ2. 

Deeper review and Comparison 

After the survey analysis, we review the literature deeper to search for indicated challenges 
in the literature. The step is designed after the survey by order, to avoid the assumption that 
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researchers may influence the results by looking for specific outcomes [49]. And we extract 
challenge related data from the review. And we compare the data from SLR and survey to answer 
to the RQ3. 

3.3.2.1 Discussion of alternative empirical research methods 

Experiment 

An experiment is controlled by the researchers and the researchers ask the participates to do 
particular tasks [54]. And we want to observe what actually and naturally happened by the 
inquiring and communication rather than observing the outcomes of designed activities. 

Case study 

As defined by Yin [64], case study is “An empirical enquiry that investigates a 
contemporary phenomenon within its real- life context, especially when the boundaries between 
phenomenon and context are not clearly evident.” A case study allows collecting information by 
monitoring a complete software development project. Particular projects may not be most 
indicative to discover software development techniques [54] from some perspective. A case study 
can be valuable for such research, but different, with the explanation as follows.  

In a case study, the information is collected from observing the software development 
projects and researchers can relate identified results(challenges) with the context deeply and 
therefore provided “why”. While from a survey, the respondents explain from their multiple 
experienced projects and therefore provide information in more general perspectives.  

To study an object in a case study requires more time and effort than an object from a 
survey. The survey enables collecting data from more participates to generalize to a large 
population. And we use interviews to conduct a survey to ensure certain depth of the discussion. 
While the research requires high professional practitioners as the participates, it limited the 
number of qualified or knowledgeable respondents. 

A case study can observe from the “inside” of a project and provide in-depth causality. A 
survey can observe from the “outside” of the practices and tend to understand more generally 
existing phenomenon. In this case, since the Chinese software industry practitioners being the 
studying objects, we primarily care about their general understanding and the situations of 
requirement traceability, then how exactly in the future. 

3.4 Systematic Literature Review  

Based on the guidelines defined by Kitchenham, and Charters, B [3] and Claes Wohlin ’s 
guidance [1], we designed applied a strategic process based on the snowballing of strategy to 
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perform the systematic study. The process is shown in Figure 3-1.

 

Figure 3-2: Search Strategy 

3.4.1 Database 

To ensure that the articles we searched support our research, the articles need to be in a 
sufficient quantity. We chose a broad and professional database in the field of software 
engineering. Considering our strategy, we chose the databases which are easy to perform 
keyword searches and able to avoid bias. In addition, the database should be updated frequently 
to ensure that we can get the latest articles [1]. So we selected Inspect and Summon@bth as our 
review database. 

3.4.2 Keywords and search string identification 

In the literature review, we need to determine some suitable keywords, according to the 
appropriate keywords in the database search.  

Based on our goals, we review the technology, processes, and circumstances of 
requirements traceability and the requirements changes. 

According to the keywords, we identify the following search strings:  

(software) AND (requirement change) AND ((“requirements traceability”) OR (“trace 
requirement”) OR (“track requirement”)); 

We used this string in Subject/Title/Abstract with Inspec, and only in Abstract with 
Summon@BTH. 
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We did not include keywords “challenge” or “difficulty” into the string for the following 
reasons: (1) Many articles did not mention such words but actually discussed certain challenges; 
(2) When an article mentions the words of “challenge”, “difficulty” even “issue”, they do not 
necessarily refer to the challenge of practicing requirement traceability; (3) If we include 
challenge keyword, the number of article results are small and many challenges are irrelevant. 

Thus, for the reasons above, we choose to select articles that discussed the challenges 
manually.  

However, the choice of secondary database may bring certain concerns. We will discuss the 
tradeoff and limitation of the database in section 4.1.6. 

3.4.3 Selection Criteria  

To ensure that the selected articles support our research, we defined the inclusion/exclusion 
criteria to configure the criteria shown in table 3-1. 

Table 3-1: Inclusion and exclusion 

Include Exclude 

-The article is written in English. 

-The article is highly related to requirements 
traceability, requirements management or 
software engineering. 

-Especially the articles that discussed the 
requirements traceability challenges. 

-Articles are journal articles or conference 
article.  

-The article is not written in English. 

 - Articles that are not in the area of software 
engineering. 

- Articles that are not related to requirements 
traceability. 

- Articles that are not available in full text. 

-Articles are not in the form of Journal 
article or conference article. 

 

3.4.4 Snowballing  

We get more featured articles by snowballing [1] from the results of the systematic literature 
review. 

 Start set 

We used systematic literature review to identify the articles above, and further search for 
more articles using snowballing strategy through the relevant content of the selected paper. 

 Iteration 
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We have consulted the references for the initial set of papers that discussed above. We 
checked the articles that cited these selected papers known as the forward snowballing and 
meanwhile, we checked the reference list of the same examined papers known as the backward 
snowballing. We referred to the guideline of snowballing in systematic literature study [1]. 

We then read the abstract and major content of each found article and select which are 
highly relevant to our research. We have included and excluded the terms of the search, based on 
the selection criteria shown in table 3-1.  

During the backward snowballing, we included some articles that were published over 10 
years, as we found they were cited in many articles and provided fundamental concept, such as 
[41]. 

Eventually, we did four iterations of forward and backward snowballing. As on the third 
iteration, only a few listed articles are new and relevant to our topic, and some highly relevant 
articles are repeating and already included. And on the fourth iteration, there is no articles are 
included. Thus, we finished the snowballing on the fourth iteration.  

3.5 Survey 

3.5.1 Data collection 

We choose to use the interview to collect data for the survey. The interview is one of the 
most frequently used data collection method and most important sources of data in software 
engineering because much valuable knowledge is only currently available in the minds of the 
people working in the investigated companies [5]. In this study, the actual practice and experience 
of the area in the industry that we are interested are also best known by the practitioners. In the 
survey, we want to focus on several enterprises and investigate deeply. 

We choose to collect data on research questions through interviews. The interview is 
commonly used to elicit process in software engineering [4]. And We choose to conduct semi-
structured interviews. 

For the preparation of the interview, we studied existing theory by systematic literature 
review before the data collection. We elicit targeted questions of interests from the literature 
review and prepare for the interviews. We can identify related actions or processes that support 
requirement traceability in the industrial practice and description of the interviewees by learning 
from the literature. 

In an unstructured interview, the interviewer asks open-ended questions to elicit maximum 
information [4]. Interviewees may even be the source questions discussing the topic [4]. In a 
structured interview, the interview has the specific objective of information elicited from 
interviewee [4]. And a semi-structured interview compromises the feature of both types. A semi-
structured interview mixes open-ended questions and specific questions to elicit foreseen answer 
and unexpected information [4]. Thus, we conducted the semi-structured interview. 
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Companies have different degrees of attention and understanding of our research questions. 
It is possible interviewees may not understand the question and match it to their practical process. 
In this situation, we need to lead them to through basic questions, specific answers, and memories 
of critical situations. In this case, specific questions can lead the interviewee to the specific part 
during development -  tracing methods or actions facing requirement change. After interviewee 
understands the topic entirely and recollects relevant practices and process clearly, the interview 
can be switched to a more unstructured interview. And sometimes companies may have a more 
mature and systematic method to manage requirement change. And we can raise open-ended 
questions to understand a company's effective methods if they apply. A less structured interview 
can help to elicit technical information as much as possible. 

During interviews of the research, we raise open-ended questions and specific questions 
regarding the different understanding of interviewee and maturity of the industrial process. Thus, 
we conducted semi-structured interviews. 

Discussion of the alternative data collection method 

We also considered a questionnaire to collect the data. But considering the response rate, the 
questionnaire may not be suitable for our research. Two aspects about respondents are essential to 
make sure the validity of the survey, as enough number of respondents we can approach and 
enough number of respondents who can return meaningful results [4]. Approaching enough 
number of organizations as respondents of the questionnaire contains high risk. Also, respondents 
who can answer with meaningful information are a small population, as they must at least 
participate in requirement management in software organizations. Thus, the number of 
meaningful response can be a problem to conduct a survey. 

However, interview helps to investigate information more in-depth than questionnaire to 
targeted respondents and requires not a much more significant number of respondents as a survey. 
Only participants of management of requirement change in a company can provide meaningful 
information in our research. It is difficult to approach to a large number of these targeted 
respondents, and each respondent knows about the answer to questions very well. We thus 
consider the interview is more suitable for the research. 

Through interviews, we can get a more detailed understanding of the respondents’ thoughts 
and attitude about the subject. The truthfulness of the survey is more reliable. The information 
cannot be obtained from the questionnaire can be solved by the interview. 

3.5.2 Sample strategy 

Sampling survey is to choose some units from all the research objects to carry out the 
survey, and then estimate and infer to all the research scale [61]. Its purpose is to obtain 
information reflecting the overall situation, so it can also play the role of a comprehensive 
investigation. 

Survey samples are selected according to the principle of randomness. In general, the 
chance of each unit being extracted is equal. Therefore, it can ensure the uniform distribution of 
the selected units in the overall, without bias errors and strong representativeness [61]. 
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The whole sample unit is taken as a cluster and the whole cluster is used to represent the 
whole, instead of representing the whole with a randomly selected individual. 

3.5.3 Recruiting strategy of participates 

With a systematic literature review, we can generate effective pre-interviews, interview 
questions and an introduction to our research, to persuade enterprises to participate in the survey. 
We then arrange pre-interviews with some small-and-medium sized companies to check if they 
know about related methods and concepts and if they use any of them. We select those who apply 
related methods to perform interviews. Persuasion to enterprises can be challenging, and we are 
prepared for its difficulty. We know individual employees who work in IT service enterprises 
who are willing to cooperate with us. And we can expand from them to more people who work in 
organizations to join in the survey with a better chance. 

3.5.4 Interview design 

3.5.4.1 Interview questions 

Firstly, we need to determine our interview structure, we decide to use the semi-structured 
interview according to [4]. It is mixed with open-end and closed question, and it can help us to 
investigate the usage of requirements traceability deeply. Closed questions give scenarios that 
narrow down the interviewee understanding of the subjects to the focus and clarify the ambiguity, 
and open-end questions allow more valuable information to be captured. 

Secondly, we need to plan our interview question and ensure the interview results can 
answer our research questions. The interview questions are one of the outcomes of the literature 
review. The interview questions we planned shown in table 4-2. 

 
Table 3-2: Interview questions 

Interview question sub-question 

1. Did you trace the requirements to manage the 
requirements change? 

How do you trace the requirements to 
manage the requirements change? 

1. Do you link a specified requirement to 
artifacts in different phases?  

2. Do you establish the requirements 
traceability link between - Other 
requirements, Design elements, Code 
modules, Test cases, Other elements? 

3. Did you ever neglect to update the 
traceability link or traceability data, after 
some elements in the link have already 
been finished or changed? 

2. What approaches did you use to support 
requirements traceability? 

Why you choose these approaches currently 
instead of other approaches? 
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Thirdly, we need to select interviewees. According to [9][10], the interviewee selection 

needs differences instead of trying to replicate similarities. Only managers and engineers can 
answer our question, but we select interviewees from different companies which use different 
development modes and work on different platforms and environment. In addition, they must be 
professionals and have enough knowledge about traceability. We also used a pilot interview to 
test and improve our questions. 

3.5.4.2 Interview process 

1)  To have help the interviewees understand our research, we need to introduce our aim and 
objectives. Before the interview, we sent the interview content document to potential interviewees 
or contacted company employees, to let them be prepared to answer our questions and feel 
comfortable. Since interviewees get enough time to prepare the interview, it can make the 
interview more efficient [9][10]. The document introduced background, purpose and topic of the 
interview, as well as scenarios or examples where traceability is related and questions to ask. The 
interviewee can have an understanding of what the interview focuses on, check if they are 
familiar with the information, and collect their knowledge before the interview. Most contacted 
potential interviewees found they can answer these questions. And one contact introduced a 
colleague in the same company who knows the answers better to the interview. 

2) Before the interviews, we make sure that the interviewees agree that we would record the 
information and use the interview data in the survey of our thesis. And we agreed that the 
company name and the name of interviewee will be anonymous. This can ease the interviewee’s 
evaluation apprehension, which refers to that people may try to look better being evaluated [49]. 

3) During the interview, we asked questions according to the answers of interviewees, rather 
than sticking to the question list. We also propose new questions according to the answer. 

3. Did you use tools to support these 
approaches? 

If not, what was the reason  

4. Have you experienced any difficulty or 
challenge when applying with requirements 
traceability to manage requirements change? 

1. Please introduce some cases, and the 
influence of these challenges and the final 
solution. 

2. What is the influence of these challenges after 
they occur?   

3. How did you solve these challenges? 
 

4. After applying requirements traceability to 
the process: what advantages and 
improvements can you observe as a 
consequence? 

Please introduce some cases, and what role 
does traceability play? 
 

5. What is your suggestion in these situations?  

6. Do you have some more experience that you 
want to share? 
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4) During the interview, the interview is recorded both in note and audio, and we can use 
these to recollect the interview. 

5) By the end of the interview, we summarize the interview to ensure the result is unified 
with interviewees’ opinion. 

6) At last, if they admit us to interview, we plan the interview with interviews. 
 
Our interviews are processed based on the prepared questions. Questions we asked in each 

interview are not precisely the same as prepared questions. We ask more questions than prepared 
based on answers. 

All interviewees often answered more than just the question and also gave much other 
related information that they could consider as important. Since after reading the introduction 
ahead, they could have a good understanding of what we want to know. 

Interviewees have different perspectives and knowledge from the view of their roles. Each 
person's view is unique but limited due to their particular role and experience. The answers to one 
same question from different interviews are usually not at the same abstract level or from parallel 
options. So, we asked more questions trying to lead them to consider in another way and extract 
more knowledge. And some following questions could be already covered by given answers. We 
expect interviewee would answer with the same information, so we dwell briefly on those 
questions. Each interview persists from 25 to 50 minutes. It showed that time depended on how 
much relevant information interviewee knew and also related to company size. 

 
3.5.4.3 Transcription 

During the transcription, we transcribe the interview according to the documentation and 
audio record. 

To ensure the transcription is correct and objective, we each researcher authoring this work 
transcribed the material separately and checked the transcription of each other.  According to our 
SLR and the description of these interviewees, we extract the codes together. Then the 
transcription becomes the initial data of the following analysis. 

Following the guideline [7] and an example case [22], we extracted the codes together . The 
code is a short description that highlights important information. We look at all the code 
carefully, carefully, especially through different companies to detect some duplicate code. We 
understand this phenomenon by transferring similar code to a category, We also analyzed the 
links between classifications. The analysis process is presented in the next chapter Analysis. 

We fully transcribed the interview from our audio records and notes. We transcribed in the 
form of describing, instead of the form of conversation (questions & answers). In the 
consideration of the length and readability, we place the full transcription in Appendix 1. 
 

3.5.4.4 Verification 

We verified the transcription with the interviewee to ask them if the information is consistent 
with their descriptions and knowledge. The verification is to increase the correctness of data. The 
verification can enhance us to reveal the pattern from the original data at the beginning and avoid 
the risks if we misunderstood. 
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3.6 Data Analysis  

3.6.1 Data analysis of SLR 

To conduct the SLR, Kitchenham [3] listed the steps: Identification of research; Selection of 
primary research; Study quality assessment; Data extraction and monitoring and data synthesis. 

Therefore, we include the steps as our data analysis of SLR: 

- Data extraction  

- Data synthesis 

Procedure:  

 

Figure 3-3: Data analysis of SLR 

We review the selected articles and provide a data extraction form [3]. The form contains 
general information, outcome summary and research method. The data extract form can help us 
locate which articles are focusing on a certain topic that we need at any certain point. It enables 
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us to review the specific articles again to highlight the challenges mentioned in some of the 
articles. The data analysis form is provided in section 4.1.3. 

The data synthesis as the outcome or results of the SLR data analysis. We summarize the 
challenges and provide the results in section 5.1.3. 

3.6.2 Data analysis of survey 

3.6.2.1 Qualitative content analysis 

We choose to apply qualitative content analysis to analyze the data. “Qualitative content 
analysis is a systematic procedure for analyzing texts according to defined rules” [6]. The 
qualitative content analysis allows insights emerge from collected data, open to absorb 
unexpected research results or answers from interviewees in this research [6].  

Qualitative content analysis is suitable to use combined with literature review and an 
interview survey. Since existing theory or research can help provide the variables of the topic or 
the relationships among variables, to determine the initial coding scheme [7].  

Qualitative content analysis is also suitable to combine with the semi-structured interview. 
Since during data collection through interviews, it is recommended to raise open-ended questions 
followed by targeted questions about the predetermined categories, if data are collected primarily 
through interview [7].  

We observe and elicit from the actual situation. During the interviews, we can raise targeted 
questions about the predetermined categories of our topic, and as well as open-ended questions to 
allow new categories and insights emerged from the information of interviewee [7].  

Three qualitative content analysis approaches were introduced in [7] and we conduct the 
conventional content analysis, which is most suitable for our study based on the reasons [7]: 

- Conventional content analysis is generally used with a study design to describe a phenomenon. 

- The directed approach aims to validate or extend conceptually an existing theory. 

- Summative content analysis is an attempt to explore the usage by analyzing the frequency of a 
particular word or content in textual material. 

In our study, we want to find out the application and challenges of a technique and concept 
in the industry, as to describe a phenomenon, rather than to validity existing work or to search for 
the frequency of specific content. 

Steps to conduct conventional qualitative content analysis based on the description in [7] : 

label codes: by highlighting the exact words from the text that appear to capture key 
thoughts or concepts. 

Identify how different codes are related and linked, and sort codes into categories to 
organize and group codes into meaningful clusters. 
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Further, identify the relationship between categories. 

We will explain the detailed steps in the Analysis chapter - how we perform the analysis. 
Conventional qualitative content analysis still allows the various processes to analyze. We refer to 
a representative example [22] that conducted the conventional qualitative content analysis, and 
we follow its analysis structure or process as a guideline to our study.  

3.6.2.2 Discussion of alternative method - Grounded Theory 

We also considered the grounded theory. Grounded theory aims at developing a theory to 
explain a phenomenon, and it is suitable to use when the generated theory does not exist or to 
abstract [8]. In our research, we want to investigate the industrial application of requirements 
traceability methods and analyze data elicited from the reality, however, based on the early 
research work to gain knowledge of the area.  While grounded theory aims at generating a new 
theory that researchers generally do not have theoretical assumptions before the start of the study, 
starting with actual observations, summarizing the empirical summaries from the original data, 
and then rising to the theory [8]. In grounded theory, the generated theory should be traced back 
to the original data, emphasizing the verification of the existing theory. While our study gains 
knowledge from existing theories by systematic literature review, which supports us to generate 
interview questions and provides bases for further data analysis. 

