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Abstract 

Context: As a result of the separation of concerns of a software development project 
into different phases, the requirements engineering (RE) and software testing (ST) 
activities have drifted far apart. RE and ST are two activities of a software development 
process that supplement each other. The requirements dictate how the software to be 
developed should operate and testing should verify that the software operates exactly as 
required. Thus the development process could benefit from linking the RE and ST 
activities for closer collaboration. This is highly important in industry today where 
systems are oftentimes very complex with thousands of requirements and in particularly 
in safety critical domains. 

Objective: The objective of this thesis is to identify, aggregate, classify and structure all 
existing research regarding alignment of RE and ST published by the end of 2015 
through a systematic mapping study. The contributions are analysed in terms of 
publication venues, publication year, contribution and research types, benefits and 
challenges, and how alignment is supported in the studies both from an academic and 
practitioner viewpoint. 

Method: The method applied in this thesis is systematic mapping study that is very 
similar to a systematic literature review. The research question can be much less 
specific and more open in a systematic mapping study compared to one of a systematic 
literature review, since the aim is not to find an applicable solution to a certain problem, 
but to structure research in a certain area. 

Results: The intensity of research show that there has been an increased interest towards 
the topic in the previous decade and the number of journal or magazine publications has 
increased during the recent years. Most of the studies contribute with evaluation of 
frameworks, methods and techniques in case studies together with a few studies 
presenting practices to support alignment. Tool support encompassing the whole 
development process and metrics of alignment are concerns requiring more research. 
The arguments of the benefits of alignment are very convincing, but evidence of these 
benefits are scarce. 

Conclusion: The importance of aligning RE and ST for an optimized development 
process have been recognized by both researchers and industrial practitioners. RE is as 
important as ever in the development process to be able to meet the needs of the users, 
however RE alone cannot guarantee success of a development project, but testing have 
to be taken into account early on. The main benefits of aligning RE and ST, together 
with the right tool support for automation, are the decreased burden of engineers, 
shorter time to market, reduced cost of the development process, and more satisfied 
customers. This thesis provides an inventory of studies relevant to the topic that are 
otherwise scattered around in many different journals, workshops and conferences. 

Keywords 
Software engineering, alignment, requirements engineering, software testing, 
verification, validation. 
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1. Introduction 

The requirements of a software product dictates how the product should operate and 
testing should show that the product does what it is supposed to do (Pressman, 2011). 
Thus are these two activities very important in software development. Developing and 
testing very simple software or a simple software component of only a few requirements 
is relatively straight forward. However, when the number of requirements increases like 
in industrial-scale software development the development process becomes more 
complex and requires extensive planning (Unterkalmsteiner, Feldt, & Gorschek. 2014). 

Separation of concerns can help manage this complexity by dividing the development 
into different phases (Madhavji, 1991).  This, however, calls for coordination of the 
phases (Unterkalmsteiner et al. 2014) and also puts the activities of requirements 
engineering (RE) and software testing (ST) at opposite ends of the development 
process. The requirements are elicited and formulated early in the software development 
process during RE, and testing is done towards the end of the development process. 

Although coordination is important for the whole development process, RE and ST in 
particular can benefit from coordinated functioning (Gramham, 2002). The coordination 
of RE and ST is of great importance especially in modern industry, for example the 
automotive industry, where different activities of the development process can also be 
executed outside the original manufacturers’ (OEM) organization (Broy, Kruger, 
Pretschneer & Salzmann, 2007). 

The manageability of complexity is not the only benefit of coordination. Uusitalo, 
Komssi, Kauppinen and Davis (2008) identified that one benefit of improved 
coorination is improved product quality, and that in turn leads to more satisfied 
customers. Kukkanen, Vakevainen, Kauppinen and Uusitalo (2009) claim that 
coordination of RE and ST will improve project cost and schedule estimation through a 
more accurate testing plan. Thus it would be beneficial for these two phases to work in a 
coordinated fashion. This coordination is referred to as alignment, which 
Unterkalmsteiner et al. (2014) define as “the adjustment of RE and ST efforts for 
coordinated functioning and optimized product development”. 

The automotive industry is just one example where software systems have grown in size 
and complexity. Examples of other domains include avionics (e.g., Nebut, Fleurey, Le 
Traon & Jezequel, 2006), space applications (e.g., Hayes, Dekhtyar & Sundaram, 2006), 
and rail trafficking management (e.g., Flammini, Mazzocca & Orazzo, 2009). Some of 
these systems are complex real-time embedded systems while others might be very 
distributed systems and many times they are all safety critical (Dubois, Peraldi-Frati & 
Lakhal, 2010; Flammini et al. 2009). The studies inspected in this thesis shows, 
however, that alignment is applicable in many kinds of domains and systems ranging 
from administrative software (e.g., Larsson & Borg, 2014) to e-ticketing systems 
(Roubtsov & Heck, 2006) and to telecommunication systems (e.g., Abbors, Truscan, & 
Lilius, 2009). 

Although a lot of research focus on either end of the development process and also on 
the transition from one software development phase to another, from RE to architectural 
design, from architectural design to implementation, from implementation to testing, the 
connection between RE and ST is less explored. (Barmi, Ebrahimi & Feldt 2011; 
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Unterkalmsteiner et al. 2014). Barmi et al. (2011) did a systematic mapping study on 
aligning specification and testing of functional and non-functional requirements in 
2010. The authors found that there was an increased interest towards the topic amongst 
both researchers and industrial practitioners, but the majority of the contributions 
presented only solution proposals and very little evaluation research. In their mapping 
study the researchers focused mostly on approaches and techniques that support 
alignment. Now, 5 years after the research by Barmi et al., there is an increase of 
interest towards the study. A workshop1 dedicated for the topic is an indication of this 
increased interest, thus there is a possibility that the field has evolved trying to answer 
the findings of Barmi et al. stating that there is a need for more case studies and 
experience reports and also evaluation of the proposed approaches. The purpose of this 
thesis is to identify and classify the research done on the topic of alignment of RE and 
ST in terms of publication venues, publication year, contribution and research types, 
benefits and challenges, and how alignment is supported in the studies both from an 
academic and practitioner viewpoint. The template of Goal-Question-Metric (GQM) 
approach (Basili & Weiss, 1984) was used to clarify the objective and in the 
formulation of the research question: What is the current state of research on the 
alignment of RE and ST? 

 Object: Requirements engineering and software testing alignment 

 Purpose: To analyse and to categorize 

 Quality focus: The goals, the foci, the effects and the evidence 

 Viewpoint: Practitioner and researcher with interests in industry 

 Context: Software development organization. 

The research method of this thesis is systematic mapping study (SMS). A systematic 
mapping study is very similar to a systematic literature review (SLR). The biggest 
difference between a SMS and a SLR is that a SMS have a broader focus and is more 
appropriate when there is a likelihood that very little evidence exists (Kitchenham & 
Charters, 2007). The primary concern of systematic mapping study is to structure and 
give an overview of a research area by classifying and counting contributions in relation 
to the categories of the classification (Petersen, Vakkalanka & Kuzniarz, 2015). 
Kitchenham and Charters sate that an SMS gives an overview of a research of interest at 
a higher level of granularity than in a SLR. This way the evidence can be clustered to 
show potential directions for future systematic reviews and to highlight the areas where 
more primary studies are needed (Kitchenham & Charters, 2007). 

According to the goal of an SMS, this thesis provides a structured and comprehensible 
overview of the contributions regarding the topic of alignment of RE and ST. That way 
it can be used by researchers and practitioners alike for finding relevant venues and 
publication, or finding contributions regarding certain aspects within the topic of 
alignment of RE and ST. These aspects include certain research types, contribution 
types, approaches and practices to support alignment, reported experiences, guidelines, 
and reported benefits and challenges.  

The structure of this thesis is as follows. The next chapter presents the background for 
this thesis together with related work. Chapter 3 presents the research questions and the 
research methodology in more detail together with detailed descriptions of how each 
step of this SMS was conducted. Threats to validity are presented towards the end of 
that chapter. Chapter 4 presents the data extracted out of the primary studies and the 

                                                 

1 http://ret.cs.lth.se/ 

http://ret.cs.lth.se/
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findings regarding the research questions. The following chapter, Chapter 5, is 
discussion where an overview of research questions and the findings are given, 
implications and limitations of this work is discussed, and potential avenues of future 
research are given. Finally, Chapter 6 gives concluding remarks. 
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2. Background and related work 

This chapter presents the background and related work of alignment of RE and ST. First 
the presentation of the background puts the concept of alignment in the right context 
and explains the importance of it. The related work section describes some important 
studies regarding the concept and shows that there is interest amongst industrial 
practitioners towards the topic. Lastly a few words are given about the previous 
mapping study. 

2.1 Background 

As the development of software becomes more complex this complexity can be made 
more manageable through separation of development activities into different phases 
(Madhavji, 1991). This separation of concerns into different phases has long been 
illustrated with the help of the waterfall model where the process flows from one phase 
into the next. The picture of the waterfall model of the software development lifecycle 
in Figure 1 shows the separation of activities into phases and shows the process flow. 
Different phases are connected to each other through feed-forward links, represented by 
the solid arrows, and feed-back links that connect one phase to the previous through the 
dashed arrows.  

 

Figure 1. The waterfall model of software development adapted from Royce (1970). 

The V-model of software engineering is an alternative view of the development process. 
(Pfleeger & Atlee, 2009). In the V-model the implementation, or coding as it is called 
by Pfleeger & Atlee, forms the point of the V. The analysis and design phases are on the 
left side and testing phases on the right side. In Figure 2, which shows the V-model, the 
design and testing phases are more fine grained. On the left side is program design that 
follows system design before coding and on the right side testing has been separated 
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into unit and implementation testing, system testing, and acceptance testing. Now that 
also testing is separated into different concerns it is possible to relate the analysis and 
design activities to respective testing activities. This is illustrated in Figure 2 by the 
dashed double ended arrows. This link between the analysis and design activities to 
testing activities is missing in the waterfall model of Figure 1. 

 

 

Figure 2. The V-model of software development, from Pfleeger & Atlee (2009). 

In the V-model the initial requirements analysis activities are related to acceptance 
testing that is done together with the customer to validate the requirements. System 
design is related to system testing where it is checked that the system has been built 
correctly. And on the lower level unit and integration testing verifies the program design 
and tests to see that the program works correctly. (Pfleeger & Atlee, 2009). These 
connections between the analysis and testing phases are connections on different levels 
of abstraction. All these testing activities are part of the broader process of software 
verification and validation (V&V) (Sommerville, 2011, p. 203). 

Verification is about inspecting whether a product satisfies the requirements. The 
product dos not have to be the final product, but it can also be an intermediate product 
that is an outcome of a certain phase of the development process. For example, the 
requirement specification as a product out of RE, that can be verified to conform to the 
initial requirements. In validation the final product is inspected from the customer 
viewpoint to establish whether the product meet the expectations of the users. 
Validation can, and should be done early in the development process to minimize the 
risk of building a product that does not meet the need of the users. (Naik & Tripathy, 
2008, p. 7-8). 
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The higher level connections, or high level testing, is the level at which alignment is 
sought after and it includes both acceptance testing and system testing. However, as will 
be seen through some studies, alignment sometimes include also lower levels. In this 
thesis the concept of alignment is referred to as alignment of RE and ST as in previous 
work by Unterkalmsteiner et al. (2014). Even though the connection between the left 
and right side of the V-model in Figure 2 seem to bring the phases closer together 
compared to the waterfall model of Figure 1, there still remains a problem; in large 
development projects the intra organizational distances can start to grow and affect 
communication (Bjarnason, Smolander, Engström & Runeson, 2015) and in modern 
development the different phases may even be executed in different organizations 
(Broy, et al. 2007). This makes the coordination between the phases even more 
important. 

Alignment of RE and ST is not applicable only in plan driven development but can also 
be applied in agile methods, as found by Unterkalmsteiner et al (2015), who applied the 
REST-bench framework (presented in the next section) in both agile and plan-driven 
development approaches. Many of the proposed solutions are based on test-driven 
development (e.g. Mugridge, 2008), test driven RE (e.g. Martin & Melnik, 2008), or 
prefer use cases or user stories over formal models (e.g. El-Attar & Miller, 2010; Martin 
& Melnik, 2008; Regnell, Runeson Wohlin, 2000). Many studies also highlight the 
importance of a closer collaboration with customers providing means to facilitate 
communication between stakeholders (e.g. Bâillon & Bouchez-Mongardé, 2010) as 
called for in the agile manifesto (Fowler & Highsmith (2001). However, the agile 
manifesto also emphasizes working software over comprehensive documentation, and 
this can be of concern since documentation is important for alignment of RE and ST as 
defined in the taxonomy of REST alignment by Unterkalmsteiner et al. (2014). 

2.2 Related work 

The transition from one phase to the next, as in the order of phases in the waterfall 
model, have gotten much attention in research compared to the research on alignment of 
RE and ST (Barmi et al. 2011; Unterkalmsteiner et al. 2014). The importance of the 
closer cooperation between RE and ST have still not gone completely unnoticed. 
Graham claimed in her opinion paper through several general misconceptions of the 
interplay of RE and testing that both disciplines could benefit from a stronger link 
between them but that link is often missing (Graham, 2002). The acknowledgement of 
the importance of a link between RE and ST in industry can be confirmed by several 
studies. Uusitalo et al. (2008) studied practices in industry and presented practices of 
involving testers in the RE phase for earlier error detection that would ultimately lead to 
better product quality and more satisfied customers. The authors presented benefits and 
challenges regarding the proposed practices and also identified that the most important 
function of the link between RE and ST was to ensure the flow of information (Uusitalo 
et al., 2008). The communication of information is also a central issue in recent studies 
by Bjarnason and Smolander et al. (2015) and Bjarnason & Sharp (2015) relating to the 
earlier mentioned intra organizational distances. Kukkanen et al. (2009) provided 
lessons learned from a case where requirements and testing processes were improved 
jointly and found the positive effects a set of good practices had on project and product 
quality. Challenges of alignment have also been studied by Sabaliauskaite et al. (2010), 
who identified a set of 33 different challenges relating to different issues of software 
development in a large software development company. More recent work regarding 
challenges was done by Bjarnason et al. (2014) in a multi-unit case study of six software 
companies through interviews. All in all, 16 challenges were repeatedly reported. Later 
Larsson & Borg (2014) studied the extent of the challenges identified by Bjarnason et 
al. in the public domain. 
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One important study in the field of RE and ST alignment is Taxonomy on Requirements 
Engineering and Test Alignment by Unterklamsteiner et al. (2014). Their study did a 
review of research regarding alignment of RE and ST, however, they pointed out that 
their intention was not to conduct a thorough systematic literature review. They built a 
taxonomy, the REST taxonomy, for the concept of alignment of RE and ST for 
researchers to have a common ground to build upon when conducting further research 
on the topic and to characterize means of REST alignment (RE + ST = REST). They 
also constructed the REST-bench framework that can be used for the evaluation of the 
state of alignment in a development project and for identifying opportunities for 
improvement. (Unterkalmsteiner et al. 2014) 

In their taxonomy Unterkalmsteiner et al. (2014) devised the concept of an information 
dyad consisting of a node of information in the RE phase and another one in the ST 
phase. These nodes are connected to one another through a link providing a medium or 
mechanism for information flow and transformation from one node to the other. 
Without this link there cannot be any alignment. The concept is illustrated in Figure 
3(a). The authors used their taxonomy for classifying alignment methods, which many 
times consisted of several nodes and several links. Figure 3(b) illustrates a dyad 
structure of a method that can have intermediate nodes, that is, nodes in phases between 
RE and ST, and also several links. Figure 3(c) shows an example of classification of 
alignment methods according to the complexity of the dyad structure of the methods. 

 

Figure 3. Anatomy of the REST taxonomy. (Unterkalmsteiner et al. 2014). 