3.6.2.3 Analysis process 

The analysis gradually interprets transcription into logical viewpoints [22]. In the previous 
chapter, we introduced the general three steps from the guideline [7]. In this section, we elaborate 
the three steps into “how we did it” in the practice.  

(1) label codes: by highlighting the exact words from the text that appear to capture key 
thoughts or concepts [7]. 

We labeled the code under the content to highlight the content. Here is an example from 
Appendix 1.  

 

Figure 3-4: Example of labeling code 



 

Page 35 of 120- 

 

Figure 3-5: Example of labeling code 

(2) Identify how different codes are related and linked, and sort codes into categories to 
organize and group codes into meaningful clusters [7]. 

From a large number of codes, we can efficiently identify the content that can answer to the 
research question 2 with the highlight of codes.  

And we classify the related content and codes into categories. We identified 6 categories. 
Each category is presented and discussed in table 5-1 to 5-6 or section 5.1.1 to 5.1.6. A category 
assembles the underlying meaning of information in a category and links through quotes and 
codes [22]. 

The contents are recorded as “meaning units” [22]. A meaning unit is an idea unit or 
statement of analysis that relate to the same central meaning [22]. In this thesis, we elicit 
important information from the interview transcription. And we quote and edit the original 
phrases of interviewees into quotes that can show the real meaning of interviewees as well as 
logical and readable. We re-group the quotes that indicate the same topic or phenomenon. Quotes 
under the same category here are related to the same central meaning. 

(3) Further, identify the relationship between categories [7]. We find some inter-dependency 
between the categories (challenges) a discuss the relationship in section 5.2.7. 

In each category, we edited the interview quotations into “meaning units”.  

Meaning unit: 

A meaning unit is an idea unit or statement of analysis that relate to the same central 
meaning [22]. In this thesis, we elicit important information from the interview transcription. And 
we quote and edit the original phrases of interviewees into quotes that can show the real meaning 
of interviewees and can be readable. We re-group the quotes that indicate the same topic or 
phenomenon. Quotes under the same category here are related to the same central meaning. In 
short, a “meaning unit” in the analysis can be regarded as a formalized quote from the 
interviewee. 
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4 Results 

4.1 SLR and snowballing 

4.1.1 Selected Articles of Systematic Literature Review 

According to our search string, we found 712 articles. After applying the 
inclusion/exclusion criteria, we selected 62 articles. First, we remove the overlapping papers. 
Second, we read the full-text of these articles and select the useful papers according to the quality 
assessment. Finally, we selected 28 articles which can be used to support our research.  The 
results are shown in table 4-1. 

 
Table 4-1: Systematic literature review results – amount 

 
The detail of these articles is shown in table 4-9. It contains the summarized information 

about the content summary, database, authors, year, research field, research method, source, and 
reference number. 

 Research methodology: 14 articles used the case study as the research methodology; 6 
articles used literature review combined with snowballing; and 6 articles used the experiment as 
the research methodology; 3 articles used the survey as the research methodology; 7 articles used 
literature review, as shown in figure 4-1. 

Source: 18 articles are conference articles whereas 9 articles are journal articles, as is shown 
in figure 4-2. 

Years: The publish years that are from 2007-2017 are shown in figure 4-3. 

Database Search string Total 
articles 

Candidate 
articles 

Selected 
articles 

Inspec ((((software) WN KY) AND ((requirement 
change) WN KY)) AND (((requirements 
traceability) OR (trace requirement) OR (track 
requirement) )WN KY)); 
 

415 33 19 

Summon@
BTH 

(Abstract:(software)) AND 
(Abstract:(requirement change)) AND 
(Abstract:((requirements traceability) OR (trace 
requirement) OR (track requirement)))  

297 29 9 
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Figure 4-1: Research methodology of articles 

 
Figure 4-2: Source of articles 

 
Figure 4-3: Published years 
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4.1.2 Selected Articles through Snowballing 

4.1.2.1 Start set  

Due to limited time, we selected 18 articles from the systematic literature review as the start 
set of snowballing: 

Table 4-2: Start set 

No. in 
refere
nce 

Article Citation 

[11]  Akman, S., Özmut, M., Aydın, B., & Göktürk, S. (2016). Experience report: 
implementing requirements traceability throughout the software development life 
cycle. Journal of Software: Evolution and Process, 28(11), 950–954.  

[12]  Adjepon-Yamoah, D. E. (2016). Towards Dependable Change Management and 
Traceability for Global Software Development, (August). 

[13]  Ozkaya, I., & Akin, Ö. (2007). Tool support for computer-aided requirements 
traceability in architectural design: The case of DesignTrack. Automation in 
Construction, 16(5), 674–684.  

[14] Hayes, J. H., Dekhtyar, A., Sundaram, S. K., Holbrook, E. A., Vadlamudi, S., & 
April, A. (2007). REquirements TRacing On target (RETRO): Improving software 
maintenance through traceability recovery. Innovations in Systems and Software 
Engineering, 3(3), 193–202. 

[15]  Mäder, P., & Egyed, A. (2015). Do developers benefit from requirements traceability 
when evolving and maintaining a software system? Empirical Software Engineering, 
20(2), 413–441.  

[16]  Esparteiro Garcia, J., & C. R. Paiva, A. (2016). A Requirements-to-Implementation 
Mapping Tool for Requirements Traceability. Journal of Software, 11(2), 193–200.  

[17]  Alsalemi, A. M., & Yeoh, E. T. (2016). A survey on product backlog change 
management and requirements traceability in agile (Scrum). 2015 9th Malaysian 
Software Engineering Conference, MySEC 2015, 189–194. 

[18]  Guo, Y., Yang, M., Wang, J., Yang, P., & Li, F. (2009). An ontology based 
improved software requirements traceability matrix. 2009 2nd International 
Symposium on Knowledge Acquisition and Modeling, KAM 2009, 1, 160–163.  

[19]  Kassab, M., Ormandjieva, O., & Daneva, M. (2008). A traceability metamodel for 
change management of non-functional requirements. Proceedings - 6th ACIS 
International Conference on Software Engineering Research, Management and 
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Applications, SERA 2008, 245–254.  

[20]  Yu, Y., Jurjens, J., & Mylopoulos, J. (2008). Traceability for the maintenance of 
secure software. IEEE International Conference on Software Maintenance, ICSM, 
297–306.  

[23]  Ferreira, P. J. A. V., & Barros, M. D. O. (2011). Traceability between function point 
and source code. TEFSE 2011 - 6th International Workshop on Traceability in 
Emerging Forms of Software Engineering, 10.  

[24] Assawamekin, N. (2010). An ontology-based approach for multiperspective 
requirements traceability between analysis models. Proceedings - 9th IEEE/ACIS 
International Conference on Computer and Information Science, ICIS 2010, 673–
678.  

[25]  Ghannem, A., Hamdi, M. S., Kessentini, M., & Ammar, H. H. (2017). Search-based 
requirements traceability recovery: A multi-objective approach. 2017 IEEE Congress 
on Evolutionary Computation, CEC 2017 - Proceedings, 1183–1190. 

[26]  Wen‐Tin Lee, Whan‐Yo Deng, Jonathan Lee, Shin‐Jie Lee. (2010). Change Impact 
Analysis with a Goal-Driven Traceability-Based Approach.29(2), 495–524.  

[27]  Vassilka Kirova, Neil Kirby, Darshak Kothari, and Glenda Childress (2008). 
Effective Requirements Traceability: Models, Tools, and Practices. Bell Labs 
Technical Journal 12(4), 143–158.  

[28]  Hongyu Kuang, Patrick Mäder, Hao Hu, Achraf Ghabi, LiGuo Huang, Jian Lü, 
Alexander Egyed (2015). Can method data dependencies support the assessment of 
traceability between requirements and source code? Journal of Software: Evolution 
and Process. John Wiley & Sons, Inc. New York, NY, USA. ISSN:2047-7473 
EISSN:2047-7481 

[29]  Saiedian, H., Kannenberg, A., & Morozov, S. (2013). A streamlined, cost-effective 
database approach to manage requirements traceability. Software Quality Journal, 
21(1), 23–38.  

[30] Egyed, A., Grunbacher, P., Heindl, M., & Biffl, S. (2007). Value-Based 
Requirements Traceability: Lessons Learned. 15th IEEE International Requirements 
Engineering Conference (RE 2007), 115–118. 

4.1.2.2 Iteration  

In each iteration of snowballing, we read the papers from the reference list of the start set 
papers as a backward snowballing, and read the papers citing the start set papers as a forward 
snowballing [1]. We include and exclude the read papers. The included papers are the current 
iteration results and the start set of the next iteration [1]. The result papers from each iteration are 
presented as follows. 
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 The first iteration of snowballing 

- Backward snowballing results: we selected the following 7 papers. 

Table 4-3: Snowballing results from the first iteration backward 

No. Article citation 

[32]  Di, F., & Zhang, M. (2009). An improving approach for recovering requirements-to-
design traceability links. Proceedings of the 2009 International Conference on 
Computational Intelligence and Software Engineering (pp. 1-6). 

[33] Kannenberg and D. H. Saiedian, [33] Remains a Challenge, CrossTalk: The Journal of 
Defense Software Engineering, 2009, pp. 14-19. 

[34] Salem, a. M. (2006). Improving Software Quality through Requirements Traceability 
Models. IEEE International Conference on Computer Systems and Applications, 
2006., 1159–1162. 

[35] Antoniol, G., Canfora, A., Casazza, G., De Lucia, A., and Merlo, E. 2002. Recovering 
Traceability Links between Code and Documentation. IEEE Trans. Softw. Eng. 28, 10 
(Oct. 2002), 970-983.  

[36] Gotel, O., & Finkelstein, A. (1997). Extended Requirements Traceability: Results of an 
Industrial Case Study. Requirements Engineering, 1997., Proceedings of the Third 
IEEE International Symposium on, 169–178.  

[37]  Cleland-Huang J, Chang CK, Christensen M. (2003). Event-based traceability for 
managing evolutionary change. IEEE Trans Softw Eng 2003;29(9):796–810. 

[38]  Cleland-Huang, J., Gotel, O. C. Z., Huffman Hayes, J., Mäder, P., & Zisman, A. 
(2014). Software traceability: trends and future directions. Proceedings of the on 
Future of Software Engineering - FOSE 2014, 55–69. 

 

- Forward snowballing results:  we selected the following 2 papers. 

Table 4-4: Snowballing results from first iteration forward 

No. Article citation 

[31] Lloyd, D., Moawad, R., & Kadry, M. (2017). A supporting tool for requirements 
change management in distributed agile development. Future Computing and 
Informatics Journal, 2(1), 1–9. 

[39] Königs, S. F., Beier, G., Figge, A., & Stark, R. (2012). Traceability in Systems 
Engineering - Review of industrial practices, state-of-the-art technologies and new 
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research solutions. Advanced Engineering Informatics, 26(4), 924–940. 

 

 Second iteration of snowballing 

- Backward snowballing results: we selected the following 3 papers. 

Table 4-5: Snowballing results from the second iteration backward 

No. Article citation 

[60] J. Huffman. Hayes, A. Dekhtyar, "Improving Requirements Tracing via Information 
Retrieval", Proceedings of the 11th IEEE International Requirements Engineering 
Conference, pp. 138-147. 

[44] B. Ramesh, M. Jarke, "Toward reference models for requirements 
traceability", Software Engineering IEEE Transactions on, vol. 27, no. 1, pp. 58-93, 
2001. 

[40] Yin Li, Juan Li, Ye Yang, and Mingshu Li. (2008). Requirement-Centric Traceability 
for Change Impact Analysis: A Case Study.  

 

- Forward snowballing results: we selected the following 2 paper. 

Table 4-6: Snowballing results second iteration forward 

No. Article citation 

[59] Cleland-Huang, Jane. (2006). Just Enough Requirements Traceability. 1. 41 - 42. 
10.1109/COMPSAC.2006.57.  

[57] R. Torkar, T. Gorschek, R. Feldt, M. Svahnberg, U. A. Raja, and K. Kamran (2012). 
Requirements Traceability: A Systematic Review and a Case Study, Int. J. Softw. Eng. 
Knowl. Eng., vol. 22, no.03, pp. 385–433. 

 

 Third iteration of snowballing 

- Backward snowballing results: we selected the following 6 papers. 

Table 4-7: Snowballing results from the third iteration backward 

No. Article citation 

[41] O. Gotel, A. Finkelstein, "An Analysis of the Requirements Traceability 
Problem", Proc. of First International Conference on Requirements Engineering, pp. 
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94-101, 1994. 

[45] P. Arkley, S. Riddle, "Overcoming the Traceability Benefit Problem", the Proceedings 
of the 2005 13th IEEE International Conference on Requirements Engineering 
(RE'05), 2005. 

[68] B. Ramesh, Factors influencing requirements traceability practice, communications of 
the ACM 41(12) (1998) 37-44. 

[70] O. Gotel and S. J. Morris, Crafting the requirements record with the informed use of 
media, in Proceedings of the First International Workshop on Multimedia 
Requirements Engineering, Washington, DC, 2006, p. 5. 

[77] IEEE Society, IEEE recommended practice for software requirements specifications 
(IEEE Std. 830-1998), Technical report, IEEE Computer Society, 1998. 

[78] Department of Defence, US. Military standard: Defense system software development 
(DOD-STD-2167A), Technical report, Space and Naval Warfare Systems Command, 
Washington, DC, February 1988. 

- Forward snowballing results: we selected the following 2 papers. 

Table 4-8: Snowballing results from the third iteration forward 

No. Article citation 

[56] Yuchen Zhang; Chengcheng Wan; Bo Jin(2016). An empirical study on recovering 
requirement-to-code links. 17th IEEE/ACIS International Conference on Software 
Engineering, Artificial Intelligence, Networking and Parallel/Distributed Computing 
(SNPD) 

[51] Abeer AlSanad and Azeddine Chikh(2015).The Impact of Software Requirement 
Change – A Review. 

 

 Fourth iteration of snowballing  

Backward snowballing results: 0 paper 

Forwards snowballing results: 0 paper 

From the papers citing the third iteration results and the reference list of third iteration 
results, we read and include no paper. 

4.1.3 Data extract form 

We provide some extracted data from some highly relevant articles, and the content of the 
data extract form is as followed: 
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Content: We include the below information in the form: 

General information: 

 Authors Title Source (e.g. journal article/book chapter/conference) Year of publication 
database Research field 

Outcomes:  

Summary: Outcomes (models or results), study characteristics and the comments on 
methodology and application. 

 Research method: Study design or the main methodology. 

The data helps us to locate or navigate where to look for – what the articles are about and their 
different emphasis and mentions.   

Table 4-9: SLR Data extract form 

Referenc
e  No. 

Title Authors and 

year 

Summary Research 
method 

and source 

[11] Experience report: 
implementing 
requirements traceability 
throughout the software 
development life cycle 

Akman, S. 

2016  

This article creates a model can be 
used in enterprises. Using this 
model, the enterprise can use 
different requirements traceability 
tools flexibility. (focus on JIRA) 

Literature 
review 

Journal 

[12] Towards Dependable 
Change Management and 
Traceability for Global 
Software Development 

Adjepon-
Yamoah, D. E. 

2016 

This article proposes a cloud-
based Reactive Middleware which 
provides dependable change 
management and traceability 

Case study 

Journal 

[13] Tool support for 
computer-aided 
requirements traceability 
in architectural design: 
The case of design track 

Ozkaya, I., & 
Akin, Ö. 

2007 

This article proposed a design 
track model to provide an 
environment for requirements 
traceability 

Case study 

Journal 
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[14] Requirements Tracing On 
target (RETRO): 
Improving software 
maintenance through 
traceability recovery 

Hayes, J. H., 
Dekhtyar, A., 
Sundaram, S. 
K., Holbrook, 
E. A., 
Vadlamudi, S. 
2007 

This article present Requirements 
tracing on-target (RETRO) as a 
tracing tool provide matrix 
improve the traceability and 
efficiently. 

Case study 
and survey 

Journal 

[15] Do developers benefit 
from requirements 
traceability when evolving 
and maintaining a software 
system? 

Mäder, P., & 
Egyed, A 

2015 

This article proves that improve 
the accuracy and performance of 
evolving and maintaining a 
software system. 

Case study 
and 
experiment 

journal 

[16] A Requirements-to-
Implementation Mapping 
Tool for Requirements 
Traceability 

Esparteiro 
Garcia, J., & C. 
R. Paiva, A. 

2016 

This article presents a prototype of 
the tool that provides can be used 
to link the requirement with 
HTML element and web page. 

Case study 

journal 

[17] A survey on product 
backlog change 
management and 
requirements traceability 
in agile (Scrum) 

Alsalemi, A. 
M., & Yeoh, E. 
T. 

2015 

This article discovers the lack of 
specific requirement traceability 
method for Scrum. 

Survey 

Conference 

[18] An ontology based 
improved software 
requirements traceability 
matrix 

Guo, Y., Yang, 
M., Wang, J., 
Yang, P., & Li, 
F 

2009 

This article presents an improved 
requirement traceability 
matrix(RTM) not only provide 
functional requirement traceability 
but also provide lateral functional 
requirement traceability. 

Experiment 

Conference 

[19] A traceability metamodel 
for change management of 
non-functional 
requirements 

Kassab, M., 
Ormandjieva, 
O., & Daneva 

2008 

This article presents a tool support 
NFRs traceability. It also proposes 
a traceability mechanism can be 
used to track requirements and 
manage changes to the system in 
XML models. 

Case study 

Conference 
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[20] Traceability for the 
maintenance of secure 
software 

Yu, Y., Jurjens, 
J., & 
Mylopoulos, J 

2008 

This article proposed and test a 
new traceability technology which 
has a high level of accuracy and 
flexibility.  

Case study 

conference 

[23] Traceability between 
function point and source 
code 

Ferreira, P. J. 
A. V., & 
Barros, M. D. 
O. 2011 

This article proposed a new 
traceability technology which 
provides links between function 
point and source code.  