The REST-bench framework uses this same taxonomy. Analysing the state of alignment 
or identifying opportunities for improvement starts by selecting representatives from 
both RE and ST units of a development team to get both representatives’ perspectives. 
This step is called Selection phase.  Information is gathered through interviews to get a 
good picture of the actual development process and not what is prescribed or 
recommended in the official process descriptions. In the second step, Map Creation, an 
artefact map that shows all relevant artefacts and their relationship to one another is 
created. This map is used in the third and final step of Analysis Workshop. In this 
workshop each representative is consulted regarding the map and each representative 
can confirm the map to conform with practice or modified and extended it if needed, the 
views of the different representatives are merged, and the analyst uses the dyad structure 
to elaborate on potential improvements. The authors also report on a case study where 
the REST-bench tried out. (Unterkalmsteiner et al. 2014). 

Later Unterkalmsteiner, Gorschek, Feldt, and Klotins, (2015) validated the REST-bench 
framework successfully in five different case studies. Through the case studies they 
found that the REST taxonomy was useful in identifying issues in coordination between 
RE and ST phases and succeeded in eliciting opportunities for improvement. 
Furthermore, they found that the REST-bench framework is effective in identifying 
gaps in coordination between RE and ST phases, is useful in both plan-driven and agile 



13 

context, and is likely to be less beneficial in small projects that require less 
coordination. (Unterkalmsteiner et al. 2015). 

The mapping study by Barmi et al. (2011) is a first attempt to map the research on 
alignment of RE and ST. In their mapping study Barmi et al. reported that the 
contributions of the research regarded mainly proposals of methods. These methods 
consisted mostly of model centric approaches where the highest focus was on model 
based testing (MBT). They further reported that only a few studies contributed with 
processes, guidelines and models, and even though there was some evaluation of 
proposals, they did not find any validation research and no experience reports. Thus, 
they called for more case studies and experience reports that could provide data for 
evaluation. A quick manual search in the beginning of this work seemed to confirm that 
this call has been answered to some extent. Barmi et al. did not report in detail about 
benefits and challenges. 
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3. Research Method 

The research method in this thesis is systematic mapping study. This chapter gives first 
an overview of a systematic mapping study and all its steps. After that a more detailed 
description of each step is given and a description of how they were carried out in this 
thesis. Finally, validity and reliability is discussed in the last sections of this chapter. 

3.1 Systematic mapping study process 

A systematic mapping study, like a systematic literature review, is a methodology that 
have been frequently used in medical research and can be used to aggregate software 
engineering research. All the published research of a certain topic is structured and 
categorized and the results are often visualized in the form of a map. The systematic 
mapping study gives a more coarse-grained overview of the field in comparison to a 
narrower and more specific literature review. (Petersen, Feldt, Mujtaba & Mattsson, 
2008). 

In an updated guideline for the conducting of systematic mapping studies, Petersen et al. 
proposes a mapping process consisting of three main steps: planning the mapping, 
conducting the mapping, and reporting the mapping. In the planning phase all decisions 
relevant to the conducting of the mapping study are made. These decisions regard the 
need for the mapping study, which has been elaborated on in the introduction and 
background sections of this thesis, the scope and research questions, the search phrase 
and search strategies, the inclusion and exclusion criteria for the studies, and it is 
decided how the screening process will be conducted. Finally, the data extraction is 
planned, i.e. what data to extract to answer the research questions, the topic-independent 
and topic-specific classifications, and how the results should be visualized. It is also 
important to consider validity threats in each and every step. The process as defined in 
the planning phase is implemented in the conducting phase. In this phase all 
accumulated information at each step should be recorded and it should also be noted 
that steps may require iteration to revise the planned steps. Lastly, the mapping study is 
reported. (Petersen et al. 2015). 

The systematic mapping study process described in Petersen et al. (2008), and that is 
presented in Figure 4, is used as the steps for this mapping study.  

 

Figure 4. Systematic mapping process from Petersen et al. (2008) 
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In this thesis the definition of research questions and scope started by inspecting an 
initial set of studies collected out of Barmi et al. (2011) and Unterkalmsteiner et al. 
(2014) together with a manual search. Next section presents this process. The definition 
of review scope helped in defining search phrases to be used in search. After search the 
whole set of search results were screened for the relevant studies with the help of 
inclusion and exclusion criteria. The next step, as in guidelines by Pertersen et al. 
(2008), is “Keywording using abstract” for the purpose of devising the classification 
schemes, however, as explained later, the use of abstract is not always enough, so the 
definition of the classification schemes involved also some deeper reading of the 
studies. The final step is data extraction and mapping in which data extraction was done 
on the whole set of primary studies. 

3.2 Objective and research questions 

As presented in the introduction, the goal of this thesis is to map all the studies 
pertaining the alignment of RE and ST. Thus the main research question is What is the 
currents state of research on alignment of RE and ST. Several sub questions help 
answering the main question. 

RQ1 – What is the intensity of research on the alignment of RE and ST? 

The intent in the first research question is to map the number of publications according 
to publication year and type of venues. This way possible trends in publications can be 
found. 

RQ2 – What are the foci of research regarding alignment of RE and ST and what is 
proposed to support alignment in the research? 

The second research question is about how alignment of RE and ST can be achieved 
and to find and classify all approaches and solutions presented in the primary studies. 
This is to give an overview of the primary studies for each focus area and highlight their 
contribution. 

RQ3 – In what context has alignment of RE and ST been applied and what effects in 
terms of benefits and challenges have been reported? 

This third research question aims at giving an overview of domains, reported benefits 
and challenges, and to categorise these according to the development process phases or 
other development related issues. 

RQ4 – What are the most frequently applied research types and research methods? 

In the fourth research question the aim is to study and present the number of different 
research types published each year and the research method used in them. This is for the 
purpose of seeing how the field has evolved and matured over time. 

RQ5 – What kind of contributions are provided by the studies relevant to alignment of 
RE and ST? 

The fifth research question focus on the contribution types of the studies. Here the 
purpose is to identify the most frequent contribution types and to help identify what has 
been researched to lesser extent. 

RQ6 – What are the potential research gaps and future research directions? 
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Finally, the sixth research question can be answered with the help of the results of the 
earlier research question. The earlier research question can help in identifying aspects of 
the field that have been researched to lesser extent. 

Section 3.5.1 Data properties elaborates on the data needed to answer these research 
questions. 

3.3 Search strategy 

Three different search techniques were used in this mapping study; database search, 
snowballing and manual search. Database search was decided as the first means of 
search and since the intent was to catch as many as possible of all relevant studies 
several databases were included. For the purpose of gaining confidence in that no 
relevant studies remains unfound, snowballing was also used. Later on it was deemed 
necessary to add thee third search technique, a manual search. Five different scientific 
databases were selected for the search of studies. All of the databases are commonly 
used in academy for search of scientific publications regarding software engineering. 
The three first databases of the following list are databases of scientific publications and 
the two last databases are indexing databases. The databases used are: 

 ACM digital library 

 IEEE Xplorer digital library 

 ScienceDirect 

 Scopus 

 Web of Science 

The search phrase of Barmi et al. (2011) was used as a starting point and it was changed 
and improved to better fit the purpose of this thesis (see Table 1). For example, it was 
decided to exclude the search phrase “non-functional requirement” from the search in 
this study since the keyword “requirement” was deemed to be sufficient. Other potential 
keywords to be used in search were gathered by inspecting the abstracts of the initial 
pool of 50 studies. The search phrase was tried out and the search results inspected to 
see how many of the studies in the initial pool could be covered by the search results. 
The search phrase was improved as needed. Figure 5 shows the process of database 
search. 

No percentage was set for the coverage. Instead it was inspected which keywords were 
missing in the titles or abstracts of the studies that did not turn up in search. Additional 
keywords were added to the search phrase, and search was tried again. Once the 
addition of a search phrase increased the total number of search results excessively, the 
recently added keyword was left out and it was decided to try to catch the missing 
studies through snowballing. In the end, the search could cover 38 of the 50 studies in 
the initial pool. 
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Figure 5. Refinement of search phrase in database search. Coverage refers to coverage 
studies of initial pool of studies. 