Case study 

conference 

[24] An ontology-based 
approach for multi-
perspective requirements 
traceability between 
analysis models 

Assawamekin, 
N. 

2010 

This article proposed an 
enhancement the framework which 
can provide automatic generation 
of multi-perspective artifacts 
traceability. 

Case study 

Conference 

[25] search-based 
Requirements Traceability 
Recovery: a multi-
objective approach 

Ghannem, A., 
Hamdi, M. S., 
Kessentini, M., 
& Ammar, H. 
H. 2017 

This article proposed an approach 
to improve the requirements 
matrix. This RTM not only 
provides the traceability between 
requirements and software 
elements but also help the 
employee update the traceability 
links easier. 

Experiment 

Conference 

[26] Change Impact analysis 
with a goal-driven 
Traceability-based 
approach 

Rodríguez, R. 
M., Martínez, 
L., Torra, V., 
Xu, Z., & 
Herrera, F. 
2014 

This article proposed a 
requirement traceability approach 
to managing the requirement 
change. 

Case study 

Journal 

[27] Effective Requirements 
traceability: models, 
Tools, and practices 

Spiess, J., 
Joens, Y. T., 
Dragnea, R., & 
Spencer, P. 
2014 

This is article present a framework 
provides the guideline to design 
the effective requirement 
traceability models. 

Case Study 
and Literature 
review 

Journal 
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[28] Can method Data 
dependencies support the 
assessment of traceability 
between requirements and 
source code? 

Hongyu 
Kuang, Patrick 
mäder, HaoHu, 
Achraf Ghabi, 
Liguo Huang, 
Jian Lü, 
Alexander 
egyed. 2015 

This article investigates and found 
the data dependencies can be used 
to assess the traceability and 
complement dependency. 

Case study 

Journal 

[29] A streamlined, cost-
effective database 
approach to manage 
requirements traceability 

Saiedian, H., 
Kannenberg, 
A., & 
Morozov, S. 
2013 

This article proposed a 
requirement traceability approach 
can is used helpful to solve the 
lack of cost-effective models and 
tools. 

Case study 

Journal 

[30] Value-based Requirements 
Traceability:lessons 
learned 

Egyed, A., 
Grunbacher, P., 
Heindl, M., & 
Biffl, S.  

2007 

This article proposed an approach 
to balance the cost and benefits of 
requirement traceability to 
establishing approximately 
traceability in long-term trace 
utilization. 

Case study 

Conference 

[65] A review of traceability 
research at the 
requirements engineering 

Nair S, De La 
Vara JL, Sen S 

2013 

This paper performed a literature 
review and comparative analysis 
of the articles in Requirements 
Engineering Conference, and 
counted the articles in several 
aspects of traceability area such as 
– the definition, challenges, tool, 
etc. 

Literature 
review 

Conference 

[66] TraceBoK: Toward a 
software requirements 
traceability body of 
knowledge 

Duarte, Ana 
Marcia 
Debiasi, Denio 
Duarte, and 
Marcello Thiry 

2016 

This article defined the body of 
knowledge of software 
requirements traceability (SRT). 
The authors conducted an SLR to 
present the existing SRT 
approaches and verified with 
industrial application. 

Literature 
review and 
survey 

Conference 
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[67] Achievements and 
challenges in state-of-the-
art software traceability 
between test and code 
artifacts 

Parizi RM, Lee 
SP, Dabbagh M 

2014 

This articles reviewed and listed 
several state-of-the-art test-to-code 
traceability link recovery 
approaches. The authors estimated 
these approaches by comparison. 
And they discussed the obstacles 
of the realization of these 
approaches from the practitioners. 

Literature 
review 

Journal 

[71] A Value Estimation 
Method for Feature-
Oriented Requirements 
Tracing 

S. Ahn and K. 
Chong 

2008 

The articles proposed a value 
estimation method to estimate 
features such as requirements 
importance, requirements risk, 
cost, etc. This method helps to 
estimate requirements and artifacts 
in large complex systems. 

Experience 

Conference 

[72] Dependency Link 
Derivation Process and 
Theorems of 
Requirements Traceability 
Matrix 

W. Lee 

2016 

This article proposes a traceability 
link derivation process to establish 
requirements traceability matrix 
automatically. It helps to manage 
requirements by factors such as the 
degree of satisfaction, strength of 
dependency, dependency link 
direction and change impact 
analysis. 

Literature 
review 

Conference 

[73] Trace-by-classification: A 
machine learning approach 
to generate trace links for 
frequently occurring 
software artifacts 

M. Wieloch, S. 
Amornborvorn
wong and J. 
Cleland-Huang 

2013 

This paper conducted an 
experiment on a previously 
proposed technique Trace by 
Classification (TBC) to present the 
challenge to develop trace retrieval 
techniques that improve the 
accuracy achieved for tracing for 
other researchers to improve them. 

Experiment 

Conference 

[74] Breaking the big-bang 
practice of traceability: 
Pushing timely trace 
recommendations to 
project stakeholders 

J. Cleland-
Huang, P. 
Mäder, M. 
Mirakhorli and 
S. 
Amornborvornw

This article presents a trace 
recommender system to track 
satisfaction between artifacts and 
allow the recommendation to 
stakeholders of early development 

Experiment 

Conference 
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ong 

2012 

artifacts. 

[75]  Using Semantics-Enabled 
Information Retrieval in 
Requirements Tracing: An 
Ongoing Experimental 
Investigation 

A. Mahmoud 
and N. Niu 

2012 

This articles conducted an 
experiment on multiple 
information retrieval dynamic 
techniques to analyze and integrate 
tools and explore new ways to 
create and maintain traceability 
information. 

Experiment 

Conference 

[76] A heterogeneous solution 
for improving the return 
on investment of 
requirements traceability  

J. Cleland-
Huang, G. 
Zemont and W. 
Lukasik 

2004 

The author proposed an approach 
trying to solve the issue that the 
trace appeared to outweigh its 
benefit. The solution suggested to 
select and apply appropriate 
traceability techniques to allow to 
maintain traceability effectively. 
The authors found the proper 
combination of techniques delivers 
more value than applying a single 
technique. 

Experience 

Conference 

  

Table 4-10 SLR Data extract form (snowballing) 

No. 
/Referen
ce  

Title Authors and 

year 

Summary Research 
method and 
source 

 [32] An improving approach for 
recovering requirements-to-
design traceability links.  

Di, F., & 
Zhang, M.  

2009 

This paper proposed an automatic 
approach-LGRTL to recover the 
traceability link between 
requirements and design elements. 

Case study 
and 
Experimental 

Conference  

[33] Why Software Requirements 
Traceability Remains a 
Challenge 

Kannenberg 
and D. H. 
Saiedian 

2009 

This paper presented an introduction 
of the benefit of traceability and the 
challenge of requirements 
traceability. 

Literature 
review 

Conference  
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 [34] Improving Software Quality 
through Requirements 
Traceability Models 

Salem, a. M.  

2006 

The author proposed an intuitive and 
dynamic requirements traceability 
model. 

Literature 
review 

Conference  

 [35] Recovering Traceability 
Links between Code and 
Documentation 

Antoniol, G., 
Canfora, A., 
Casazza, G., De 
Lucia, A., and 
Merlo, E.  

2002 

This paper proposed and compare 
two different methods based on IR, 
to recover the traceability Links 
between Code and Documentation   

Case study 

Journals & 
Magazines 

 

 [36] Extended Requirements 
Traceability: Results of an 
Industrial Case Study 

Gotel, O., & 
Finkelstein, A.  

1997 

This paper described the 
contribution structure and how to 
address the current problems in 
practice 

Case study 

Conference 

 [37] Event-based traceability for 
managing evolutionary 
change 

Cleland-Huang 
J, Chang CK, 
Christensen M.  

2003 

This paper proposed a new 
requirements traceability method 
based on event notification. This 
method can be applied to 
heterogeneous and globally 
distributed development 
environments. 

Case study 

Journals & 
Magazines 

 

 [38] Software traceability: trends 
and future directions 

Cleland-Huang, 
J., Gotel, O. C. 
Z., Huffman 
Hayes, J., 
Mäder, P., & 
Zisman, A. 

2014 

The authors presented the trends and 
future directions in seven research 
areas.  

Literature 
review  

Conference 

 

[31] A supporting tool for 
requirements change 
management in distributed 
agile development 

Lloyd, D., 
Moawad, R., & 
Kadry, M.  

2017 

This paper proposed a tool to 
manage requirements change in 
distributed agile development 

Case study 
and literature 

Journals 

[39] Traceability in Systems 
Engineering - Review of 
industrial practices, state-of-

Königs, S. F., 
Beier, G., 
Figge, A., & 

This paper proposed a 
morphological schema for 
requirements traceability methods to 

Case study 

Journals and 
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the-art technologies and new 
research solutions 

Stark, R.  

2012 

solve the existing problem books  

[40] Requirement-Centric 
Traceability for Change 
Impact Analysis: A Case 
Study 

Yin Li, Juan Li, 
Ye Yang, and 
Mingshu Li.  

2008 

This paper introduced a 
Requirement Centric Traceability 
method to analyze the impact of 
requirements change. 

Case study 

Books 

[44] Toward reference models 
for requirements traceability 

B. Ramesh, M. 
Jarke 

2001 

This paper proposed a traceability 
method base on a wide range of 
traceability practices 

Case study 

Journals & 
Magazines 

[60] Improving Requirements 
Tracing via Information 
Retrieval 

J. Huffman. 
Hayes, A. 
Dekhtyar 

This paper proposed a method for 
improving traceability by IR. Then  
authors evaluated the algorithms. 

Literature 
review and 
Case study 

Conference  

[59] Just Enough Requirements 
Traceability 

Cleland-Huang, 
Jane.  

2006 

This paper presented the method to 
let the organizations can apply 
suitable traceability level.  

Literature 
review 

Conference  

[41] An Analysis of the 
Requirements Traceability 
Problem 

O. Gotel, A. 
Finkelstein 

1994 

This paper investigates and analysis 
the requirements traceability 
problem. 

Interview 

Conference  

[45] Overcoming the Traceability 
Benefit Problem 

P. Arkley, S. 
Riddle 

2005 

This paper proposed a traceable 
development contract (TDC) 
method to overcoming the 
traceability problem. 

Literature 
review  

Conference  

[51] The Impact of Software 
Requirement Change – A 
Review. 

Abeer AlSanad 
and Azeddine 
Chikh 

2015 

This proposed a comprehensive 
review of the impact of requirement 
change. 

Literature 
review 

Books  



 

Page 51 of 120- 

[56] An empirical study on 
recovering requirement-to-
code links 

Yuchen Zhang; 
Chengcheng 
Wan; Bo Jin 

2016 

This paper proposed a tool R2C to 
recover the links between 
requirement and code. Then the 
authors evaluated the tool, and 
compare the method with IR based 
method. 

Case study 

Conference  

[57] Requirements Traceability: 
A Systematic Review and a 
Case Study 

R. Torkar, T. 
Gorschek, R. 
Feldt, M. 
Svahnberg, U. 
A. Raja, and 
K. Kamran 

 2012 

This articles conducted a systematic 
literature review of requirement 
traceability and its challenges, and 
also conducts case study to two 
companies of related topic. And the 
authors made a comparison of the 
identified issues. 

Case study 

Journal 

[68] Factors Influencing 
Requirements Traceability 
Practice 

B. Ramesh 

1998 

This article conducted a 
comprehensive survey to identify 
the major reasons if the users choose 
to practice traceability or not, and 
the issues are related to 
organizational, environmental and 
technical factors. 

Survey 

Conference 

[70]  Crafting the requirements 
record with the informed 
use of media 

O. Gotel and S. 
J. Morris 

2006 

This paper concerns the choice of 
media to represent requirements 
such as audiovisual workshop and 
audio recording of meetings. And it 
proposes a theoretical framework to 
combine requirements traceability 
and choice of media types to support 
decision-making. 

Experience 

Conference 

  

4.1.4 Summary: Challenges reported in the literature  

From the articles by the systematic literature review, we identify the challenges and many 
reported challenges are similar, so we can classify the challenges into these categories.  

The survey is conducted independently with the knowledge of systematic literature review. 
We follow the content analysis guideline [7] to extract the collected data only from the 
interviewees, alleviating the influence of assumption from the literature. This particular review 
and summary to discover literature reported challenges is done after generating the survey results, 
to avoid us looking for specific results. 
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Table 4-11: Summary: challenges reported in the literature  

 Reported Challenge category Related Article (Reference No.) 

1 Tools supporting issue  [33] [41] [25] [29] 

2 High cost : 

Different source or causes 
increase the cost to enhance 
requirement traceability 

[14] [17] [18] [30] [57] [59] [71] 
 

3 Information latency:  

The information of 
requirement traceability is not 
well-attended or accurate for some 
reasons. 

[14] [20] [25] [26] [29] [27] [41] [60] [70] [72] 

4 Unworthy : 

For multiples reasons, 
practitioners find it takes a lot to 
fulfill requirement traceability, but 
it returns very little. 

[14] [57] [41] [57] [17] [30] [68] [76] 

5 Coarse traceability granularity [57] [27] 

6 Mindset issue [14][17] [27][41][68] 

7 Manual work is tedious [14] [25] [59] [75] 

8 Difficulty to choose the right 
granularity level 

[30] [57] [41] [59] [76]  

9 Frequent error (especially 
manual activities and in a large 
sized project) 

[25] [59] 

10 Difficulty in information 
recovery/retrivery 

[12] [20] [57] [60] 

11 Neglecting non-functional 
functions 

[19] [57] 

12 Lack of organizational 
motivation for developers to pay 
attention to traceability information 

[68] 
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13 Immaturity to operate media 
form traceability information 

[70] 

14 Neglecting traceability during 
implementation 

[72] [74] 

 

4.1.5 Comparison of results with existing SLRs 

We make a systematic comparison of our SLR results with existing SLR of related work 
[57][65]. 

Nair, De La Vara and Sen [65] did a SLR and also analyzed the literature reported 
challenges. We made a comparison between our SLR results and their SLR results of 
requirements traceability challenges. In [65], they counted the proportion of the articles that 
mentioned each identified challenges category out of all reviewed articles. 

The table 4-12 below is the presented results from [65]. 

Table 4-12: [65] SLR results of requirements traceability challenges 

[65] Reported Challenge category Proportion 

1 Lack of knowledge and understanding about 
traceability 

17.1% 

2 Maintaining traceability when requirements 
evolve 

12.9% 

3 Showing satisfaction of requirements 12.9% 

4 Impact of human factors and judgment 8.6% 

5 Reducing the cost related to requirements 
traceability 

8.6% 

6 Effective representation of traceability 
information 

21.1% 

7 Challenges in practice 5.7% 

8 Assessing the traceability maintained 1.4% 

 

During our SLR, we have synthesized the literature reported challenges into 14 categories and 
presented in table 4-11 in section 4.1.4. 
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To make a comparison with [65], we also calculate the proportion of each category of our SLR 
results and present the analysis in a similar way with [65], by dividing the number of the papers 
of the current category by the total number of all mentioned papers, as shown in the table 4-13. 

Table 4-13: Our SLR results of requirements traceability challenges 

 Reported Challenge category Proportion  

1 Tools supporting issue 14.8% 

2 High cost  25.9% 

3 Information latency 37.0% 

4 Unworthy 29.6% 

5 Coarse traceability granularity 7.4% 

6 Mindset issue 18.5% 

7 Manual work is tedious 14.8% 

8 Difficulty to choose the right granularity level 18.5% 

9 Frequent error (especially manual activities and 
in a large sized project) 

7.4% 

10 Difficulty in information recovery/retrivery 14.8% 

11 Neglect non-functional functions 7.4% 

12 Lack of organizational motivation for 
developers to pay attention to traceability 
information 

3.7% 

13 Immaturity to operate media form traceability 
information 

3.7% 

14 Neglect traceability during implementation 7.4% 

 

With comparison, we found that some challenges described similar or overlapping meaning, 
and some are different. So we can map the categories between the results, as shown in figure 4-4 
below.  

Figure 4-4: Mapping SLRs results with [65] 
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In [65], category “Lack of knowledge and understanding about traceability” is similar to 
“Mindset issue” of our results. In the description on [65], the challenges are that the general lack 
of sufficient knowledge when dealing with traceability both in practice and research. And in our 
SLR, 5 articles addressed a similar issue. 

We also identify the challenge that the maintenance cost of traceability is high during 
requirements change (resemble “Maintaining traceability when requirements evolve” in [65]), 
and we include this issue as an inner reason in category “High cost”.  

Also, “Reducing the cost related to requirements traceability” in [65] concerns the cost-
effective issue of traceability, which is also related to “High cost” of our results. 
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And “Impact of human factors and judgment” of [65] concerns the uncertainty of human 
judgment. In our results, “frequent error” concerns the issue of human error in manual 
traceability. And they are related. 

The “Challenges in practice” in [65] is related to all of our results because the challenges we 
concerned are all related to traceability challenges in the practice.  

Besides, [65] concluded more challenges from SLR that we did not cover, such as the 
assessment of requirements V&V, the need of clear presentation of traceability information and 
the assessment of the captured traces.  

Table 4-14: [57] SLR results of requirements traceability challenges 

 [57] Reported Challenges 

1 Requirement traceability does not offer immediate benefit to 
development process. 

2 Informal development methods, insufficient resources, time and 
cost for traceability. Lack of coordination between people. 
Failure to follow standards. 

 3 Lack of coordination between team members. Developers think 
that traceability costs more then it delivers. Excessive use of 
traceability generate more links which are not easy to manage. 

4 Manual construction of an RTM is costly. 

5 Requirements change by user. Less appropriate information is 
available for making decision with requirements. 

6 Problems associated with tracing back to their sources. 

7 Adopting RT 

8 Failure to trace non-functional requirements e.g. security, 
performance and usability. 

9 Some problematic questions are identified as challenges: Who 
identifies a requirement and how? 

10 Cost related to RT. 

11 Organizational, environmental and technical factors. 

12 Requirements management challenges in industry projects e.g. 
inadequate impact analysis and lack of information transfer. 
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In [57], Torkar et. al. conducted both SLR and case study to investigate requirements 
traceability challenges. Here we make a comparison of the results SLR of ours and [57]. In 
section 5.3.8, we will make a comparison of our survey results with the results of [57] (both SLR 
and case study). 