The final search phrase consisted of four categories. C1 (Category 1) was software, 
since the studies needed to be limited to studies relating software development. C2 was 
requirement as it was one of the development activities in alignment. C3 was testing 
which is the other activity in alignment. C4 was the category of the ‘alignment’ itself 
and several different keywords were used in this category. These keywords were, in the 
end, elicited not only out of the abstracts of the studies in the initial pool but also by 
inspecting whole studies and their ways of describing the relationship between 
requirements engienering and testing activities. The final search phrase was of form C1 
AND C2 AND C3 AND C4. Wildcards (*) were used to cover all possible variations of 
the used keywords. Table 1 presents the categories of the search categories and shows 
the search phrase used by Barmi et al (2011). In their study the search was used as (C1 
OR C5) AND C3 AND C4. 
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Table 1. The categories of the final search phrase and search phrase by Barmi et al. (2011). 

Categories of this mapping study Categories of mapping study by Barmi et al. (2011) 

Software (C1) NFR (C1) 

software "nonfunctional requirement" OR "nonfunctional 

requirements" OR "non functional requirement" OR "non 

functional requirements" OR "non functional software 

requirement" OR "non functional software requirements" 

OR "nonbehavioral requirement" OR "nonbehavioral 

requirements" OR "nonbehavioural requirement" OR 

"nonbehavioural requirements" OR "non behavioral 

requirement" OR "non behavioral requirements" OR "non 

behavioural requirement" OR "non behavioural 

requirements" OR "nonfunctional property" OR 

"nonfunctional properties" OR "non functional property" 

OR "non functional properties" OR "quality attribute" OR 

"quality attributes" OR "quality requirement" OR "quality 

requirements" OR "quality attribute requirement" OR "quality 
attribute requirements" 

Requirement (C2) Testing (C3) 

requirement "test" OR "testing" OR "verify" OR "verifying" OR 

"verification" OR "validate" OR "validating" OR 

"validation" 

Test (C3) Alignment (C4) 

(test* OR valid* OR verif*) "align" OR "aligning" OR "alignment" OR "trace" OR 

"tracing" OR "traceable" OR "traceability" OR "link" OR 

"linking" OR "bridge" 

Alignment (C4) Requirement (C5) 

(align* OR link* OR trac* OR bridg* 
OR gap OR coordinat* OR coverage) 

Requirement 

Category 4, ‘Alignment’, contains also the keywords trac*, gap, and coverage, which 
are not synonyms of alignment. Before the study by Unterkalmsteiner et al. (2014) there 
has not been any consensus of using the word ‘alignment’ to describe the attempts to 
bring RE and ST closer to each other. This was mentioned by Unterkalmsteiner et al. 
and also confirmed by inspecting the studies of the initial pool. The studies used 
different ways of describing the alignment attempts, e.g., some try to close the gap 
between RE and testing activities, some try to bring RE and ST closer by improving test 
coverage of requirements, and some through improving traceability between tests and 
requirements. 

Due to limitations for the search phrase on some of the databases the search had to be 
conducted differently in some of the databases. In ACM a normal search could be 
conducted. In Scopus and Web of Science the search was limited to computer science. 
In ScienceDirect the search was conducted through ‘Advanced search’ where ‘Abstract, 
title, keywords’ option was chosen for search. IEEE Xplorer limited a search to use only 
5 wildcards so C4 was divided into four different parts and use them separately with the 
three first categories of the keywords. The divided categories were named C4:n, where 
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n ranges from 1 to 4 and was used together with the other categories as C1 AND C2 
AND C3 AND C4:n. Table 2 presents the division of C4. 

Table 2. The division of category 4 of search phrase for use in IEEE Xplorer. 

C4:1 

(align* OR link*) 

C4:2 

(trac* OR bridg*) 

C4:3 

(gap OR coordinat*) 

C4:4 

(relation* OR coverage) 

One consequence of using a search phrase that would cover as many as possible of the 
studies in the initial pool was that the produced number of results would be very high. 
The search resulted in 7228 search result in all. Table 3 gives the number of search 
results of the different databases. The searches using the different databases were 
conducted on Dec 21. 2015, except for IEEE Xplorer on which the search was 
conducted on Dec 22. 2015. The search covered all publications up to date. 

Table 3. Number of search results for each database. 

Database Number of search results 

ACM 1842 

IEEE Xplorer 711 

Scopus 2693 

Science Direct 464 

Web of Science 1518 

Reference information the search results from different databases were exported to 
RefWorks. In RefWorks the results of the different databases were combined into one 
list which was then exported to Excel. This Excel sheet was then used in all of the 
following steps of this mapping study. Snowballing was conducted to catch missing 
studies of the initial pool and to catch possible additional studies, thus minimizing the 
risk of missing relevant studies. 

Snowballing is a search approach that can be used in systematic literature studies for 
finding additional studies. Wohlin (2014) presents a systematic way of conducting 
backward and forward snowballing. In backward snowballing first the title in the 
reference list is inspected and then where in the test it was referenced. That is iterated 
for all studies. After gathering possibly relevant studies the abstract of these studies are 
inspected and lastly the full text is reviewed. Forward snowballing is conducted in a 
similar way. First the title of the citing study is inspected, after which the abstract is 
inspected. The place of the citation in the study is inspected and lastly full text is 
reviewed. If new studies are found the steps are repeated until no new relevant studies 
are found. (Wohlin. 2014). 

Both backward and forward snowballing were conducted. The steps presented by 
Wohlin (2014) were adapted for use in this thesis. The last step of both backward and 
forward snowballing states that full text should be reviewed, however, since all the full 
texts would be reviewed in a later phase in the selection process, only parts of the texts 
were inspected after inspection of abstract if necessary. Mainly introduction and 
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conclusion parts of the texts were inspected. Backwards snowballing produced 15 
studies and forward snowballing produced 9 studies including the studies of the 12 
studies of the initial pool that could not be found through search. 

As a final step after search and snowballing, the pool of primary studies was expanded 
by adding studies through manual search of dedicated requirements engineering and 
testing workshops. This was suggested by an expert who was consulted regarding the 
list of primary studies since the workshops are dedicated for the topic. The expert, who 
defended his PhD-thesis2 Coordinating Requirements Engineering and Software Testing 
in 2015, has several years of experience in this field and he has also been in the 
organizing committee of all three RET workshops. It could soon be seen that the most 
of the studies presented in those workshops did not show up in any of previous search 
results so because of relevance, it was deemed justifiable to add studies from those two 
workshops manually. The manual search added 6 studies to the list of primary studies. 

All the reference information of all the results of snowballing and manual search were 
added to the Excel sheet that was used for all following steps. One row represented one 
study and all the pieces of information about the studies were in their own columns. 
Later this Excel sheet was used for data extraction. Since the complete data extraction 
table is too big to be presented on these pages a link to the complete data extraction 
table3 is provided in the footnote. 

3.4 Selection criteria 

Protocols for the inclusion and exclusion of studies are important in the selection 
process to be able to conduct the selection of studies in a systematic manner and also for 
the justification of why a study is included (Kitchenham & Charters 2007). The main 
criterion for inclusion concerned the concept of alignment. The initial pool of studies 
and especially the study by Unterkalmsteiner et al. (2014), in which the taxonomy for 
alignment is constructed, were studied to get a good understanding of the concept. The 
main inclusion criterion was defined based on this understanding and discussion with a 
peer and it was also later refined through expert validation by consulting the expert2 
mentioned in the previous section. 

Unterkalmsteiner et al. (2014) define the concept of alignment to mean “the adjustment 
of RE and ST efforts for coordinated functioning and optimized product development, a 
goal-directed concept”. That is, to improve the whole of the development process 
through the improvement of the collaboration of RE and ST. As depicted in the picture 
of the V-model in Figure 2, RE and ST should also be linked at the same level. This 
does not necessarily mean a direct link on high level, which is many times not 
achievable, but the high level horizontal link can be achieved through vertical linkage to 
lower levels. For this reason, does the inclusion criteria have to take into consideration 
all verification and validation activities, as defined in the background section in p. 10, 
and not just any specific testing activity. 

This mapping study includes only peer reviewed scientific studies that are written in 
English and that focus on development of software-intensive products, systems of 

                                                 

2 https://www.lmsteiner.com/thesis.html 

3 https://drive.google.com/open?id=0ByGxJxgmMc9PcTNMNGdhdFpzVnM 

https://www.lmsteiner.com/thesis.html
https://drive.google.com/open?id=0ByGxJxgmMc9PcTNMNGdhdFpzVnM
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services. With the concept clarified, the criteria for inclusion and exclusion of studies 
could be finalized. The criteria are presented in Table 4.  

Table 4. The inclusion and exclusion criteria. 

Inclusion criteria 

The study is a peer-reviewed study 

The study focuses on development of software-intensive products, systems or 
services 

The study includes any software development activity with the intention of 
alignment of requirements engineering with verification, validation or testing 

Exclusion criteria 

The study is not written in English 

The study is a short paper 

The study is not a peer-reviewed scientific study 

The study is not related to the software domain 

The study does not clearly discuss the alignment of requirements engineering 
and validation, verification or testing of software intensive products, systems 
or services 

3.5 Selection process 

The selection of studies was done in steps presented in the list below. These steps can 
also be found in Figure 6 that summarizes the whole inclusion and exclusion process for 
the studies together with the number of studies included or excluded in each step. 

1. Removal of duplicates 
2. Removal of non-English studies 
3. Removal of unrelated type 
4. Title screening 
5. Abstract screening 
6. Extended review 
7. Snowballing 
8. Manual addition of studies 
9. Full text review 

Since search was conducted on different databases, the complete list of search results 
included many duplicates. These were excluded in the first step resulting in 2088 
excluded studies of the full 7228 studies leaving 5140 studies for the next step. After all 
duplicates were removed all non-English studies, 18 studies, were excluded in the 
second step and studies of unrelated type, 200 studies, in step 3. Unrelated type includes 
search results such as cover pages of conferences, calls for papers, short papers and non-
peer reviewed studies. Excluding studies of unrelated type resulted in 4922 studies 
included for screening. The first step of screening, step 4 of inclusion/exclusion process, 
was title screening. The titles of remaining studies were inspected and resulted in 3005 
excluded studies. 1917 studies remained for abstract screening in step 5. 
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Figure 6. Inclusion and exclusion of studies. 

Abstract screening was first done on a random set of 192 studies by the student and a 
peer and the results were compared. The decisions regarding inclusion or exclusion of 
the studies were marked as “include”, “unsure” or “exclude”. The result of the pilot 
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showed that there were conflicts in regarding 25 studies of the 192 studies (13.0%). 
Differences in the results discussed in order to clear up misunderstandings and to reduce 
the threat to construct validity before a complete abstract screening was conducted by 
the student. During this step, additional 1757 studies could be excluded. This left only 
160 included studies. 

The inspection of the abstracts is not always enough to determine whether a study is 
relevant or not because the abstract might be misleading or it might miss important 
information (Petersen et al., 2008). That was true regarding some of the studies of this 
mapping study also and thus an extended review was done for uncertain cases. Extended 
review included inspection of introduction and conclusion parts of the study under 
inspection. In this step, step 6, 106 studies could be excluded leaving only 54 included 
studies.  

After the previous steps the snowballing, explained earlier, was conducted in step 7 
adding 24 studies to the pool and in step 8 manual search of dedicated workshops added 
six additional studies. At this point the list of primary studies contained 84 studies for 
full text review. Full text review, step 9, was also first piloted on a smaller sample of 
included studies by both the student and peer and later this step was done completely by 
both the student and the peer. This resulted in a primary study pool that now contained 
81 studies, however, access to one of the studies could not be obtained and that study 
was excluded in this last step resulting in 80 studies in the pool of primary studies. 

During each step the excel sheet containing all search results was expanded with new 
columns for each step of the selection process. With the help of these columns it was 
possible to track which study had been excluded in which step together with a possible 
argumentation. Also the information regarding studies that were added after database 
search was entered into the excel sheet. This information consisted of the phase where it 
had been added, if from snowballing then from what study, and the argumentation for 
inclusion. 

3.6 Data extraction 

In order to be able to answer the research questions, a data extraction protocol was 
devised for the extraction of relevant data with respect to the research questions. The 
protocol is important for being able to conduct also this phase in a systematic manner 
and making sure that the same information is extracted out of all studies (Kitchenham & 
Charters 2007). The following subections presents first the data properties and then the 
data extraction procedure.  

3.6.1 Data properties 

The data to be extracted were categorized as generic data properties, data regarding 
content, and methodological data. Table 5 summarises the extracted data properties and 
research question they relate to. A short description of properties and the related 
research questions are given in this subsection. A more detailed description of the data 
properties together with the complete data extraction protocol can be found in Appendix 
B. Data extraction protocol. 
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Table 5. Data properties. 

 Data property Research question(s) 

General data Publication year RQ1, RQ4 

Reference type RQ1 

Content data Research focus RQ2 

Benefits & challenges RQ3 

Application domain RQ3 

Methodological data Research type RQ4 

Contribution type RQ5 

Research method RQ4 

Generic data consist of publication year and reference type. This data was needed to 
answer the first research question regarding intensity of publications. This information 
was also needed to answer the fourth research question, the question regarding 
frequency of applied research types and research methods, together with methodological 
information. The methodological information constitutes of research type, i.e. whether it 
is evaluation research, validation research, solution proposal, philosophical 
argumentation, opinion paper or experience report and also information regarding 
research methods used in the studies. The study by Wieringa, Maiden, Mead & Rolland 
(2005) about the classification and evaluation of requirements engineering papers was 
used for the definitions of research types. 

The methodological information regarding contribution type was needed to answer the 
fifth research question. Different contribution types could be model, theory, 
framework/method/technique, guidelines, lessons learned, advice/implications, tool or 
metric. The contribution facet was adapted from Shaw (2003). 

Information regarding the content of the studies included research focus, reported 
benefits and challenges and application domain. This information was needed to answer 
the second research question, regarding proposed approaches, and third research 
questions, regarding domain in the studies and reported effects in form of benefits and 
challenges.  

RQ6, regarding gaps in current research and opportunities for future research, is omitted 
from Table 5 because the combined information of the previous research questions was 
used to answer this question. 

3.6.2 Data extraction procedure 

The first step after the data extraction protocol was devised, was to check the 
correctness of publication year and publication type of each study. Following that, the 
data extraction protocol was discussed with peer to reach an agreement regarding 
information needed to answer the research questions. When a common understanding 
had been reached, the data extraction was done on the full set of studies by both the 
student and the peer. The results of the extractions were compared showing 
discrepancies in 49 individual extraction items out of 257 data items (19.1%). 
Differences in result were discussed until a common understanding could be achieved. 
As mentioned earlier, in the end of section 3.3, the data extraction table can be found 
through the link in the footnote of that section. 
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The extracted research focus was used for the classification of the studies with respect 
to research topic. The classification was conducted by the student. In a first attempt the 
classification was done in a bottom-up approach with the help of the extracted foci of 
the studies. The result of the categorization was discussed with peer after which it was 
decided that a second attempt should be conducted in a top-down approach. In that 
approach the main categories were first derived out of gained knowledge of the main 
topic. After that the main categories were refined into smaller subcategories with the 
help of the extracted focus of the studies and each study could be classified. The maps 
of the classification are shown in Chapter 4.2.1 and Chapter 4.2.2 the chapter of results.  

3.7 Data analysis and interpretation 

This activity is also contained in the last box, Data extraction and mapping, of Figure 4 
of the mapping study process by Petersen et al (2008). This is the last part before 
moving on to the reporting phase of this mapping study, i.e., writing the report and 
communicating the results. The results are shown in the form of bar charts and line 
charts to report occurrences and frequencies of extracted data and to answer the research 
questions in a descriptive way together with text and tables whenever needed. A bubble 
plot is also a good way to visualize the frequencies to support analysis. The next 
chapter, chapter 4, presents the findings. Also a separate map was done regarding 
classification of research focus of the inspected studies. This way it could be visualized 
to what aspect of software development the research in studies relate to. 

3.8 Threats to validity 

This section discusses potential threats to validity. All identified possible threats are 
discussed, how they affect this study and the methods used to mitigate these threats. 
Threats to validity can be categorized into four concerns, construct validity, internal 
validity, external validity and conclusion validity (Wohlin et al. 2000). 