Table 4-14 above is the SLR results of requirements traceability challenges in [57]. Rather than 
classified categories, the authors provided each article with its issued challenge.  

To make a comparison, we considered to classify the presented challenges of [57] into 
categories, but it would bring issues regarding deciding the granularity level of classification and 
risk of our pre-assumption and judgment. So we choose to stick on its original description. 

This table XXX below is the reported challenges of [57]. Many of the challenges are similar to 
our SLR results. So we also did a mapping between the two results, as shown in figure 4-5. 

Figure 4-5: Mapping SLRs results with [57] 
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Many mentioned challenges from SLR in [57] is similar to what we described. For example, 

“Manual construction of an RTM is costly” and “Cost related to RT” is also mentioned in the 
category “high cost” from our SLR results. 

From the SLR results of [57], it is also mentioned that “requirement traceability does not offer 
an immediate benefit to development process”, and “developers think that traceability costs more 
then it delivers”. Category “unworthy” in our results explained similar points that reported by 
multiple reviewed articles.  

“Informal development methods, insufficient resources, time and cost for traceability” [57] is 
related to “coarse traceability granularity” in our classification since coarse granularity level 
results on traceability from the described situation. 

“Manual construction of an RTM is costly” [57] is related to “high cost” and “manual work is 
tedious” categories in our SLR results. Manual traceability work is an essential reason for the cost 
and reported by many articled. While the tedious process also leads to lack of interest to maintain 
traceability and therefore lack of traceability, which is also particularly mentioned by several 
articles, such as [14][18][59].  

“Adopting RT” issue means that organizations lack of awareness to adopt requirements 
traceability [57]. In our SLR analysis, this point is included in “mindset Issue” category. Also, 
“failure to trace non-functional requirements” [57] is included similarly in category “neglecting 
non-functional functions”. 

And the “lack of organizational motivation for developers to pay attention to traceability 
information” of our result and “adopting RT” [57] are describing from an issue from the same 
literature [68]. And “immaturity to operate media form traceability information” of our results 
and “requirements change by user. Less appropriate information is available.” [57] are also 
derived from the same article [70], but explained from the different perspectives of the article. 

To combine the mapping with both SLRs, we can have an overview of the connection of 
related challenges and the different identified challenges between different SLRs, as shown in the 
figure 4-6 below. 

Figure 4-6: Combined SLRs results mapping 
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4.1.6 Limitation of our SLR 

4.1.6.1 Possible database limitation 

There are two types of databases: Primary Databases and Secondary Databases [79]. By the 
concept, Summon is a secondary database. While research databases such as IEEE Xplore, ACM, 
Scopus and Inspec (Engineering village) are primary databases. 

Primary databases contain experimentally derived data directly submitted from researchers, 
and the data are archival in nature [80]. Primary databases usually contain peer-review journal 
and conference articles. 

While secondary databases are highly curated. Secondary databases use other databases as 
their source and derive data from the results by requesting and analyzing primary data [79][80]. 
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Secondary databases often use a complex combination of computational algorithms and manual 
analysis, and it has a large potential to mine information efficiently [80]. 

Secondary databases can draw information from numerous sources, such as Summon. 
BTH@Summon can derive information from the databases that BTH subscribed. 

Using secondary databases to search, such as Summon, have certain advantages: 

-Search results include citations of various kinds of sources, such as books, journal articles, 
conference proceedings, multimedia, etc. [81].  

- One can choose “Scholarly materials, including peer-reviewed” option in advanced search 
in Summon if only want to search for peer-reviewed resources.  

- Such search engines allow to derive data from multiple subscribed databases and provides 
cost-effective results. 

However, using secondary databases like Summon has limitations: 

Primary databases stored peer-reviewed articles in the first place. As we need to conduct 
SLR for peer-reviewed journal and conference articles, the results of Summon contain too many 
other types of resources that need to exclude. But we can limit the results to peer-reviewed 
sources in the advanced search in Summon. 

One concern is that – from the guidance of SLR such as [3], even though it is not mentioned 
that secondary databases are not allowed or inappropriate to use for literature review, but primary 
databases are usually first choices of researchers during SLR.  

Our concern is that the presented results of secondary databases went through a process of 
selection from algorithms and manual analysis. While part of our work of SLR is to review and 
manually flitter articles from primary data archive (research databases). From this perspective, we 
entrusted secondary databases’ algorithms to automatically flitter articles from multiple primary 
databases first. In this case, it is possible that some relevant articles are not included by the 
algorithms and missed from the results before presented to us. As the results, using Summon to 
conducts the SLR might limit the search results for articles. 

4.1.6.2 Limitation in the search string  

Our search string/keywords: (software) AND (requirement change) AND ((“requirements 
traceability”) OR (“trace requirement”) OR (“track requirement”)) 

It works in the same way as (software) AND (requirement) AND (change) AND 
((“requirements traceability”) OR (“trace requirement”) OR (“track requirement”)) 

In our early consideration to generate the keyword, having single words such as “trace” or 
“traceability” in the text does not necessarily connect to the area. From the search results, too 
many irrelevant papers showed. So we use several optional exact phrases with OR. This works to 
present relevant papers more efficiently. But this may likely exclude some relevant articles. The 
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alternative search string might cover articles more thoroughly, such as: (software) AND 
(requirement) AND (change) AND ((traceability) OR (trace) OR (track) OR (link)), to add more 
optional phrases and try not using exact words.  

As a results, some relevant articles might not have been searched in the databases with our 
search string. We conducted snowballing on the SLR databased searched papers. And with 
snowballing, we are able to reach and include more important articles and mitigate the limited 
coverage of database searched articles. 

4.1.6.3 Limitation in previous inclusion and exclusion criteria 

 Our previous inclusion and exclusion criteria were not clear and effective enough and 
possibly resulted in failing in including some important articles. Thus, we later improve the 
inclusion and exclusion criteria, and review the initially find papers again and include more 
related articles. 

4.1.6.4 Limitation on snowballing 

Due to the limited time, we use 18 articles from SLR to conduct snowballing with previous 
inclusion and exclusion criteria. With the criteria, we might exclude some related articles and 
provide a collection of literature that may still have certain limitations of coverage of the area.  
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4.2 Interview results of the survey 

4.2.1 Brief context of company and interviewees  

Company 1 

The company builds and manages a platform for stock financial transaction and analysis. 
This company contains around 600 employees.  

The first interviewee is a platform developer and product manager assistant in this company, 
working on platform development. In the company, the interviewee assists the management of the 
development and works on the maintenance of the platform which provided stock and finance 
related information to the customers. 

Company 2 

This company is a start-up company. Its major product is related to cloud computing. It has 
around 80 employees, as a small sized company with <100 employees.  

The role of the interviewee is product director. And his responsibility and work contents 
include product design, distributing tasks, project management, product release, and advertising. 
He mentioned that in startups, a position is often responsible for many types of work. His role, if 
in a big sized company, would mainly focus on requirement elicitation and design, and other 
responsibility would be excluded (interviewee previously worked in a big sized company). 

Company 3 

This company operates a financial operation platform including loan, insurance, and 
repayment. It has around 1000 employees, with 500 working in the platform development 
department. The main purpose of the development department is to develop the new functions of 
the loan platform. 

The interviewee is a product manager. In this company, he is responsible for research and 
development of technology, project management, and process specification control. 

Company 4 

The main product of this company is the service of business internet and software package 
of ERP (Enterprise Resource Planning). It has around 800 employees. 

The interviewer is a development manager. In this company, he is responsible for 
management and improvement of the process of development. 

Company 5 

The company is a small-sized start-up company with 50 to 60 employees. It located in 
Peking. It produced and maintained an online platform for a medical consult, education, and 
diagnosis. The interviewee is a project manager, Agile coach, and department manager. 
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Company 6 

The company is a small-size company with 50 to 60 employees. The main product is a 
platform for school communication. The application can be used by teachers, parents, and 
students on mobile and PC. It provides many desirable functions for school users, related to 
school-parents message and notification, attendance, student health, school performance and etc. 
New user needs are likely to be increased for this application. The interviewee is a Java engineer 
and he is usually responsible for the development of two modules of the platform. 

Company 7 

This company has 50-60 employees. Their products were related to teaching video 
platforms. The interviewee is responsible for product planning, overall development, tasks 
distribution. And he has long-time experience working in the software industry. 

 
Information Summary: 

Table 4-15: Company summary 

ID 
Employ
ee 
volume 

Size 
scale 

Developme
nt history 

Main products 
and fields 

Interviewe
e role 

Interviewee 
responsibility 

1 
600 Medium Traditional Stock Trading 

and analysis 
software 

Developer Platform 
implementation and 
maintenance. 

2 
80 Small Agile Personal PaaS 

Services 
Product 
director 

Product design, 
distribution tasks, 
project 
management, 
product launches, 
and advertising. 

3 
1000 Medium Agile Online 

Financial 
operations 
Platform 

Product 
manager 

Technology, project 
management, and 
process control 
research and 
development 
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4 
800 Medium Agile Enterprise 

Resource 
Planning 
Services 

Developme
nt manager 

Managing and 
improving the 
development 
process. 

5 
60 Small Agile Medical 

(cardiac) 
Clinical 
Services 
website 

Project 
manager 

Project 
management, agile 
coach, and 
department 
management. 

6 
60 Small Traditional School students 

' interaction and 
management 
application 

Java 
engineer 

Developing the 
platform's two 
modules. 

7 
60 Small Traditional Online 

Education 
Platform 

Project 
manager 

Product planning, 
overall 
development, task 
allocation. 

 

4.2.2 Detailed Interview Information  

See Appendix 1. It provides transcribed full information from all interviews.  

Because of the length of the full results, we place them in Appendix 1, in consideration of 
the readability of the thesis. 

In the course of the transcription, we highlighted the interviewees’ quotations, edit the 
information from the interviewees to the full expression, and write our opinions. We used the key 
elements of these interviews to highlight, important information as part of the qualitative content 
analysis. The key elements of these interviews can help us find and compare problems hidden in 
the material.   
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5 Analysis 

5.1 RQ1 : Requirement traceability and reported challenges 

With the SLR and snowballing guideline, we can reach a large amount of highly relevant 
articles. From the literature, we gain an overview and important knowledge related to the research 
questions. The literature review results can support our research. In addition, we can find the 
advantages and gaps in the current requirements traceability method. 

After reviewing the articles obtained from SLR and snowballing, we highlighted the 
relevant content and synthesized to answer to RQ1. 

5.1.1 Requirement traceability and methods 

Traceability can be used to describe the life cycle of requirements in forwards and backward 
direction, to ensure each requirement is implemented rightly [41]. 

Effective requirements traceability methods could support requirement consistent change 
evaluation, defects modification (maintenance), quality assurance, component reuse and project 
completeness [18] [23]. Traceability links between artifacts and requirements can be useful to 
requirement change impact analysis and maintenance [16]. It ensures the consistency following 
the change of requirements [19].  

Traceability supports higher product quality and effective response to changes, and verify to 
build the right product in the right way [27]. Requirements traceability ensures that stakeholder 
needs are addressed, requirements are interpreted rightly, requirements appropriately allocated 
[27]. 

Method of requirements traceability includes 1) static and 2) dynamic, but the dynamic is 
not mature, and requirements traceability matrix is the most popular static method [18].  

Requirements traceability matrix could classify artifacts into 1) requirements description 
and specification, 2) functional and user requirements, 3) design documents, 4) source code files, 
5) test cases [18]. Thus, we could investigate how industry establishes traceability 
correspondingly between each pair of artifacts through interview questions. The research [18] 
was focused on traceability between functional requirements, so we did not separate functional 
requirements and user requirements in the questions, for our research focus. 

Some models are proposed to support requirements traceability. A model [19] based on 
XML tracks the allocation of requirements into the systems, focuses on the interaction and 
hierarchical relations between functional requirements and non-functional requirements. The 
model can help control the requirement changes in systems and lead analysts to consider inter-
dependency of non-functional functions. The authors [19] worked on one representative system to 
illustrate the models, and it is remained to extend the application to more systems. 
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The model proposed in [23] focuses on the traceability method between source code and 
function points (database information and user scenarios). One data function trace is to detect the 
commands through which source code references database. The more references a source code 
module made to database tables, the stronger is trace between the source code module and the 
information in the database tables [23]. 

One transactional function trace is to monitor the test case and analyze code lines coverage 
activated by the test case. The more activated code lines show stronger trace links to the test case. 
Test cases represent user scenarios [23]. 

The approach proposed in [26] identifies the traceability links between use cases and goals 
and can be used for change impact analysis. The relation between use case and goal is regarded in 
three ways: evolution, dependency, satisfaction. Relation of use cases, goals and tasks could be 
formed into a 2-dimension matrix, and affected elements are calculated within. Change impact 
analysis is derived from a use case and goal relation and the calculation to perform the analysis is 
defined. 

Some general solutions to traceability difficulty are given in the article, especially for small 
teams [27]. That 1) share team knowledge to let traceability work well as developers need to 
understand change impact; 2) use general supporting tools; 3) use pairwise traceability matrices 
[27]. 

To select the appropriate, cost-effective traceability strategy and model for an organization. 
Some factors in different domains are mentioned to consider: overall organizational development 
structure, market, existing processes, project size and complexity [27]. 

Requirements link is an essential part of tracing the requirements. Fangshu Di proposed an 
approach based on Naïve Bayesian classifier to improve the requirements traceability. But the 
improvement is not too much [32].   

Requirements links is an excellent component to improve the requirements traceability [34] 
[35]. Salem proposed a new model can locate the requirements and link to the correct part of 
software life-cycle [34]. Antonio, G. proposed a method to cover the requirements link and 
development documents. It also can help to manage the requirements base on the requirements 
link and documents [35]. 

It is helpful to include contribution role in the traceability information that identifies the 
right person of responsibility and clarifies matters such misunderstanding, hand-overs and 
requirement change [36]. To apply the traceability requirement, it is recommended to extend 
existing traceability work, and link project to more artifacts, and not necessarily over increase 
[36]. An article proposed an event-based traceability method to support traceability information 
update facing requirement change [37]. An article concluded traceability methods in several 
directions, such as algorithmic solutions, trace visualization, process improvement, information 
system [38]. An article did a detailed review of software traceability [39]. It listed and described 
essential aspects of traceability from artifacts, planning, data recording to the users. 

5.1.2 The challenges of traceability requirements reported in the literature  
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Tool support is a significant problem to implement traceability. Only half of the software 
industry used traceability supporting tools because the existing tools fulfill the need of software 
industry deficiently [16]. Uniformity in requirements tools are needed, and tools on the market 
are divergent to manage requirements and processes [27]. 

The difficulty of manual traceability grows as the size and complexity of system increase 
[16]. The complexity of the organization can aggravate the traceability difficulty that handoffs 
between teams and tasks become harder [27]. 

It can be challenging for an organization to determine the appropriate level of granularity of 
traceability [27]. Insufficient traceability for an organization remains problems that coarse-
grained trace links are not precise and useful enough during trace utilization [28], meanwhile too 
much effort to establish traceability is not cost-effective. 

Traceability tasks as supporting work could often be put aside in comparison with 
developing work. The benefits of traceability are potential rather than contributing to the current 
delivery [23].    

Due to insufficient traceability, organizations cannot accurately find developed components 
of corresponding requirements. Thus, they may have to develop new components which may also 
impact existing development [23]. 

Cost-effective and automatic tools can be significantly needed and beneficial. Especially 
tracing method between high-level requirements and artifacts in natural language can usually be 
manual and cost-consuming [16]. 

Domia Lloyd found out the difference between practice and research would lead to the 
usage of requirements traceability cannot implement as the introduction to research in enterprises. 
They proposed a tool and approach to filling this problem in agile development [31]. 

Many requirement traceability tools have been described but received insufficient attention 
from practitioners [36]. In practice, the effort is made just to record more information creating a 
significant amount of unstructured data [36]. Some causes of the failure of traceability are 
identified here [37]: Team members are lack of close coordination, enough understanding of 
dependencies and training, and also immediate benefits are not perceived. 

The synthesis and the analysis of the literature reported challenges are also presented in the 
SLR results in section 4.1 in detail. The analysis results of the challenges answer to the RQ1. 
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5.2 RQ2: The challenges of requirements traceability in the industry 
from the survey 

5.2.1 Category: Tools are expensive and not available 

Table 5-1 Category: Tools are expensive and not available 

Meaning unit Code Company 

Tools for small companies are not entirely available. They 
cannot find suitable complete software management tools for small 
companies. 

Tools not 
available 

C5 

Some necessary parts are without available components. Tools 
are not complete for complete traceability work. 

Components not 
available 

C4 

Components are expensive and some not available. The Plugins 
of JIRA are expensive. 

Components 
expensive 

C4 

They have to develop own tool component to complete the 
processes. It increases cost. 

Develop own 
tools 

C4 

The tool cannot be customized and not flexible. The company 
has to develop tools for its developers. 

Cannot 
customized 

C4 

Unavailable tools increase manual maintenance effort. Manual effort C4 

They don’t have tools to support tree graph method, all the work 
on the tree graph and documentation is offline, so the interaction is 
weak. 

Offline C3 

The manager did not know proper management tools for this 
company and was looking for tools. 

Not found tools C7 
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Figure 5-1: Tools not available 

We asked interviewees about challenges met in requirement engineering and especially in 
traceability related aspects we mentioned since we did not address traceability by the term only 
but address related practices, processes, and artifacts because we expect interviewees might not 
understand the concept - traceability in the same way. For overall challenges, different companies 
give some similar challenges about the tools. First of all, company 5 mentioned that tools for 
small companies are not complete and they cannot find one tool meeting all needs. Company 4 
addressed the issue too that the components of a tool are not complete, and some needed 
processes cannot be fulfilled in the tools. And this company 5 is not a small company that the 
issue happens in more than small companies as the interviewee in C4 mentioned. In literature, 
researchers identified "poor tool support for traceability" as the most significant challenge in the 
implementation of traceability [16]. 

And all the companies investigated showed they are still looking for suitable tools. Most 
companies are using Jira. And at the same time, for the companies that use tools, they use more 
than one tool and combine. 

One challenge is that tools can be expensive. C5 mentioned components are missing in a 
tool, at the same time, the price to purchase some available component is costly and some are not 
available. For this reason, this company has to develop their tool component to complete the 
process on one platform. To develop own tool components may have an impact on time and 
effort. 