3.8.1 Construct validity 

In a mapping study, the construct validity concerns the degree to which the collected 
data represents the investigated phenomenon (Wohlin et al. 2000). That is, how well 
does the collected data relate to the concept or phenomenon, in this case alignment of 
RE and ST, that is supposed to be studied. In this study the main concern regarding 
construct validity is the question whether all relevant research has successfully been 
included and all non-relevant reports have been excluded. This issue is discussed in this 
subsection. 

First of all, to limit the search results to scientific studies, the databases used were 
chosen on the basis that they are databases of scientific publications or databases of the 
abstracts and reference information of scientific studies. It was further stated in the 
inclusion criteria that all studies should be peer reviewed studies. All short papers and 
technical reports were decided to be excluded. Barmi et al. (2011) limited their search to 
the last 10 years. Even though the concept of alignment between RE and ST is relatively 
new, it was deemed that there is a possibility that the topic has been discussed before 
2001 which was the limit for oldest publications in the previous mapping study. Due to 
that it was decided that all studies up to date of search will be considered. 

In the steps of title screening and abstract screening a conservative approach was taken 
and it was decided that studies that seemed even remotely relevant were to be included. 
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This would result in more work in the later steps, but it would prevent the accidental 
exclusion of relevant studies. Abstracts may contain misleading or incomplete 
information (Petersen et al. 2008), and thus the step of extended review was added 
between abstract screening and full text review into the exclusion/inclusion protocol. In 
the extended review the introduction and conclusion parts of the studies were inspected 
to sort out unclear cases from abstract screening. 

As it was known that all studies deemed relevant in the previous mapping study had not 
yet been found, snowballing was used to capture these studies. Both backward and 
forward snowballing were conducted to make sure all missing studies would be found. 

The construction of the inclusion criteria involved the definition of the concept of 
alignment. That was done with the help of the definition made by Unterkalmsteiner et 
al. (2014) and through reading the references of both Unterkalmsteiner et al. and Barmi 
et al. (2011). This is a very subjective process and even though the concept has been 
defined it is still subject to once own understanding of the concept. To minimize 
subjectivity, the definition and understanding was discussed with a peer and expert 
validation was used for issues left unclear. Expert validation was also used regarding the 
completeness of the full list of references and whether the expert2 could point to any 
relevant non-included studies.  

When moving to full text review it was important not to be biased by the previous 
mapping study. Due to that, it was decided that all relevant references from that study 
were to be inspected equally as careful as all other references. 

Despite all the measures taken above to minimize the risk of excluding or not finding 
relevant studies there is still a possibility that relevant studies have not been included. 
Some studies might be found through databases that are not included in the search of 
this study. However, the measures taken gives confidence in that the included studies 
gives a good representation of the population of all studies and that few additional 
studies would not affect the results considerably. 

3.8.2 Internal validity 

The concern in internal validity is about the relationship between treatment and outcome 
and the threats to the conclusions thereof (Wohlin et al. 2000). In this mapping study, 
internal validity relates to data extraction and the analysis of the data, i.e., is the data 
that is extracted subject to bias. 

The data extraction protocol was design with respect to the research questions. It was 
carefully thought what information is relevant to answer the questions. To minimize 
threats to data extraction, the data extraction protocol was discussed with a peer. The 
data extraction was also done by both the student and a peer, and in addition, as 
suggested by Petersen et al. (2008), data extraction was not conducted using only the 
abstracts. Any differences in the result of the extraction between the student and the 
peer were resolved through discussion and argumentation. 

Reviewing more than the abstract was even more important when considering the 
classification of research topics. This classification was done both in a bottom-up and 
top-down fashion, as presented earlier, and the results were compared. This way there is 
greater confidence in that the classification of research focus is making sense and 
preventing being biased by the classification made by Barmi et al. (2011). The results 
were discussed with a peer. As this classification involves reading and understanding, 
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this too is a subjective process, and even though the results were discussed with a peer, 
a different group of researchers might still end up with a picture looking differently. 

Quality assessment is important in systematic literature reviews for determining the 
rigor and relevance of the primary studies. A mapping study aims at giving an overview 
of a research area and at identifying trends, topics and gaps in research and thus quality 
assessment is not needed in a mapping study. (Petersen et al. 2015). 

A quality assessment of the primary studies is missing in this paper and that has been 
taken into consideration in section 5.4 Limitaions. 

3.8.3 External validity 

External validity concerns the generalizability of the findings (Wohlin et al. 2000). The 
aim of this mapping study is not to generalize the results outside the context of software 
development or alignment of RE and ST, thus threats to external validity are not 
applicable in this mapping study. 

3.8.4 Conclusion validity 

Conclusion validity concerns the repeatability of the study, i.e., to what extent the data 
and the analysis is dependent on the researcher (Wohlin et al. 2000). The question is 
whether another researcher can reach the same conclusion. 

The first part of this study, the search, could be deemed as highly repeatable due to the 
protocol and strict realization. Using the same databases for search and the same search 
phrase, that are both presented earlier, should give the same set of result if the search is 
limited to the time of search for this study. The number of the search results might be a 
little bit higher on each database due to that search can usually be limited only to a full 
year. A few studies might have been published between the time of search in this thesis 
and the end of the year. The only threat regarding repeatability of search comes from 
possible changes in the databases. 

Inclusion and exclusion might be a little less repeatable than the search for studies. The 
first steps in exclusion of studies involved excluding duplicates, non-English studies, 
calls for papers, cover pages, non-software related studies and so on. This should be 
highly repeatable. Later steps, that involve more reading of the studies, might be less 
reliable. Reliability in these steps is increased by the definition given by 
Unterkalmsteiner et al. (2014), but the understanding of the concept might still be 
subjective to some degree. Subjectivity is more of a concern when reading studies and 
making a decision about inclusion. 

Reliability regarding data extraction is increased with the use of a protocol. Some items 
of the protocol might be harder to extract due to the quality of the reports in some cases 
and thus might need some level of interpretation. Each step of data extraction has been 
conducted by both the student and a peer, all issues has been discussed, and differences 
of results at any step has been resolved. This mitigates subjectivity. 

The picture drawn in the classification of research topics might look very differently 
done by another researcher. There is no absolute way of making this kind of 
classification. Another researcher might for example take a different approach and do 
the classification from a different perspective to elicit some other aspect of the 
published studies. 
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4. Findings 

This chapter presents the findings out of the conducted data extractions. Findings are 
presented as answers to the research question which are answered in a descriptive way 
using tables, charts, and text where appropriate. A bubble plot is used to visualize and 
summarize the findings regarding RQ2, partly RQ4, and RQ5 to finally answer RQ6. 
All the primary studies where coded as S1 (Study 1), S2 (Study 2) and so on and those 
codes are used in this section of this thesis. S1 – S48 are previously known studies of 
the initial pool, S49 – S66 are studies that ware found through database search, S67 – 
S74 are studies found through snowballing, and S75 – S80 are studies added after 
manual search. The complete list of study codes and reference information are presented 
in Appendix A. Full list of primary studies. The following sections answer the research 
question in order from RQ1 to RQ6. 

4.1 RQ 1. What is the intensity of research on alignment of RE and 
ST? 

The total number of identified publications regarding alignment of RE and ST is 80 
publications. The earliest publication dates back as far as 1998 with only 5 studies 
published during the following 6 years. The number rises considerably in 2005 to 7 
published studies. Since then studies have been published on an average of 7 
publications per year (67/10) with a slight decline during the years 2011 – 2013, right at 
the time of and after the publication of the mapping study by Barmi et al. (2011), and 
with a considerable increase again in 2014. The trend of publications can be seen in 
Figure 7. 

 

Figure 7. Distribution of the number of publications over time. 
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If the number of publications were to be inspected in 5 year periods, the increase in 
publications after 2005 can be seen clearly. During the period of 2001 – 2005 the 
number of published studies is 11 going up to 37 published studies during the period 
2006 – 2010. Although the decrease in publications after 2010 might seem drastic in 
Figure 7, the decrease is only slight counting all publications from 2011 to 2015 going 
from 37 publications to 30 publications. The number of publications in 5 year periods 
can be seen in Figure 8. 