But in small or start-up companies, the cost of tools could be heavy, and necessity could also 
be reduced, because the complexity of small companies is lower, and data could be easier to 
manage. So for investigated small companies, interviewees mention one crucial advantage and 
reason to use current tool is they are free or open-sourced. Companies can customize open-source 
tools by themselves. 

Companies have to use incomplete tools, and some work as part of the processes is off the 
platform. C4 mentioned that maintenance effort increased to maintain the parts out of the tools. 
And C3 did not find the tool for tree graph method, which is a blueprint with traceability 
information and shows all links and relationship between artifacts. The interviewee from C3 
mentioned that without tools to support the method, and the information is offline, it is weak to 
interact with people.  
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This view is also supported by the literature, such as [16] [27] [41], which also argues that 
even if they think traceability is important, they cannot find the right technology or tools to fully 
support requirements traceability. In short, one of the challenges of traceability is the lack of tools 
brought about by technical immaturity, which is highly consistent with the interviews and 
literature we collect. 

The lack of suitable tools was commonly mentioned by the interviewees. But they only 
mostly use Zentao and Jira, which are commercial tools in the market. The inadequate 
commercial tool is the problem mentioned in [33] that that available commercial traceability tools 
mostly do not fully automate the entire traceability process but require users to manually update 
traceability data. But the surveyed SMEs did not take customized tool into consideration. 
Therefore, the results about poor tool supporting are actually referring to the commercial tools. 
There are also many other commercial tools, such as Process Street, Visure, SpiraTeam, etc. The 
surveyed companies did not find to use of these available many tools, yet they are looking for 
suitable tools. The reasons may be related to the language and location that we targeted the 
Chinese industry. And it indicates that the demands of more global commercial tools releasing 
versions in the Chinese language may be high.  

5.2.2 Category: High cost of maintaining traceability 

Table 5-2 Category: High cost of maintaining traceability 

Meaning unit Code Company 

The cost of traceability is high for their company, to 
maintain traceability documents, from the requirement to 
development processes. 

High Cost C5 

With the high frequency of requirement change, 
maintenance of requirements traceability costs more. 

Rapid requirement 
changes - cost 

C5 

Due to rapid changes in the market and intense competition 
especially in the software industry environment, requirement 
changes frequency is high, thus, constantly updating 
documentation takes much effort. 

Rapid requirement 
changes - cost 

C3 

Processes are regulated in the company without flexibility 
thus cost of documentation maintenance is high. Increase 
developers effort. 

Flexibility C4 
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Figure 5-2: High cost to fulfill traceability 

The cost to maintain traceability information could be high, and many companies met the 
challenge. First, it costs to build traceability documents from requirement phase to 
implementation and testing. The cost is one of the main reason that the small companies may 
have deficient traceability - documentation to record information and links, because of limited 
employees. The cost shall include the cost of tools to help online and uninformed information 
management. The tools can be expensive as introduced. Such as the components can be expensive 
as C4 mentioned. 

With limited human resources, the technical teams may have to be distracted and work on 
additional documentation. For this reason, small companies may try to keep light and simple 
documentation and focus on implementation, such as company 6 and 7. Their traceability levels 
show to be lower than other companies, and completeness of process information and documents 
is lower than other companies. As the interviewees indicated that they have limited employment 
and resources to work on it and also, for this reason, they do not have much need to rely on 
documents for communication, and extensive and complex processes needed to establish links. 
Thus, the cost of traceability could have more impact on small companies than large companies 
for human resource reason. 

More importantly, the significant cost of traceability is to maintain or update the information 
especially when changes are frequent. According to C3 interviewee, due to rapid changes in the 
market and intense competition especially in the software industry environment, requirement 
changes frequency is high, thus, continually updating documentation takes much effort. 
Especially traceability information spreads in many nodes or links between artifacts - when 
information changes and every node may be affected. C5 also mentioned that the high frequency 
of requirement change makes maintenance of requirements traceability costs more. Effective 
traceability methods could help modification of defects and the evolution of requirements [18]. 
The companies cut the investment of effort in traceability, because of the high cost/value to 
maintain traceability facing frequent requirement change. However, instead, they need better and 
more effective traceability methods. 

Requirement change increases the cost of traceability, meanwhile, requirement change is a 
significant phenomenon, especially in small companies. All interviewees mentioned that 
requirement change happens in their projects and it is very reasonable. The companies have the 
different degree of requirement change frequency, and many have rapid requirement change. 
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Three interviewees (managers) from small-sized companies (C2, C5, C7) mentioned that they 
have working experience in large-scale companies and they found requirement change more 
frequently in their current small companies than large companies. C2 interviewee explained some 
reasons that requirement change so rapidly in his company. That he remarked, especially in start-
up companies, they design and develop products based on a core innovation point or a technique, 
and the innovate technique may not be very mature. So the technique may change and 
continuously improve, for improvement by applying new techniques and the changing needs and 
trend of the market. 

The reason for this phenomenon could partly result from the company context. The company 
is working cloud techniques to build personalized cloud services [50]. From their website, I can 
the see the companies is technique centered that they focus on introducing their techniques as an 
attraction or competition points. And the company is actively introducing products to the 
international market. So they are facing the new market and updating techniques and thus rapid 
requirement change. It is a small sized company with around 80 employees, and it has a similar 
number of employees to C6 and C7. However, C6 and C7 are both offering systems or 
applications to local organizations based on contracts. The requirements are more stable than 
others, and the competition is less fierce. The requirement change showed C6 and C7 is less rapid 
than C2. 

Therefore, frequent requirement change as a reason for the cost challenge shows strongly in 
small companies and very related to company context as well. 

As discussed,  

1) Rapid requirement changes impact maintenance of traceability information including links 
from requirements and all related information around the links in all phases;  

2) The companies especially small companies showed frequent requirement change 
happened to them. 

It shows that smaller companies have frequent requirement changes and it takes increased 
cost to maintain traceability. But the C2 interviewee mentioned that their biggest challenge is to 
implement the changing requirements in time with their limited resources. The literature showed 
static traceability method such as traceability matrix might cost more time and effort for 
engineers to establish and maintain it [18]. One challenge of traceability facing requirement 
change is that companies intend to implement first and delay the documentation, and this will be 
discussed in coming sub-theme. It shows that requirement change has the impact of effort and 
resource on implementation. The resource is shortened for small companies. Rapid requirement 
change takes more effort to implement and to maintain traceability. The cost challenge for small 
companies could give high pressure. 

A similar view is supported in the literature, such as [45], which proposes increased 
plasticity, increased costs of various kinds, including tool costs and maintenance costs, which are 
highly consistent with the interviews and literature we collect and therefore provides a framework 
for traceable development contracts. 
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5.2.3 Category: Information is not immediately updated (documentation 
latency) 

Table 5-3: Category: Information is not immediately updated 

Meaning units Code Company 

Unlike large enterprise, they may build documents first 
and execute according to the documents. In small companies, 
people may not emphasize process and rules that they may do 
works first when they are told, then complete documentation 
afterward. 

Documentation 
delayed 

C2 

One major difficulty is that requirement change occurs 
too frequently, and implementation cannot keep pace with 
incoming changed requirements as planned, due to limited 
resources and time. 

Rapid 
requirement 
changes 

C2 

Traceability documents are not updated immediately. 
Sometimes after release, managers and maintainers recorded 
the information and process. 

Documentation 
delayed 

  
C4 

 

 

Figure 5-3: fail to update information in time 

One challenge to have satisfactory traceability is that companies intend to delay updating 
traceability information. Its reason is not just time and resource shortage and increasing effort 
required. A critical reason as pointed out by interviewee of C4 is that fast delivery (of 
code/product) and promptness to the customer are rated by managers higher than immediate 
documentation. 

Interviewee of C4 mentioned: It happens very generally that documents are not updated 
immediately. And sometimes documentation is after the recent release. Managers and teams make 
up for the missing information in documents later. The interviewee as a general manager thinks 
that the situation is very understandable and showed supportive of the delay because he thinks 
that punctual delivery is more important than documents completeness. As sometimes the teams 
are sent to work near the customers and presenting outcomes to customers continuously. And the 



 

Page 74 of 120- 

teams are allowed to complete the related information updates in documents after the recent 
delivery finished. This could be a result of business strategy and decision. 

And the interviewee also mentioned the problems this may bring. 

Sometimes they forgot to update some traceable information after release. Missing 
information can make some parts hard to trace, and it could affect change impact analysis 
afterward. Traceability is essential when requirements continuously change during the lifecycle, 
and it is essential to assess the impact of requirement changes, to see what requirements and other 
artifacts have been changed, as well as cost and risks caused by the changes [16]. The interviewee 
found that the managers as analysts are experienced enough that they can eventually trace the 
information they need. 

I have some doubts if the experience can help to trace missing information. If some 
information is missing and irretrievable, the source to analysis may partly from experience of the 
managers than from untraceable information. The interviewee receives the report results but not 
participates in the analysis. Manual activities such as building requirements traceability matrix 
are mentioned to be error-prone in the literature [59] [25], especially in the large-sized project. In 
that case, the accuracy of the information would be more vulnerable and affecting all downstream 
activities [26]. 

The interviewee also mentioned that, however, when the changes are fierce, such as when 
the teams have been renewed to new groups, the information if the documentation of 
requirements was missing would be hard to trace. It is when they want to trace the sources, 
information is lost. 

The situation to recover and verify some information “after-the-fact” does exist in the 
practice [14][60]. There involves an activity to verify the accuracy or to recreate a traceability 
matrix and traceability links that were not well-maintained, which is “traceability recovery” [14]. 

When the teams delay the updates of documents after the delivery, they may miss some 
important aspects, and it would result in incomplete primary data of the products. 

The interviewee from C2 also addressed the similar issue. They do sometimes delay the 
related documentation after the implementation. He viewed that small companies (C1 with 80 
employees) have less improved processes - implementation of documentation, than larger 
companies. But the C4 has around 1000 employees and still has the delay situation. 

The delay has shown some problems, but companies still choose to implement first when 
they want to shorten the delivery time. 

5.2.4 Category: The short-term and long-term value  

Table 5-4: Category: The short-term and long-term value 

Meaning unit Code Company 
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They rely on the code as the main output 
and neglect tracing information. It turns out that 
it is difficult to trace at the late stages. 

Neglection; 

Hard to trace 

C3 

More investment in enhancing traceability 
would just increase management cost and the 
effect would likely not be great. 

Low value C5 

(introduced a case that three companies 
cooperated to develop a large project) The 
traceability information was very useful in that 
case, but do not provide much value in small 
projects. 

The value in large 
projects 

C5 

The projects were not invested in 
documents such as traceability information but 
focus on implementation. Meanwhile, the 
products have a high rate of failure and 
discarded in the company. The cost of 
traceability in all products is high and return is 
low. So, we don’t pay attention to the 
information. 

Not invested C3 

 

 

Figure 5-4: low value recognized in short-term 

The value is shown in long-term   

Companies may neglect the importance to keep traceable information and the value of 
traceability. Company 3 regards deliverable code as the output of work and neglects to trace 
information. Some information was found hard to trace after a long time. Also, C4 mentioned 
missing information is hard to trace in impact analysis. The importance of traceability 
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information may show after a period. Investigated companies emphasize implementation or the 
short-term goal and intend to neglect traceability information, and the value shown in the long-
term could be a reason for it. 

Rare value recognized in small projects 

The interviewee (C5) mentioned a case of a project they operated before. Four third-party 
companies cooperated in this project. It was a big project with sufficient human and financial 
resources. They have one project manager mainly responsible for maintaining requirements 
traceability list and documents, for the need of inter-enterprise cooperation. The project called for 
fast interaction with multiple companies. The requirements traceability played a big part in the 
project management. 

The company 5 is a small sized company. From the viewpoint of the interviewee, sufficient 
traceability information that shows the links of artifacts is helpful in a large-scale project. Large 
projects involve a more significant number of employees. Sufficient information offers uniformed 
understanding and reduces communication to inquire. But in small companies, such as C5, face-
to-face communication to share information is most common. And the project period in the 
massive project is extended, and much information needed to trace within the project. But in the 
small project, the delivery time is shorter, and most information is not quickly forgotten. For 
these reasons, the interviewee regards the value of traceability information is mainly for 
communication and recording ignored work within a project. But information about past products 
could offer value for improvement of the company. More value of traceability information could 
be considered. 

The interviewee as product manager found the effect and the use of traceability information 
is not great. And investment in enhancing traceability could merely increase management cost. 
However, the value of traceability could show in the long-term. 

Increasing unreleased products  

In C3, documents such as traceability information are not paid much attention and invested 
with too much effort. The projects are focused on and invested in implementation more. Also for 
other reasons, implemented products have a high rate of failure or discarded in the company and 
maybe in other companies, and this cause high cost but low value of overall projects. With the 
foreseeing and phenomenon, managers consider that enough traceability information costs effort 
and receives little value due to increasing discarded products. 

But the phenomenon of increasing discarded products could be handled with analysis of 
defects and causes. The defects may be product defects, process defeat, business strategy, market 
analysis. To deal with increasing discarded products, reducing investment in traceable 
information may not be wise in the long term. Because traceable information provides value 
when conduct defeat analysis to discover the causes and prevent failure, and the negative 
phenomenon could be eased. If to reduce traceability in all products since many products were 
not eventually released, the released products also have low level traceability and much 
information would thus be hard to trace when needed. 
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This view of interview analysis is mentioned by literature, such as [41][14] [23]. It is argued 
in [23] that the benefits of traceability are potential, not contributions to current delivery. And a 
number of interviews are consistent, confirming each other, and we believe that this issue remains 
one of the challenges of the current requirements traceability. Because some small and medium-
sized enterprises in China only look at the immediate interests and ignore the long-term 
traceability value is still there. 

5.2.5 Category: Insufficient documentation regulation management 

Table 5-5: Category: Insufficient documentation regulation management 

Meaning unit Code Company 

It happened sometimes that developers 
forget why they implement or change the code 
and without sufficient document and record to 
trace it. It caused great inconvenience. 

Forget 
information 

C6 

The manager may keep some the 
information in his mind more than documenting 
this information. 

Not documented C7 

 

 

Figure 5-5: deficient documentation regulation 

Some investigated companies have deficient traceability management. C6 relies on 
requirement documents and code structure on the development platform for the information. The 
company mainly develop an application for students and teachers providing multiple functions. 
The functions are separated and can be added to more functions. From the interviewee being a 
developer, each developer is responsible for one or two isolated modules. As mentioned, each 
developer knows responsible module and its description in the requirement documents. The 
location in the code to implement one’s module is clearly remembered. And they don’t need more 
traceability information from other module and aspects to help. The project is usually small with 
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2-3 months duration. However, without sufficient documentation for tracing information, tracing 
problems occur also in small projects. It happened that sometimes developers forget information 
about the work of weeks ago, such as why they made these changes. The interviewee said that it 
is the most troublesome situation. Because the information that is not recorded also forgotten is 
very hard for retrieval. 

C7 is also a small company and producing a similar product of C6. The interviewee, as a 
manager, strictly asked developers to keep development log to record information of the day, 
such as what changes they made and why. The log is very helpful as interviewee said. For project 
lasts for months and not all information can be remembered clearly from the beginning. The log 
can prevent the “forgotten” situation in C6 as well. However, for some overall traceability 
information, the interview said he often has the links in his mind but not always document the 
information. It shows there is no regular of manager to document this information. If 
development information could be forgotten and needs a log to record, overall link information is 
more necessary to keep the trace. 

Companies intent to focus on development and may not have the specific person/time/effort 
for documentation. Especially small companies find it less needed for traceability information in 
a small project in the short-term. Also, processes supporting traceability in these companies are 
not regulated in some companies as manager and teams may not constantly keep importance trace 
information. Even if they have the ideas but no regulation asks them to document them. In time, 
the ideas and information of the periods are missing. And mindset is the cause for deficient 
traceability as they do not realize the full use and value of traceability.  

The results of these interviews are supported by the literature, such as [41]. And inconsistent 
or conflicting standards are one of the challenges of traceability. The article [50] points out 
traceability problem that lack of common definition and conflicting underlying problems. 

5.2.6 Category: Awareness Challenge  

Table 5-6: Category: Awareness Challenge 

Meaning unit Code Company 

There is a mindset challenge. Every employee 
(developer and tester) intend to focus on his own part of 
work. They don’t have an overall concept of the project. 
Managers have thought about training the employee, but 
that is too difficult and costs a lot of money and time. 

Lack of overall 
concept 

C3 
  

he may keep most of the information in his mind more 
than documenting this information. 

Not 
documentation 

C7 
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Figure 5-6: Awareness 

Traceability information is like a map of the overall view of the project. Traceability 
concerns linking different work modules and phases, thus, it links the work of different 
employees. However, employees understand their parts but scarcely concerning about other work. 
The employee doesn't have an overall concept of the project. Managers have thought about 
training the employee, but that is too difficult and costs a lot of money and time. Lack of overall 
understanding as well as concerning is a challenge mentioned by the C3 interviewee. The mindset 
weakens the use of providing traceability information. Employees may not concern to use 
provided links to consider different parts of work. 

Awareness challenge also shows in low activity to contribute to traceability and little 
recognition of the value as discussed. 

Some related views are mentioned by articles such as [36][37]. Many requirements 
traceability tools have been described but have not received sufficient attention from 
practitioners. team members lack tight coordination and enough understanding or even training. 
Due to the lack of overall traceability, consistency recognition often leads to failure of 
traceability. 
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5.2.7 Summary and relationship between the categories 

Figure 5-7: A Map of the challenges 

This is the overview of the challenges. 

The figure is the cluster of the 6 categories above. From the application of content analysis 
[7], the cluster is a theme: the challenge to practice requirement traceability.  

From the identified steps of conventional qualitative content analysis, we can further 
identify the relationship between categories [7].  

As shown in the figure, the map contains each exact small demonstration figure from each 
category. Such as Figure 5-1: Tools not available, it is shown on the top-left. 

What’s more, there are arrows connecting the categories besides presenting a collection. 
The arrows show the inner relationship between the challenges. The challenges are related by 
causality and dependency. And they are the further relationship between the categories we 
identified as the last step of the analysis.  

By the number, we explain each relationship below. 