 

Figure 8. Number of publication in 5 year periods. 

Most of the research has been published in conferences or workshops. Considering the 
total number of publications (80), research published in conferences and workshops 
represent 72.5% (58/80) of all published research. The numbers of studies published in 
different venues can be seen in the bar chart of Figure 9. 

 

Figure 9. Number of publication in different venues. 

The number of studies published in journals/magazines is 22. That represents 27.5% of 
all publications. Considering only studies published after 2010, the number of journal or 



30 

magazine publications is 9, which is 30% of the total number of 30 publications from 
that time period. As the percentages tells there has been a slight increase in the relative 
number of journal and magazine publications after the work of Barmi et al. (2011). This 
increase of yearly journal or magazine publications can also be seen in the line graphs 
of Figure 10. In the same figure can also be seen the recent slight decrease in the 
number of research published in conferences. 

 

Figure 10. Distribution of the number of publication in different venues over time 

There has been a steady rate of publications in journals or magazines since 2005 which 
reaches the highest number in 2015. The number of conference proceedings have peaks 
in 2006 and 2010, after that there has been a clear decrease in conference proceedings. 
The number of studies published in workshops are very low all together, but increases 
drastically in 2014. This is the year of the first dedicated workshop on RE and ST 
alignment as mentioned earlier. 

Studying the different venues where studies of alignment of RE and ST have been 
published shows that the 22 journal or magazine publications have been published in 14 
different venues. The 44 conference proceedings have been published in 36 different 
conferences and the 14 workshop publications comes out of 6 different workshops. The 
highest ranking journal/magazine, conference and workshop are listed in Table 6 
together with respective number of publications. 
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Table 6. Highest ranking venues of RE and ST alignment publications. 

Venue Name Number of 
publications 

Journal/Magazine IEEE Software 3 

Conference International Conference on Software Engineering 3 

Workshop International Workshop on Requirements Engineering and Testing 8 

From the number of journal or magazine publications compared to the high number 
different venues, and also the number of conference proceedings compared to the high 
number of different conferences, it can be said that the studies are very scattered around 
in different venues. As such, this thesis is first to gather and present all the different 
publications in a collected fashion. The number of studies published in the International 
Workshop on Requirements Engineering and Testing (RET Workshop) is very high 
compared to the other highest rating venues. That is because the workshop is the first 
workshop dedicated for the topic. The RET workshop might be a good place to look for 
future studies regarding alignment of RE and ST. 

All in all, the total number of publications peaks out twice, once in 2010 and once in 
2014. The highest intensity of publications occurs in the time period of 2006 to 2010, 
with a slight decrease after that, but an increase in better quality reports mature enough 
to be published in journals or magazines which is an indication of maturation of the 
field. It can also be said that there is an interest towards the topic since, although the 
total number of publications has decreased slightly in the recent year, there is a 
dedicated workshop for the topic. As of now this thesis and the dedicated workshop are 
the best places to find studies relevant to the topic. 

4.2 RQ 2. What are the foci of research regarding alignment of RE 
and ST and what is proposed to support alignment in the 
research? 

To answer this question, the 80 studies were first classified on a higher level according 
to the topics of the studies. After all the studies had been inspected it was possible to 
divide the studies in different groups. As many studies had similarities and many of the 
studies could be put in a single group, that group was further divided into three high-
level groups according to what phase of development the studies focus most on, RE or 
ST or both, and a low-level classification according to how the studies support 
alignment. Thus the studies have been classified in two levels. The classifications on 
different levels are presented in the following two sub section. 

4.2.1 Focus of research, high-level classification 

In the high level classification, the main focus of research in the studies have been 
extracted. It could be clearly seen that most of the studies were more technical in nature, 
presenting detailed descriptions of approaches to improve alignment of RE and ST. 
These approaches consisted mainly of frameworks, methods or techniques. Some of the 
studies focus on presenting both challenges and good practices. For this reason, both 
challenges and practices are in the same group and contains also studies focusing on 
only challenges (and/or benefits) or only practices. These practices are descriptions of 
ways in which professionals work within the development project and are thus different 
from the technical approaches presenting different techniques that can be used in the 
development process. Only a few studies remained ungrouped after the first two groups 
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and although it could have been possible to put the remaining studies in one group, it 
was decided to put them into two groups. Two studies of the remaining three focused on 
assessing alignment efforts and one contributed with a theory of distance. They are very 
different in this sense, and thus it was decided that two groups were needed, even 
though on group contain only one study. Figure 11. shows the map of this high level 
classification with the respective number of studies in each group.  

 

Figure 11. The focus of the literature on RE and ST alignment. 

Most of the studies, 84% (67/80) are more technical in nature and presents descriptions 
of frameworks, methods or techniques to support alignment. That is, they deal with the 
problem of how to bring these two ends of the development process closer to each other 
through different techniques to use in the development process. 12.5% (10/80) focus on 
challenges and practices to support alignment. Even though all these 10 studies are 
grouped together, not all of them presents practices to support alignment. Only 4 of 
these 10 studies presents practices (S3, S4, S34, S54). The remaining 6 focus more on 
challenges and contributes thus through bringing these challenges to the attention of 
practitioners and researchers (S19, S35, S50, S63, S68, S72). 2 studies (S1, S51) focus 
on the assessment of alignment, of which S1 also contributed with a taxonomy for 
REST alignment, and one study (S2) focus mainly on theory construction, although this 
study presents also practices to support alignment. Table 7 gives a list that shows which 
study belongs in which group. 
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Table 7. Classification of literature based on topic. 

Topic # Studies Description of group 

Challenges and 
Practices to Support 
Alignment 

10 S3, S4, S19, S34, S35, 
S50, S54, S63, S68, S72 

These studies investigate challenges 
regarding alignment of RE and ST, 
and some of them propose good 
practices 

Assessment of 
Alignment 

2 S1, S51 The first study of this group studies 
the phenomenon of RE and ST 
alignment and derives a framework to 
assess alignment, whilst the second 
study puts the framework to use in 
practice 

Theory 1 S2 This study investigates the effect of 
RE communication to other 
development phases and aggregates a 
theory regarding communication 
distance 

Technical Approaches 
to Support alignment 

66 S5 – S18, S20 – S33, 
S36 – S49, S52, S53, 
S55 – S62, S64 – S67, 
S69 – S71, S73 – S80 

These studies are more technical in 
nature and proposes different 
approaches for aligning RE and ST 

As can be seen from Figure 11, the studies that presents more technical approaches, i.e., 
frameworks, methods or techniques to support alignment are further divided into three 
groups. They are grouped according to what area of the development process the 
presented approach mostly focuses on. Although all of the proposed approaches take 
into account both RE and ST, since the aim is to align these two activities of the 
development process, it could still be seen that other approaches focus more on the RE 
end of the development process and others focus more on the ST end. A study might for 
example propose a technique for test case generation based on the requirements. The 
formalization of the requirements might be an important step of this technique, and for 
that reason the study might focus more on the description of how to do this 
formalization. Thus, although the purpose is to propose an approach to improve testing, 
it is the RE activity that is described in close detail, and it is therefore classified as an 
approach to support alignment with most focus on RE. 

In this respect the studies where divided into groups of approaches which focus mostly 
on RE, mostly on ST, or studies that focus both on RE and ST more or less equally. 
Some of the approaches presented in the studies do take into account the whole 
development process, and some also focus on the design phase, but these middle phases 
between RE and ST were omitted in this classification since RE and ST is of interest. 
The distribution between these groups are 28% (19/67) with more focus on the RE 
activities, 30% (20/67) with more focus on the ST activities, and 42% (28/67) have 
focused more or less equally on both RE and ST. Table 8 shows which study belong to 
which group according to the division described above. 
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Table 8. Division of studies proposing approaches based on impact. 