From 1 to 2: Tool - high cost 

The consuming on the tools is part of the cost. The cost of the tools contains: 1) the 
purchasing of the tools and functions (such as C4); 2) the effort consumed on the customization 
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of the tools, to develop certain function (such as C4) or manually work on the process gap 
without tool supporting (such as C3). 

From 2 to 3: High cost - Fail to update information in time 

A significant part of the cost is having to update the traceability requirement especially 
when requirements change. This maintenance of information consumes a great deal of effort and 
time, when they are limited, the information updating would be delayed or put aside. Such 
situation is shown in C2 and C4. 

From 2 to 4: High cost - Low-value recognition 

When the managers evaluate the return and cost of the traceability practice, the high cost 
results in the impression or conclusion that the cost surpasses the benefits, although the value of 
traceability practices may not show immediately. It is shown in the C3 and C5. 

From 4 to 3: Low-value recognition - Fail to update information in time 

Sometimes the managers consider that the punctual delivery of the code is more important 
than information maintenance. The importance of traceability information is now recognized and 
therefore results in the information updating problems. It is shown in the C2 and C4. 

From 2 to 5: High cost - Deficient documentation regulation 

Simple requests from the managers to the team to record certain information timely can 
secure certain traceability. Part of the cost of maintaining the information is the effort to attend to 
such information. Thus the managers would less intend to request regulate documentation to 
avoid the increasing effort.  

From 4 to 6: Low-value recognition - Awareness 

Awareness here partly refers to managers’ limited intention to enhance traceability, and 
partly refers to developers’ understanding of traceability. The low recognized value results in 
neglecting traceability. 

From 6 to 5: Awareness - Deficient documentation regulation 

If the managers do not intend to enhance traceability, then the requests for regulating 
documentation are weak. 
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5.3 RQ3: Analysis of challenges in requirements traceability: survey 
results with literature  

5.3.1 Tool support  

The poor tool supporting problem is mentioned frequently in the literature. In multiple 
articles, the authors regard this issue as the biggest challenge to the implementation of 
requirement traceability [33] [58] [41]. In the survey, the tools problem is raised by four (C3, C4, 
C5, C7) companies out of seven. 

Even many tools are claimed to have high quality and support traceability completely in the 
software development by tool providers, however, the using rate of users is very low [33] [41]. 
Because the tools insufficiently fulfill the needs of the software engineering industry [19]. For 
instance, the traceability was mainly established only between requirements and test cases in 
some tools [25].  

Gotel and Finkelstein [41] found traceability problems were often the results of breakdowns 
in communication between developers whose efforts were burden by lack of tool support. In the 
survey, this relationship between human-effort and tool shows in this way that the tools which the 
companies are using cannot provide all needed functions or complete the process, especially in 
C4 and C5.  

Then if the enterprises do not have enough funds to buy an entirely customized tool (B2B) 
with comprehensive functions, they normally have two options. (1) some tasks as part of the 
necessary process have to be carried on without the tool or system. Here it requires good 
communication between developers (or even analysts and testers depending on which parts are 
missing in the tool) to only make the process accurate, but effort not reduced, such as in C3. (2) 
Develop a plug-in tool for the process by the company itself, such as in C4. In this case, the 
situation also indicates a point mentioned by researchers [29] that COTS (commercial off the 
shelf) tools are unable to provide many benefits without significant rework.  

It was pointed out in [41] that the practitioners often suffer poor integration and inflexibility 
of tool support. Similarly, in the study, it is often costly or unable to expend more functions to the 
tools, such as C3 and C4. The lack of cost-effective traceability models and tools was mentioned 
as an open problem [33] [29]. The commercial tools are too expensive for the companies, such as 
C5.  

In [29], the authors pointed out that traceability methods nor existing commercial 
traceability tools provide a streamlined, cost-effective approach to managing requirements 
traceability. In the survey, it is shown that all companies combined some tools with manual 
traceability methods. Not one company can follow a procedure within one system or one method 
for traceability. One reason here can be that they are all small and medium sized company with a 
limited budget. Not one company purchase an entirely B2B system customized for itself. And the 
point [29] was also made referring to COTS tools. 

 



 

Page 83 of 120- 

5.3.2 High cost of maintaining traceability 

In a thorough research [57], its systematic literature review results and survey both show 
that time and cost for traceability is a significant factor. And this issue exists in four companies 
(C2, C3, C4, C5) in our survey. 

The actual work to establish and maintain requirements traceability is pointed out as 
tedious, time-consuming and error-prone, such as the manual impact analysis of requirement 
traceability [26] and the task of building a requirements trace matrix (RTM) [14][59]. The human 
cost and workload of constructing RTM are high [14][18]. In the study, it shows that it costs a lot 
of effort to build traceability documents from the requirements phase to the implementation and 
testing phases. Documenting information and linked documents requires a lot of effort to 
maintain, and the costs include the maintenance costs and purchasing tools. 

An article mentioned that RTM leads to low efficiency of defects modification and 
respondence of requirement changes [18]. In the survey, it happens that the technical teams may 
have to be distracted and work on additional documentation because of the limited human 
resources. 

One main reason for the requirement traceability maintenance cost is due to the frequent 
requirement change. In the literature, frequent requirement changes cause uncontrollable software 
maintenance and a small mistake may cause severe results [18]. In our study, we found that the 
process of constantly updating documents requires a lot of effort. The traceability information is 
propagated in links between many nodes or artifacts, and each node may be affected if the 
information is not updated in a timely manner or if there is a problem spreading between nodes. 

We also found that the impact to the effort and cost of traceability maintenance is higher 
when the requirements change more frequently in Agile. In our study, we found that agile 
development welcomes more changes and the interviewees found it very time-consuming to keep 
updating comprehensive traceability information, such as in C3 and C5. For the limited human 
effort, the companies would rather devote more time and effort on current code delivery, so they 
try to keep the traceability process simple. Similarly, it is also pointed out in the literature that 
requirement traceability is not easy to implement, especially in Scrum, which welcomes changes 
and practitioners perceive that requirement traceability is time-consuming and cost-consuming 
[17].  

Cost is one of the main reasons why small companies may lack traceability in our survey. In 
an article [30], the cost and traceability quality are regarded as a balance to choose. As low-
quality trace links can be produced quickly and economically while the perfection level is 
expensive and hard to achieve. In the survey, small companies try to keep a simple document and 
focus on implementation, such as companies 6 and 7. Their traceability levels are lower than 
those of other companies, and process information and documentation are less complete than 
others. This lead, as respondents say, that they do not have much need to rely on documents to 
gain information but simply communicating.  

5.3.3 Information not timely updated 
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In the literature, many articles mentioned that it is hard to guarantee traceability information 
will be “up to date” [41][25][26][29]. The practitioners consider the traceability as “extra” effort. 
Record the information at the last moment or ignore it [41][27]. In our survey, this problem exists 
that the companies usually do not update documents immediately, such as in C2 and C4. 
Sometimes documents are made after the recent delivery. Managers and teams often make up for 
lost information in the future. Sometimes the employees forget to update some traceable 
information or omit some important aspects of the documents. It will not hard to retrieve the 
information after a long time. 

Some problems follow the issue. Not well-maintained traceability links(traditional 
traceability links) will reduce the accuracy of traceability information [14][20]. Requirements 
may change for new laws, new needs and so on. It may be a challenge to maintain requirements 
updated over time [16]. Traceability links are not integrated into the development process [26].  

However, the managers consider the situation to be very understandable and support the 
delay in the survey. Sometimes the teamwork with a close connection with the customers and 
continue to show the results to the customers, which encourages the team to complete the update 
of the relevant information in the document after the recent delivery. This may be the result of 
corporate strategy and decision making that punctual delivery is prioritized higher than punctual 
documentation when facing limited resource and time. 

As indicated in the last section, there is a trade-off between quality of traceability and the 
cost. 

Because of this issue, the traceability matrix does not exist or well-maintained, some articles 
found it necessary to recover traceability links and matrices “after-the-fact” [14] [60]. 

5.3.4 Value recognition and benefits  

There are different argument and situations mentioned in the literature regarding the balance 
of the benefits and costs of traceability. In some studies, the practitioners found the cost is more 
than the benefits. In the literature analysis of [57], the developers consider that traceability costs 
more then it delivers and more traceability links are hard to manage. However, in its case study 
[57], the case companies show that they found the benefits exceed the costs. It is also mentioned 
that many organizations do not use effective traceability methods that the effort to maintain a 
requirements traceability matrix (RTM) was too costly in respect to its benefits [41]. 
Additionally, the software maintainers find the update of the documentation to be tedious and 
often neglect the maintenance [14].  

This understanding does exist among the managers in the survey, such as C3 and C5. The 
reasons are related to the small number of employees in small companies, short life-cycle in a 
small project, and rapidly changing products. In C3 company, the manager considers deliverable 
code as the output of work and neglects to trace information. As many implementation and 
products are not released eventually due to the rapidly changing market needs. And in C5, the 
manager considers that sufficient traceability information is helpful in a large-scale project, as 
large projects involve a more significant number of employees. Sufficient information offers 
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uniform understanding and reduces communication to inquire information. But in small 
companies, such as C5, face-to-face communication to share information is most common. And 
the project period in the massive project is extended, and much information needed to trace 
within the project. But in the small project, the delivery time is shorter, and most information is 
not quickly forgotten.  

While in some literature, the researchers found that it is more beneficial when compare 
requirements traceability benefits and its difficulties [17]. In our study, besides the understanding 
of the managers, it shows that some missing important information is hard to retrieve and trace. 
The importance of traceability information may show after a long period, which is agreed by C4. 

We consider the balance of costs and benefits from the study as that it may cost more than 
benefits in the short-term, but the benefits balance or exceed the cost in the long-term. The 
reserve of some important information may not show value, but the absence of this information 
may cause great consequences and be costlier to retrieve.  

It was similarly mentioned in an article that engineers need to consider both the short-term 
and long-term utilization needs of traceability. And the authors suggest to first quickly and 
completely establish a low-level traceability granularity and then refine them according to the 
value consideration [30]. 

5.3.5 Insufficient documentation regulation 

This issue is not as popularly discussed in the literature but somehow indicated. From the 
analysis of research, a challenge is mentioned as people fail to follow standards [57].  

The documentation, which was written by the manager with a lot of experience and 
knowledge, have a few information [27]. It is hard for other employees to realize the traceability. 
The similar issue showed in C5 and C6. They are small companies with experienced managers as 
our interviewees. The managers understand the links of the projects and do not always consider it 
necessary in the current to record some links and information. This can be fixed if the managers 
can follow the standards or regulated documentation procedure. 

5.3.6 Awareness 

It is mentioned that there are different concept and definition of requirement traceability and 
requirement traceability can hardly be conducted consistently if the practitioners have their own 
understanding as to the concept [41]. While in our study, we found that the employees who work 
on low management level focus on their own parts may lack overall understanding, such as in C3. 
They may not pay attention to the external links and overall process while the managers usually 
understand the concept. The article [41] somehow defined an uninformed definition of 
requirement traceability. For employees, it is mentioned that the maintainers find the 
documentation updating to be tedious and hence neglect [14]. However, it is not shown in this 
study and the issue can be faced by management regulation. 

In scrum methodology, which welcomes changes. The practitioners think the 
implementation of requirements traceability is unnecessary [17] and views traceability as “extra” 
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effort [27]. The issue [41] that tacit knowledge varies and the deliverable-driven cultures still 
very much exist in the survey. The managers neglect the long-term value of traceability but focus 
on the deliverable codes. This leads to low traceability level of the projects, such as in C7.  

5.3.7 Summary 

Table 5-7 Challenges related to requirements traceability found in our study and the 
previous work 

Challenge Challenges in the literature The findings of our study 

1 Tool support -Commercial tools do not support 
needs as adequately as claimed, lack 
of cost-effective tools. 
[33][41][25][29] 

-Poor integration and inflexibility. 
[41] 

-COTS tools are unable to provide 
many benefits without significant 
rework. [29] 

-One tool may not fulfill all needs, 
lack of functions. 

-Functions are expensive or 
unavailable 

-Either work without some required 
functions but manual work in the 
replacement or develop one's own 
tools. 

2 The high 
cost of 
maintaining 
traceability 

-Tedious and time-consuming to 
maintain RTM. [14][18][59] 

-Low efficiency of requirement 
changes. [18] 

-Chain mistakes from frequent 
requirement changes. [18] 

-Agile more time-consuming. [17] 

-A balance: cost and traceability 
level. [30] 

-Cost a lot of effort to build 
traceability documents through all 
phases. 

-The significant cost is to maintain 
and update the information, 
especially when requirements change 
frequently. 

3 Information 
not timely 
updated 

-Cannot guarantee document to be 
"up to date". [41][25][26][29] 

-Record the information at the last 
moment or ignore. [41][27] 

-Reduce accuracy [14][20] 

-Recovery "after-the-fact". [14][60]  

-Information is often not immediately 
updated. 

-Deliverable-driven consideration of 
managers,  

code delivery > documentation. 

- Some information is forgotten to 
update. Missing information becomes 
hard to retrieve after a long time. 
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4 Benefits 
recognition 

-Practitioners think costs > benefits 
[57](LR) [41][14] 

-Practitioners think benefits > costs 
[57](case study) [17] 

-Consider both short-term and long-
term utilization needs of traceability. 
[30] 

-The value of requirement traceability 
is not recognized. 

-The value is hard to show in the 
short-term, but the problems show 
badly in the long-term. 

-Practitioners rely less on traceability 
information at the moment if the 
small project and a small number of 
employees. 

5 Insufficient 
documentation 
regulation 

-Failure to follow standards. [57] 

-Documentation of manager with a 
lot of experience and knowledge 
usually has coarse-grained 
traceability granularity. [27] 

-Lack of strict request for 
documentation.  

Without it, some information is left 
out, employees forget why and how 
the changes were made. 

-Managers may not record high-
abstract level information or the links 
between artifacts but satisfied to just 
have the ideas. 

6 Awareness -Tacit knowledge varies and the 
deliverable-driven cultures. [41] 

-Find documentation updating 
tedious and hence neglect. [14] 

-Views traceability as "extra" effort. 
[17] [27] 

-Employees lack overall 
understanding but only focus on their 
own parts. 

-Managers neglect the long-term 
value of traceability information. 

 

 

More different challenges mentioned in the literature 

 Manual work is tedious 

 It is mentioned that software maintainers find the update of the documentation to be tedious and 
time-consuming [14][25][59], and therefore they often neglect the work [14]. This results in 
further verification of the accuracy of a traceability matrix or reworks “after-the-fact” [14].  

 Difficulty to choose the right granularity level 

The granularity level of traceability refers to the level of precision of trace links [30]. It is 
mentioned early that coarse granularity of traceable entities is an underlying problem [41].  
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The right granularity level of traceability may not be as simple as - the higher or the lower 
granularity level, the better. The granularity level is often a trade-off.  As low-quality traceability 
can be produced quickly and economically while perfection is expensive and hard to determine 
[30]. Low-level granularity supports more precise traceability but can cause an excessive amount 
of work [59]. The coarse-grained trace links provide better coverage and higher quality at lower 
costs, but coarse-grained trace links are not precise and useful [30]. 

 Frequent error (especially manual activities and in the large-sized project) 

The task of building a requirements trace matrix is error prone [59] [25].  

 Difficulty in information recovery/retrivery 

There are many times when a requirements traceability matrix (RTM) does not exist or there is a 
need to ensure requirement completion and accuracy, hence information retrivery of “after-the-
fact” requirement tracing is needed [60]. 

The recovery techniques of traditional traceability relationships link are not accurate enough that 
none of the existing traceability approaches can recover accurate semantics of requirements 
traceability information [20]. Multiple articles proposed information retrivery methods to solve 
the problem of recovering traceability links to a certain extent [57].  

 Neglect in non-functional functions 

Tracing non-functional requirements (NFRs) has been neglected on the whole [19]. Organizations 
fail to trace NFRs like other quality such as performance, security, and usability [57]. Because 
NFRS tends to map from one-dimensional requirements to n-dimensional solution space when 
they are dispersed in multiple modules, and also trying to implement an NFR can help or hinder 
other NFRS achievements in some areas [19].  

5.3.8 Comparison of similar research 

Torkar et. al. [57] thoroughly conducted a systematic literature review of requirement 
traceability at 2015 and investigated deeply in two Swedish companies for a case study. 

[57] and our study both aim to find the challenges of RT, and both conducted SLR and 
investigate in the industry. 

We included [57] in our selected articles for SLR. While the empirical research of each 
research is conducted independently in a different context. 

What’s different in the industrial investigation is the targeted population, sampling, and 
scale: 

- Research [57]: Conducted in-depth case studies in two Swedish companies. 

- In our study: Surveyed 7 representation Chinese SME companies to target Chinese 
software industry SME practitioners.  
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We found the results between [57] and our study have some similarities an differences: It is 
presented in the table below. Some challenges are identified in the SLR or case study in [57], and 
some challenges are identified in our study (SLR and survey). 

*SR refers to the systematic literature review. * CS refers to the case study of [57]. *SV 
refers to the survey of our study. 

Table 5-8: Similar research results comparison 

Main challenges identified in [57] Main challenges identified in our survey 

Source Challenge motivation Survey SLR 

SR&CS Cost and efforts 
related to RT. 

High cost and efforts are also 
an important concern 
(discussed in 5.2.2). 

Category 2 (High cost)  
in table 5-1. 

SR How much 
traceability is 
enough? 

\  Category 5  (coarse 
traceability granularity) 
& 8 (Difficulty to 
choose the right 
granularity level) in 
table 5-1. 

SR Traceability practices 
are essential to 
managing change 
requests. 

Indicated but not highlighted Indicated but not 
highlighted 

SR Failure to trace non-
functional 
requirements. 

\ Category 11 (Neglect in 
non-functional 
functions) in table 5-1. 

SR Tracing requirements 
back to their sources. 

\ Category 10 (Difficulty 
in information 
recovery/retrivery) in 
table 5-1 

CS Lack of traceability 
support between all 
phases. 

\ \ 

SR Requirement 
traceability does not 
offer an immediate 
benefit to the 

Requirement traceability is 
seen as unworthy because its 
value is shown in the long-
term (discussed in the 5.2.4). 

Category 4 (Unworthy) 
in table 5-1. 
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development process.  

\ \ Lack of effective tool 
supporting 

Category 1 (Tools 
supporting issue) in 
table 5-1 

\ \ Requirement traceability 
information is not 
immediately updated leading 
to inaccurate and out-of-date 
data. 

Category 2 
(Information latency) in 
table 5-1. 

\ \ Deficient requirement 
traceability practice, such as 
experienced manager 
preferred coarse-grained 
traceability is enough for 
himself (C7); Developers are 
not formally asked to keep 
regulated traceability 
information (C6). 

Category 5  (Coarse 
traceability granularity) 
in table 5-1. 

\ \ Awareness to pay attention to 
requirement traceability 
practices (between phases, 
communication, etc) 

Category 6 
(Mindset issue) in table 
5-1. 

SR Manual work is 
costly. 

Manual work to maintain 
traceability is effort-
consuming especially when 
requirement change 
frequently 

Category 7 (Manual 
work is tedious) in table 
5-1. 

With the similar interest of aim, our findings are able to extend findings of [57].  

From the comparison of identified challenges between [57] and our study in the table above, 
if we synthesize the results, we can have these extended challenges in the table below. 

Table 5-9: Unified results from both study 

Source Identified main challenges to practice requirement traceability 

[57]SR & [57]CS & 
our SV& our SR 

Cost and efforts related to RT. 

[57]SR & our SR How much traceability is enough? (granularity level) 
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[57]SR & our SV & 
our SR 

Traceability practices are essential to manage change requests. 

[57]SR & our SR Failure to trace non-functional requirements. 

[57]SR & our SR Tracing requirements back to their sources. 

[57]CS  Lack of traceability support between all phases. 

[57]SR & our SV & 
our SR 

Requirement traceability does not offer an immediate benefit to the 
development process. 

Our SV & our SR Lack of effective tool supporting. 

Our SV & our SR Requirement traceability information is not immediately updated 
leading to inaccurate and out-of-date data. 

Our SV & our SR Deficient requirement traceability practice, such as experienced 
manager preferred coarse-grained traceability is enough for himself 
(C7); Developers are not formally asked to keep regulated traceability 
information (C6). 

Our SV & our SR Awareness to pay attention to requirement traceability practices 
(between phases, communication, etc) 

[57] SR & Our SV & 
our SR 

Manual work to maintain traceability is effort-consuming especially 
when requirement change frequently 

The industrial findings result from the different interview participates. In [57], the 
participates are large scaled Swedish companies, and in our study, we aim at small and medium 
scaled Chinese companies to alleviate confounding factors about scale. The different scale and 
location of enterprises may likely result in different responses. For example, in our survey, we 
find that managers underestimate the value of requirement traceability because the practices offer 
more value in the long-term. While in [1], the case companies have operated for a longer period 
and the practitioners might understand the long-term value better and not report a similar 
challenge. Also, the case companies both used tools to take care of “which individual matches 
which task” problems and one case company uses an automated tool to solve manual cost 
challenge. While in the survey, all surveyed companies use commercial-off-the-shelf tools. SME 
may have more limited resource to solve the challenges. It is mentioned in [2] that COTS 
(commercial off the shelf) tools are unable to provide many benefits without significant rework. 
And the challenges are connected to each other. 
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6 Discussion 

6.1 Discussion of the results and related works 

From the systematic literature review, we study the previous research to gain the existing 
knowledge of requirement traceability, as well as identifying the answers to RQ1. 

Requirements traceability can be used to describe the direction of the lifecycle of 
requirements in both forward, and backward directions to ensure that each requirement is 
properly implemented [41].  

The benefits of effective traceability practice are it supports [18] [23]: requirement change 
assessment, defect maintenance, quality assurance, component reuse, and project integrity, 
analyzing and maintaining the impact of requirements changes. 

In the survey, how to deal with requirements changes are discussed for software industrial 
methods and practices in Chinese SMEs. We analyze the application of requirements traceability, 
especially in the situation of frequently changing requirements. Through the exploration of 
various research methods and the survey, we collect interview data from several enterprises and 
follow the qualitative content analysis method to analyze and give the results. And from the 
perspective of related work and literature review, the results are compared with our study results 
and discussed, and more reliable conclusions are drawn.  

Regarding RQ2, the surveyed companies have shown some difficulties in applying 
traceability practices. And changes of requirements have an impact on efforts and difficulties in 
sustaining traceability. In the analysis, some challenges can be drawn from the analysis of the 
interview materials, all aspects are interrelated. A major challenge is often resulted by the specific 
companies’ context- the cost of maintaining traceability and the shortage of resources. The related 
cost issue is also mentioned in the literature, such as [30] [57] [59]. The challenge will be more 
effective as requirements changes. In order to maintain dynamic traceability information, each 
requirement change affects many links and aspects of the document. And it requires more and 
more effort to update changing information. Rapid requirements changes have increased the 
impact of efforts to update traceability information. In the literature, a similar issue has been 
reported that the information is often delayed to update, such as in [27] [41] [60]. In particular, 
some companies in a highly competitive environment, the market changes rapidly, or immature, 
rapid development, technology, requirements and products constantly changing. Companies with 
these backgrounds face faster requirements changes, therefore need to maintain sufficient 
traceability information. These situations occur particularly in small companies or startups. These 
companies have limited resources, support traceability work. The challenges faced by small 
companies facing rapid requirements change are enormous. Rather than always finding the right 
tools, the problem with the COTS tools cannot be customized. 

From all interviewed companies, they intend to focus on implementation, and document 
work is usually judged unimportant than implementation. Without some traceable information, 
problems may occur over time. In the practitioner's view, the short-term return of information 
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may not be considered high. Enough traceability information is a large amount of data, all data 
can be used very low. However, it is difficult to retrieve data if the information is, lost and cannot 
be traced when it is needed in the future. For the recognized low value and considerable effort, 
some companies invest less in traceability and problems arise without notification.  

Traceability is needed, especially when requirements changes. In terms of the challenges 
faced in the software development industry, we have come to some reliable conclusions from the 
data collected as well as analyzed with the SLR results. Some of the survey results are similar to 
the literature reported issues. These are the biggest challenges: 

(1)Tool problems usually exist. We find that a single tool on the market cannot meet the needs of 
all processes. Some companies must merge multiple tools. In the literature, COTS tools are 
unable to provide many benefits without significant rework [29], and they do not support needs 
inadequate as claimed, lack of cost-effective tools. [33][41][25][29] 

We find that usually there are some functions or components missing from each tool. 
Software components can usually be expensive or unavailable, and organizations may have to 
develop tooling components themselves, which affects costs, effort, and planning. In addition, 
tools cannot be easily customized. In the literature, researchers also mentioned poor integration 
and inflexibility of the tools [41]. 

(2)  The cost of establishing and maintaining traceability in the company is too high. This may be 
a major obstacle to improving the level of industrial traceability. Manual requirements 
traceability costs highly. When requirements change frequently, the cost of maintaining 
traceability will increase significantly. Related problems are mentioned in the literature that 
developers or maintainers find maintaining RTM is tedious and time-consuming [14][18][59], 
chain mistakes caused by frequent requirement changes [18]. 

(3) The practitioners often delay updating information in time. It is also mentioned in [27][41] 
that developers often record the information at the last moment or ignore [41][27]. This will 
affect the reliability of traceability information. The delay issues are common because code 
delivery takes precedence over documents maintenance due to resource shortages and inadequate 
attention. And it cannot guarantee document to be "up to date" [41][25][26][29]. 

(4) The value of traceability is underestimated because problems or consequences of traceability 
often occur over a long period of time. But at that time, when the problem showed that some 
traceability information became irreversible. In the short term, the managers often consider the 
value/cost return of traceability and find the cost surpasses the return. While, the findings in the 
literature has some debate about it: some find that practitioners think costs exceed the  benefits 
[41][14], and some find that practitioners think benefits exceed the costs [57] [17] 

6.2 Implications for practitioners and academic research 

(1) Through systematic literature review and the survey, we further validate the need for 
traceability in software development that it plays a very important role in the development of a 
product, requirements change management and user satisfaction. 
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(2) We identified the problems or challenges practitioners encounter in the software industry 
in establishing requirements traceability. It enables more practitioners to examine and avoid 
obstacles by understanding some issues, the causes, and background from our intense discussion. 
Enterprises can consider more effective ways to practice the requirements traceability at a lower 
cost.  

(3) We pointed out the weaknesses, importance, and requirements of traceability support 
tools, thus to enlighten and promote the design and upgrading of such tool providers industry.  

(4) Our research can provide information about requirement traceability for future research 
so that researchers or designers can consider on the topic more effectively to improve models and 
frameworks. The requirements traceability is useful for requirements change. At the same time, 
the change of requirements increases the difficulty and cost of maintaining traceability.  

(5) We cross-compare the results of the literature review and survey to summarize what we 
proposed is new or similar to the literature, to further extend the research and knowledge of this 
area. 

6.3 Threats to the validity  

6.3.1 Conclusion validity 

It is possible to have assumptions about certain challenges before the interviews. Fishing 
threat refers to when researchers may influence the results by looking for specific outcomes [49]. 
The fishing threats are taken care of some actions. During the interview, we did not lead the 
answer by asking about any specific challenges. Actually, we mainly ask questions about the 
practices of requirement traceability to ensure our understandings of requirement traceability are 
on the same page and then ask if they encountered any obstacle or difficulty. During the data 
analysis, we ensure to include all mentioned negative situations. And we categorize all data 
without knowing the number of categories or what specific challenge to reach. Especially during 
SLR, we did not search for challenges or summarize them until the survey analysis results are 
finished. After the survey results, we review again particularly aiming at identifying what 
challenges are mentioned in the literature and then compare with the survey results. 

To ensure the consistency between the transcription and the interviews, we verified the 
transcribed interview information with the interviewees. We showed the interviewees the 
interview transcription and asked them if the information is correct, to ensure the data reveal their 
knowledge accurately.  

The random heterogeneity of subject may affect conclusion validity [49]. Heterogeneity 
always exists in a study group, while there is a risk that the variation of individuals differences 
may be larger than the treatment [49]. In our study, we targeted at the population of Chinese 
software SMEs and selected some such companies randomly. Within the population, the company 
context, such as the product, company size or customers, may differentiate their process and 
practice during the development. The surveyed software companies produce various products as 
related to finance platform(C1, C3), ERP(C4), PaaS(C2), medical site(C5), and education 
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platform (C6, C7). Their size varies from 60(small) to 800(medium). And the interview results 
are based on the knowledge of the interviewees and their experiences from the companies. The 
heterogeneity indeed shows multiple challenges and we include them all. The results show that 
such challenges exist in the population but do not mean these challenges have to exist in any 
subject(one company), only it is possible for any company to encounter. 

6.3.2 Internal validity 

Threats to internal validity regard the influencing factors affecting the causality between 
treatments and the outcomes [49]. During a survey, the treatment to extract data from respondents 
may also affect certain factors. During our survey, the individuals are separated and parallel, 
hence there is no concern regarding the control group and experiment groups. The survey collects 
the data from the events in the past [54], therefore threats such as maturation and history would 
not threat the internal validity [49]. And the interviews were through phone calls in distance, and 
we recorded the device. Interviewees would not feel comfortable for feeling being audio 
recorded. 

6.3.3 Construct validity 

Hypothesis guessing may affect construct validity [49]. Because during the interviews, from 
previous questions, interviewees might get to understand our intention and even our assumption, 
they might answer what people usually say to fit into our intention rather than the real case. While 
we may ease the threat by asking questions mainly about the practices of requirement traceability 
and afterward mentioning if they encountered the difficulties. We intended to pour out the 
complains and difficulties without feeling it was the aim. 

There may also be an evaluation apprehension threat that people may try to look better being 
evaluated [49]. It is possible that the interviewees may not answer with an absolute confession. 
Because the interviewees understand they are answering on behalf of the companies under 
research. And interviewees may avoid speaking of the disadvantages of their companies. While 
we informed the interviewees ahead that the company and the interviewee would be anonymous, 
which may largely ease the concern. 

6.3.4 External validity 

Interaction of selection and treatment may affect the external validity [49]. This concerns the 
generalizability for the sample to represent the population [49]. For the interviewees and 
companies are from China and the number of cases is seven, the practices and issues based on the 
study may not be applicable to general software companies in the world under a different context 
and especially large-scale companies. For example, large-scale companies have a different 
context regarding the ability to maintain traceability that they have a better resource to choose the 
models and tools. To ease the risks, multiple companies may verify each other to be reasonable, 
and literature provides past information, and it can also verify the related results to some extent. 

Homogeneity within in the sample may also affect external validity [49]. For the selection of 
the companies, we try to find companies randomly. But for the limitation of responding 
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companies and our contacting scale, it is possible that the found companies share more similarity 
than entirely random. If some companies have similar contexts, such as location, the results 
would be less representative to generalize to all Chinese SMEs.  

  



 

Page 97 of 120- 

7 Conclusion 
We first conducted a systematic literature review combined with snowballing, to gain a 

comprehensive understanding of requirement traceability as well as answering to the research 
question 1.  

To answer to RQ1, we find many articles mentioned the difficulties or issue in practicing 
requirements traceability, so we aim at identifying these challenges systematically. From the 
review, we identified and classified the reported challenges into 14 categories: 1) Tools 
supporting issue; 2) high cost; 3) information latency; 4) unworthiness; 5) Coarse traceability 
granularity; 6) mindset issue 7) manual work is tedious; 8) difficulty to choose the right 
granularity level; 9) frequent error (especially manual activities and in large sized project); 10) 
difficulty in information recovery/retrivery; 11) neglect in non-functional functions; 12) lack of 
organizational motivation for developers to pay attention to traceability information; 13) 
immaturity to operate media form traceability information; 14) neglecting traceability during 
implementation. Among the listed results, we arranged the order by: category 1 to 6 are related to 
our survey results, and category 7 to 14 are different from the survey results. 

The knowledge from the existing works gives us a direction to ask questions in the 
interviews, as well as recognize the requirement traceability practices mentioned by the 
practitioners. 

In the survey, we interviewed 7 Chinese SME software companies and analyzed the data 
with qualitative content analysis. Regarding the RQ2, we identified 6 major challenges from the 
survey:  1) Tools not available; 2) high cost to maintain traceability; 3) information not updated 
immediately; 4) low value recognized in short-term, value shown in the long-term; 5) deficient 
documentation regulation; 6) Awareness challenge. 

From the comparison of our survey and literature results, the reported challenges are 
sometimes visible in some researches and sometimes solved in some cases. The issues partly 
dependent on the insights of the practitioners. Some reported traceability problems can be seemly 
solved by well-customized tools for each particular organization. We consider that what is in 
need is function-flexible, cost-effective COTS tools and models that can be easily adopted for 
SME companies without significant rework. This can alleviate most of the identified challenges 
in the survey. Such as in the studied Chinese software industry environment, with the recent burst 
of new software SME and as indicated by the survey, such models and tools are greatly needed. 
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Appendix 1 - Interview Transcription 
Each interview lasted from 30 minutes to 50 minutes. The interviewees give an abundant 

description of their knowledge other than giving quick answers. We recorded each interview 
audio, wrote down and translated into English. The original raw material has around 5 pages for 
each interview with repeated content. Thus, here we provide summarized material in 
consideration of the length of a thesis.  

During case transcription, we use the codes to highlight important information as part of the 
qualitative content analysis. The codes can help us to locate and compare issues hidden in the 
material. 

Company 1 

Employees Size Approach Domain / Product 

600 medium waterfall Stock trading and analysis Software 

 

This company applies the waterfall development model: waterfall. It is a plan-driven 
process, initiated with a plan and work through phases in one direction.  

Code: waterfall 

Process 

This company uses CRM to help build links to improve the requirements traceability. CRM 
(Customer relationship management) is a system used for management and analysis of dynamic 
customer data, including customer software requirements. Requirement link distributed in 7 
phases: user requirement, requirement analysis, design, development, self-test, test, and release. 
After requirements analysis phase, product managers build requirement links on the CRM system 
and allocate tasks of each node to teams. Requirement links indicate the relationship between 
requirements and other requirements or information. The node refers to requirements or artifacts 
where the links derive and divert in a traceability model. When the requirements of a node are 
implemented, the team members should record their work content information in the 
corresponding CRM unit. And they usually do not consider the links between their implemented 
requirements and other requirements, while their managers deal with the whole relationships with 
CRM. 

Code: CRM; Requirement change    

This company defined the requirements comprehensively at the beginning, and few major 
requirement changes would usually occur in the development process. Mostly these requirement 
changes occur during maintenance.  
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And the reasons for requirements change are:  

When receiving the customers' feedback, the requirements of customers might be changed.  

To keep strong competitive power between similar companies - when other companies 
developed new requirements or better requirements, this company plans to imitate and develop 
similar requirements. 

When requirement changes occur during the development process: 

If they need to change or delete one requirement and all work related to the requirement, 
they redefine new requirement links and assign new tasks. 

If they need to add one new requirement, they evaluate the priority of the requirement and 
develop the high-prioritized requirement first. 

When requirement changes occur during the maintenance process: 

If they need change or delete a requirement, they need to find corresponding requirement 
traceability information. The maintainer needs to find out how this requirement was developed. 
Afterward, maintainer updates links and contents in the corresponding CRM unit. 

If they need to add one new requirement, they need to define new requirement links and 
record information in a CRM unit. 

Code: priority 

Advantage:  

The product owner said: The traceability technology is mature in the waterfall development. 
There are a lot of mature platforms and tools to support this technology, thus, the application is 
competitively easy. 

Disadvantage: 

The effort to maintain the requirement traceability matrix is large. 

Since each employee participates in the matrix, the training is costly.  

The requirement change process in waterfall development is inflexible. During the whole 
product development, they cannot directly change the requirements, but the only way is to 
remove this requirement and its links and create a new requirement and related information. And 
This leads to a lot of repeating effort. 

Experience: 

Traceability can be established by using a matrix in combination with traceability 
information. Adding version numbers and task numbers to requirement links can help clarify the 
matrix. 
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Add author and time to the matrix. Requirements may have been changed before, they need 
to know the source of requirements. Therefore, when a requirement changes, a manager can find 
the author and history, then they can change information of its node efficiently and accurately. 

Company 2 

Employees Size Approach Domain / Product 

80 Small Agile Personal PaaS Service 

 

Process 

They elicit requirements from customer and build a document called MRD (market 
requirement document) that describes the customers’ needs of the product. 

Code: MRD 

And they then design the product based on user requirements and build a document called 
product requirement document (PRD) that contains all the requirements of a product. Then, they 
decompose and distribute requirements into small tasks. One decomposed requirement would not 
distribute to more than one developer. Otherwise, it means the requirement can be decomposed 
further into smaller detailed requirements. 

Code: PRD 

They prioritize decomposed requirements. And implement high-priority requirements first. 

Code: Priority 

They apply Agile to projects, Scrum to be specific. Because they need to change 
requirements to adapt to constantly the changing market, and they cannot guarantee to design and 
implement once for all to meet best business strategy. It is not suitable for the projects to apply 
waterfall. As pointed out, it consumes a long time to develop with the waterfall process while the 
market changes significantly during the period.  

Code: Agile 

 

Requirement elicitation 

Requirements are elicited from several different sources: 

Because their products are B2B (business-to-business) that their customers are other 
companies, they communicate with customer companies and collect their requirements.  
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Some techniques of the company products are actively discussed in website communities. 
They also collect information that they can apply to their products from these technical 
communities and elicit requirements from it. 

Requirements that are reflected and generated by staffs themselves are limited, much fewer 
than the other two ways. 

Requirement changes 

Requirements do change continuously. One advantage of Agile is to adapt to changes. They 
do not change requirements during one sprint. They do not reply to “external” requirement 
changes, which refers to user requirements from the customer and another process. But they do 
accept “internal” requirement changes within a sprint. And it refers to when developers find a 
requirement description is unable to implement or it is not feasible technically, they would 
change it immediately. 

For the external changes, such as new requirements or change of requirements, they would 
put them into another sprint. 

Requirement changes could occur in any phase or process in the company. As pointed out, 
especially in start-up companies, they design products based on a core innovation point or a 
technique. The innovate technique cannot be very mature, and it can change constantly. Due to 
the trend of related technical and trend of the market, the core technique may change, and core 
requirements change with it. 

From interviewee’s experience in a very large-scale enterprise, they have matured and stable 
techniques yet also change requirements continuously, around once every 2 to 3 months. In this 
company, they have requirement change around once a week. 

Traceability Links 
They link the requirements to design, code and test case. 

-Requirement to design 

Based on requirements, they firstly design draft interface, and then make interface mockup 
design that contains visual features as designed for the product. Front-end is to design UI and 
backend is to implement functions and architecture. Designers and developers make proposals 
about how they want functions to be implemented and the evaluation team would evaluate the 
proposal. Designer build a design document if the proposal passes. Developers would develop 
based the design documents. 

Code: Design document 

-Requirement for development 

The direct link between each requirement and its code location is not built. As pointed out, 
it is because code that related to one requirement could be in many locations, marking each part 
of the code with its requirement is not feasible but chaotic. They have a Design Document that 
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contains detailed implementation information to assist development. When a developer continues 
to work on another developer’s tasks (e.g. resign), the new developer can track the design 
document. And they use tools to manage code, such as Github. 

Code: link 

-Requirement to test 

Test cases are created based PRD (a document that contains all product requirements), as 
well as interface mockup design. 

A test case contains the desirable outputs of each requirement. And testers make a checklist 
to record and make sure the feature meets the requirement description, associated with the 
backlog. And they give feedback on failed cases to corresponding develop teams. 

Code: Test case 

-Requirement maintenance 

After each sprint, they maintain the PRD to adapt to changed requirements. If some 
requirements could not be implemented by developers, then the product owner would change the 
requirements. Some requirements changed by customers. 

Tool 

Tools they use to manage processes: Git-hub, Zentao(process management tool).  

Tools they use to track and manage requirements: Jira. 

The reason for choosing these tools is that they are open-sourced and free. So, companies 
can customize the tool to fit their needs. 

Challenge 

One major difficulty is that requirement change occurs too frequently, and implementation 
cannot keep pace with incoming changed requirements as planned, due to limited resources and 
time. 

Documentation 

Unlike large enterprise, they may build documents first and execute according to the 
documents. In the small company, people may not emphasize process and rules that they may do 
works first when they are told, then documentation afterward. 
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Company 3 

Employees Size Approach Domain / Product 

1000 medium Agile Online financial operation Platform 

The interviewee agreed that requirements traceability is important to manage the 
requirements changes. This company applies agile development model - Scrum. In recent 
software services environment, architecture is standardized and stable, products are separated into 
components, and API technology can support the stability of the products. The impact of 
requirements change is thus reduced, and it usually does not impact the core system much. 

Code: Agile 

The project should be divided into 4 nodes: source, development (operating), release and 
maintenance. 

Code: Node 

Source node: The requirements should be controlled in the beginning, and the source of 
requirements should be traceable. Business, technology and development department meet and 
brainstorm to make the plan. They then write BRD (Business Requirement Document) and PRD 
(Product Requirement Document) and make a business case. And they design the product 
according to the BRD, PRD, and analysis. 

Code: BRD, PRD 

Development(operating) node: In the software environment, the requirements of market 
change frequently. Thus, the goal of development is rapid delivery and fast testing in each sprint, 
to reduce the lead time. They use minimum viable product (MVP) method to find the core value. 
Thus, they can fast release the product and get the feedback, and change the product as per the 
feedback. 

Code: MVP 

Code: software market change frequently (requirement change cause) 

Release and maintenance node: After users use the product and functions, they get the 
feedback and optimize the product focusing on the majority demand of the customers. 

Code: Customer feedback 

Code: Optimization 

In Agile development, the product manager may neglect the requirements traceability and 
think of code as traceability document. After they changed an implemented requirement for a 
long time, it may likely be difficult to trace the change. 
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Code: Traceability Deficiency 
 
Process 

When a new requirement is proposed. First, the team writes a PRD. Next, they integrate 
these requirements and documentation as below. 

Document to describe the background and purpose of these requirements. Then, according 
to the mind mapping graph, they draw a tree graph to show the link of each requirement. The link 
includes the start, implementation, and release.  Nodes of the tree output some outcomes that 
recorded in PRD, requirements document and tree. They can not only be used to trace the 
information of requirements but also use to check whether the product satisfies the real needs of 
customers. 

Unified specification and standard: the manager meets with developers, testers, and 
maintainers, and let them participate in requirements traceability documentation with unified 
specification and standard. When someone makes changes, they need to record the changes with 
different color. Different versions have different colors. 

Code: PRD 

Code: Traceability tree graph 

Code: mind mapping 

Challenges 

They don’t have tools to support this method, all the work on the tree graph and 
documentation is offline. Thus, the cost maintenance of traceability is too high. But they have 
found some tools support Mind Mapping mode, and they plan to introduce these tools into their 
company. 

Code: Traceability maintenance  

Code: Tool 

The second challenge may not only exist in this method but also in other methods. It is a 
mindset challenge. Every employee (developer and tester) intends to focus on his own part of 
work. They do not have an overall concept of the project. Managers have thought about training 
the employee, but that is too difficult, and it costs a lot of money and time. 

Code: Mindset challenge, Overall concept 

Code: Training costs 

He also has some experience with waterfall development model. In waterfall model, he also 
used requirement number (information traceability) to improve the traceability. 
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Company 4 

Employees Size Approach Domain / Product 

800 medium Agile Enterprise Resource Planning Service 

Process 

When the company develops the software package of ERP, they use the waterfall 
development model: waterfall. The requirements always change during testing and after release 
(when products are online). If the requirements change after release, it usually leads to a lot of 
outcomes: rework and reputation(users will not trust the product anymore). 

When they develop and maintain the product, they provide the service of business software, 
and they use agile development mode: Scrum. The requirements may be continuously changed. 
These are a lot of good requirements change that can help them improve the product. 

Code: waterfall 

Code: Agile 

In waterfall: When requirements need change, they need every role to participate to confirm, 
examine and approve this change. 

In Scrum: They use SAS (Statistical Analysis System) to control the requirements change. 
Once a customer proposes problems and requirements, the project manager would consider the 
level and business goal of requirement changes. 

Code: SAS (tool) 

They create the feature library according to the feature of every single requirement. Split the 
feature list to development tasks, test cases and so on. This library can link these tasks and 
improve the requirements traceability. But in Agile development, when they create the links, they 
usually focus on the early requirement and major requirements. 

The links between requirements sometimes have dependency relationships. These links are 
shown in a structure table by the interface links. 

In waterfall development, requirements are here linked to design artifacts. Development and 
testing are linked to design. They use graphs to show the links among them. 

In software software development, requirements are linked to design, development, and 
testing. When requirements change, they develop requirements according to the specification. 
After development, the changes are added to the graph. 

Non-functional requirements of the product are linked to the design artifacts in the design 
phase. Non-functional requirements of the process are merely specifications of some department. 
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Requirements also link to test cases and customer experiences in practice. 

Code: Links 

Code: Feature library, Structure and interface table 

Code: Graph 

Code: test case 

Tool 

They use JIRA as the tool to support the requirements traceability.  

Using this tool, they can create tasks and the development process according to the 
requirements. When employees submit the code, they need to provide the purposes and authors of 
their code and links to the corresponding requirements. The test case is made according to the 
specification of the product. When the manager received the changes, he checks the requirements 
link and discusses with the corresponding developers. 

Once they get the project, they create the requirements of the product, then divide 
requirements into tasks and test case, and create links between the task and requirements data. It 
makes the project open to employees and helps every employee in this project to realize the 
whole project and data clearly. 

Code: JIRA(tool) 

Challenge 

-The challenge for the tool: 

The Plug-ins of JIRA is charged, which increases the costs. 

JIRA is not free, and it limits the free functions and closes some parts unless purchased. The 
flexibility and usability of JIRA are decreased, and it also requires certain high ability of the user 
(process manager). 

The process of work is not customized, it increases the maintenance effort. 

-The challenge of person: 

The pressure of tester can be very heavy when the links from test cases to the requirements 
are not accurate. 

The challenge shows the need to update the requirement links timely. In the software 
industry competitive environment - time is key, and they need to develop and release the product 
as soon as possible. They often update the requirements link after release. Sometimes, they forget 
to update the link after release. It makes the analysis and the tracing of requirement changes hard. 
They cannot find the source of problems when the data is incomplete. 
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Code: Costs 

Code: Flexibility decreased 

Code: Customized problem 

Code: Data not updated in time  

New method: they are learning to adopt User story map. 

Waterfall requirements traceability is the traceability of single requirement. 

When they use a User story map, they make sprint plan and development plan. Based on the 
sprint plan and development plan, they allocate product activity to timeline and allocate 
requirements to different sprint, and the planning also leads to a new version. Requirements 
correspond to the sprint. In this technology, tracing requirements is to trace the corresponding 
versions. When one requirement is allocated to one sprint, they make a scenario simulation. One 
sprint is small scaled. After each sprint, they release the product to the user, find the defeats 
timely, and reduce the requirement changes in the final product. It may provide a high level of 
requirements traceability. 

Code: User story map 

Code: Sprint plan, timeline 

Code: Scenario simulation 

 Experience 

According to the experience, they divide requirements into stable and universal 
requirements and personalized requirements. Stable and universal requirements allocated low-
level traceability, it can reduce the effort of maintenance of requirements traceability.  
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Company 5  

Employees Size Approach Domain / Product 

60 small Agile Medical(cardiac) clinical service website 

 

Requirement change from plan-driven to Agile 

When the company experienced in waterfall process, the requirement changes usually 
happen after release, and it was mainly referred to customer’s feedback, due to the features and its 
relevant changes on the product by customer’s requirements. Customers usually cannot have a 
first view of a prototype until it completes the whole process. That is why the product may likely 
be different from customer expectation after a long period of development. 

When the company applies Agile, requirement changes occur constantly during the project. 
The teams do not change requirement within a 2-week sprint, but put the changed requirements or 
add requirements into the next sprint. Unless a requirement has significant business value, the 
requirement would be added to current sprint. And the sprint backlog would be added to new 
requirements. 

Requirements are selected from requirement list to backlogs. 

Code: Backlog 

The interviewee shows they emphasize communication more than traceability documents to 
get teams informed. The reason is possibly related to small project scale and limited human 
resources. The interviewee mentioned documents cause more misunderstanding than direct 
communication. 

They use excel to document requirement links. They use “keywords” to label the 
requirements. The key word is a short description that indicates the main feature of the 
requirements. It is more recognizable than numbers as requirement identity. They can search 
requirements in documents with keywords and functions. And the results return requirements that 
share common keywords. 

They first collect as many requirements as possible and call the assembly as “requirement 
pool”. Then they edit the record of requirement pool. They use test cases after check 
requirements. It is helpful to test the product to get the right requirements. 

Code: Communication>Traceability 

Code: Traceability keyword 
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They use two tools - Confluence and Jira to manage requirements processes. The 
interviewee mentioned that for small companies, they may not able to find such a suitable tool to 
use, to help the requirement process management digitally. 

Code: Tool 

The interviewee stated that the cost of traceability maintenance, which includes the whole 
process traceability documents from requirement to development, is great for their company. 

When requirements change, the related maintenance of traceability document is necessary. 
Requirements have a dependency on each other, thus, the changed requirements are followed 
with maintenance to related traceability information, and other information, which includes any 
traceability information of other related requirements. Every time a requirement changes, the 
related form and files should be updated as well. With a higher requirement changing frequency, 
the cost of the requirements traceability maintenance will be greater. 

Thus, due to the impact of changed requirements to other requirements, and any other 
factors, the return and significance of traceability are low for this company in the current stage, 
but the cost of establishing traceability is great, as pointed out by the interviewee. The 
interviewee’s opinion was that the investment and improvement to maintain requirements 
traceability in this company increases management cost, but returned with limited benefits. This 
situation is likely related to company context. 

As they use Agile for projects, the interviewee pointed that the flexibility and changing 
Agile processes encourage light and small documentation. So, the interviewee’s viewpoint is that, 
for this company, requirements traceability is needed, but should be small scaled, and take limited 
effort and cost.  

Code: Requirement dependency 

Code: Cost 

 -A project where requirements traceability shows great values. 

The interviewee mentioned a case that a project they operated before. Four third-party 
companies cooperated in this project. It was a big project with sufficient human and financial 
resources. They had one project manager who was particularly responsible for maintaining the 
requirements traceability list and documents, for the need of inter-enterprise cooperation. The 
project called for a fast interaction with multiple companies, therefore, the requirements 
traceability played a big part in the project management. 
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Company 6 

Employees Size Approach Domain / Product 

60 small waterfall School-student interaction and 
management application 

Process 

Each requirement was under its related module. Requirements are classified into modules by 
functions or features. They have requirement backlog including modules, requirement title, 
requirement descriptions, comments, priority and release status.  

Developers implement a requirement in a file under a folder which was named as its related 
modules. A module includes many requirements. A requirement is usually under one module and 
implemented within one module folder. Each requirement is directly traceable to code, (code 
comment may note what requirement is implemented here in this specific code), but module is 
traceable to the code.  

Code: Requirement module 

Interviewee mentioned that each developer works on a part of requirements modules, and 
the scope is small for each developer. So the traceability is more relying on their memorize trace 
from requirement to code during development, rather than traceability documents. 

Interviewee participated in projects of 2-3 months. They use the tool Zentao to manage 
processes such as testing. Generally, developers use code directory structure to locate code, and 
trace requirement to code.  

Code: Zentao (tool) 

During requirement specification phase, requirement changes most frequently. Team and 
stakeholders brainstorm about the requirements. Requirements hardly change after this phase and 
requirements are settled. But when defects are detected in logical structures, requirements may be 
discussed again. 

Code: Requirement change 

When a requirement changes, developers update backlog, modify code, UI, and database. 
As per the UI, requirement backlogs, and test code, the developers do the product functionality 
tests, and report the test feedback to Zentao. It sometimes happens that the developers forget why 
they implemented or changed the code without relevant document or record to trace. It leads to a 
great inconvenience. Their process is Water-fall. 

Code: waterfall 

Code: Deficient traceability information 
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Company 7   

Employees Size Approach Domain / Product 

60 small waterfall Online education Platform 

 

Process 

When they are road-mapping and designing requirements plans, they try to describe 
requirements clearly before distributing them to engineers and developers. Distributing tasks is 
based on the abilities of each engineer, and the density of tasks. 

But the planning and designing of requirements are comparatively abstract at the 
requirement specification phase and cannot be accurate and thorough. Then they continuously 
change and improve the requirements when engineers implement the tasks. 

Code: Requirement distribute 

The causes were mentioned that the manager and designers may not understand the 
requirements entirely at the beginning, and techniques, tools or programming language used can 
be changed and improved during the project period. Adapting and applying new techniques and 
tools during software development is quite common for this company. Engineers and managers 
can gain better understanding and ideas of the project during the implementation, such as which 
tools and language would be more suitable. 

Code Techniques change (requirement change cause) 

When requirement change is decided, new small specific requirements can be added under a 
significant high-abstraction requirement in developers' backlog or requirement list, and a 
requirement could also be replaced with a new one. They integrate most requirements information 
into the requirements document. Changed requirements and more artifacts can also be added into 
it. And the required documents would be expended and changed mostly with time passes. 
Artifacts are linked in the way of table or sheet. The trace between artifacts can be found in the 
merged document, but direct trace between each group of specific artifacts is not pointed out 
separately. 

Each developer has responsible modules and a particular requirement document. And under 
the modules, requirements are changed and added in these developer document.   

Code: Backlog 

They did not use management tools or platform but use Word and Excel to build a 
requirements traceability matrix. 

Code: Tools 



 

Page 118 of 120- 

Regarding to more requirements traceability information and documentation, the 
interviewee replied that the company size and project scale is small, thus, the interviewee, as a 
manager, is aware of overall planning and management information, as well as this traceability 
information, and he may keep most of the information in his mind rather than documenting. 

Code: Size and traceability 

However, the manager asks each developer to keep a development log every day, to record 
change history of data and functions, implemented requirements, significant change of code and 
so on. This log helps to trace the changes between code version and requirement changes, and to 
track implementation history and its progress. 

A project development period may last for six months. Information from development logs 
and backlog helps to remind developers of previous work - changes made, why to make these 
changes, related functions, etc. 

Code: Development log (traceable information) 

The interviewee did not see proper management tools for this company and wanted to seek 
for suitable tool and process. 

The interviewee has worked in other companies such as Huawei, and he mentioned in large-
sized companies, there are more formal and strict processes and documentation standards. 

Code: The need for suitable tools 

 
 

 