Impact on  # Studies Description of group 

RE 19 S12, S16, S28, S30 – S33, S36 – S40, 
S45, S48, S55, S60, S77 – S79 

Studies that proposes approaches 
to support alignment, that have the 
most impact on RE activities 

Both RE & ST 28 S7 – S9, S13, S15, S18, S20, S23, 
S24, S27, S29, S43, S44, S46, S47, 
S52, S56, S58, S61, S62, S64, S65, 
S69 – S71, S73, S76, S80 

Studies that proposes approaches 
to support alignment, that have 
equal impact on the RE and ST 
activities. 

ST 20 S5, S6, S10, S11, S14, S17, S21, S22, 
S25, S26, S41, S42, S49, S53, S57, 
S59, S66, S67, S74, S75 

Studies that proposes approaches 
to support alignment, that have the 
most impact on ST activities 

There are plentiful of more technical description of different techniques to support 
alignment. The next biggest group, challenges and practices to support alignment, is 
considerably much smaller and even most of those studies focus only on challenges. 
Practices to support alignment have not yet been researched extensively. The fact that 
there are two studies focusing on the assessment of alignment suggests that the concept 
is well understood but at the same time the results indicates that more research is needed 
in practical settings. 

4.2.2 How alignment is supported, low-level classification 

As presented in the previous sub section, 84% of the 80 studies focus on presenting 
approaches to support alignment that are more technical in nature. These approaches 
present frameworks, methods or techniques that can be applied in the development 
process. Some deal with the whole development process and some just parts of it or they 
propose to use a certain tool. Instead of naming the proposed approaches, as e.g. model-
based development or test-driven development, this classification focus on how the 
studies support alignment. However, this lower level classification is not just a division 
of the high-level technical approach group into sub-categories. 

The studies were grouped into eight different groups in such a way that they can answer 
the question of how alignment is supported in the presented study. For example, one 
group of studies focus on improving traceability, thus these studies support alignment 
through improved traceability. Another group is named test generation from 
requirements specification. These studies present technical descriptions of how to 
enable alignment through test generation from requirements specification. The groups 
are; V&V in RE, test generation from requirements specification, improved traceability, 
improved testing, formalization of the requirements, practices to support alignment, and 
assessment of alignment. The practices and assessment groups were not part of the 
technical group in high-level classification but were individual groups. This studies can, 
however, also answer the question of how is alignment supported and therefor they are 
included also in this low-level classification. The studies focusing on challenges only 
are not in this low-level classification. There is also a group called other approaches that 
presents approaches that could not be fitted into any of the other groups. All these 
groups are presented in more detail in the coming sub parts. Table 9 shows all these 
groups described in the previous paragraph.  
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Table 9. Groups and studies of low-level classification. 

Group Description # The studies 

V&V in RE These studies support alignment by presenting 
techniques or approaches that focus more on 
verification and validation of requirement in the 
early phases of the development process 

12 S5, S12, S27, S28, 
S31, S36, S37, S42, 
S43, S60, S78, S79 

Test generation 
from 
requirements 
specification 

These studies support alignment by presenting 
techniques approaches that focus on the 
generation of tests, test models, or test cases 
from the requirements specification. 

25 S6, S8, S11, S17, 
S18, S22, S24 – S26, 
S33, S38, S41, S44, 
S49, S53, S56, S61, 
S62, S66, S67, S70, 
S71, S73 – S75 

Improved 
traceability 

These studies support alignment through 
techniques or approaches to improve traceability 
between tests and requirements or traceability 
between models on different abstraction level 

12 S7, S9, S13, S15, 
S23, S46, S47, S52, 
S57, S58, S64, S76 

Improved testing These studies support alignment by presenting 
ways of improving testing but they do not 
address test generation 

3 S14, S65, S69 

Formalization of 
the requirements 

These studies support alignment by presenting 
techniques or approaches for the formalization 
of the requirements, which can then facilitate 
generation of tests 

10 S10, S16, S30, S32, 
S39, S40, S45, S48, 
S55, S59 

Practices to 
support alignment 

These studies support alignment by presenting 
practices that can be used in the development 
process 

4 S3, S4, S34, S54 

Assessment of 
alignment 

These studies support alignment by presenting 
frameworks for the assessment of alignment 
efforts in practice 

2 S1, S51 

Other approaches This group contains studies that support 
alignment through other approaches that could 
not be included in any of the other groups 

5 S20, S21, S29, S77, 
S80 

The following parts gives a description of each group in the classification together with 
overviews of the studies belonging to each group. A short description is given of each 
article, i.e. how do the studies support alignment, and also the findings of the studies are 
elaborated on. A summary is given after the presentation of the groups and the studies 
thereof. 

V&V in RE 

As Graham (2002) recommends, and Martin & Melnik (2008) agree, testing activities 
should be performed as soon as there is something to test. Even without any knowledge 
of the implementation. Early checking of the requirements models can also help finding 
faults that would be very costly to fix if they were discovered at a much later testing 
stage (Zhou, Lu & Lundqvist, 2014). This group contains 12 studies (S5, S12, S27, S28, 
S31, S36, S37, S42, S43, S60, S78, S79) that focus on verification and validation 
activities in the RE phase. 

Leaving the V&V activities of requirements to the end of the RE phase can lead to bad 
quality of requirements. The late V&V activities have to consider the whole set of 
requirements instead of single requirements and since the V&V activity is done 
separately after a time, stakeholders may need to revisit the requirements to recollect on 
their context and rationale. Thus, Lobo & Arthur (2005) advocates doing V&V early in 
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the RE life cycle in S28. They propose a two phase approach for early V&V for a more 
cost-effective and quality focused requirements generation process. In the first phase, 
local analysis, a smaller set of requirements corresponding to distinct functions are 
checked for quality. In the second, global phase, the requirements are analysed from 
business perspective and any inconsistencies among requirements are resolved. In this 
way the errors in requirements are identified and corrected at earliest possible time and 
makes the verification process more effective. (Lobo & Arthur, 2005). 

Also Martin & Melnik (2008) emphasize the importance of writing acceptance test early 
in RE in their opinion paper (S43). The authors go as far as claiming that when 
formality increases, tests and requirements becomes indistinguishable, and at the limit 
they become equivalent. Martin & Melnik call this the equivalence hypothesis. In their 
study the authors propose to use a framework called Fit (Framework for integrated 
testing) and FitNesse tool in which requirements are written as tests. Although this 
study could also be classified as test generation based on requirements, the authors use 
Fitness early in the RE process to define the requirements. The formalization of 
requirements is an important aspect in nearly all of the studies of this mapping study. In 
S5, Miller & Strooper (2012) present a framework that uses the concept of a test graph 
that work as a formal specification of the requirements. The graph is used for testing of 
specification and later it is extended to verify that implementation conform to 
requirements. The authors found their framework to be similar in cost-effectiveness 
compared to BZ-Testing-Tools model, but saving half of cost of manual testing. Fault 
finding was also found to be effective (mutant score 95%) and could be still improved, 
however, possibly decreasing the cost-effectiveness (Miller & Strooper, 2012). Hois et 
al. (2014) work with domain-specific modelling languages (DSML) in S60. They 
specify requirements via natural-language (NL) scenarios to test the DSML core 
language. The authors report that their proposed solution improves validation and 
traceability of requirements, helps the definition of conflict-free and singular 
requirements, and lessen ambiguity of requirements (Miller an Strooper, 2012). Post et 
al. (2009) show in S27 through a case study that requirements management can benefit 
by introducing software verification into RE. In their approach requirements are 
specified as scenarios which are verified using a bounded mode checker and are then 
used for checking implementation code. In S37 Arnold et al. (2010) work with the user 
requirements notation language (URN). The requirements of the stake holders are in the 
URN. In their work the authors propose modifications to URN to better support 
traceability and execution of test cases in model-based testing (MBT) (Arnold et al. 
2010). 

Modern computer based systems become increasingly complex and models are a 
necessity to deal with this complexity (Riebisch & Hubner, 2005). Boulanger et al. 
(2008) addresses this issue by facilitating validation and traceability of requirements 
with a model-based methodology in which requirements are represented as models on 
each level of the V-model and verification and validation is also done at each level. The 
author also proposes tool support for each level. The model driven paradigm is also 
followed in Aoki & Matsuura (2014) in S79 for the verification of security requirements 
using the Unified Modeling Language (UML) The proposed solution helps verify that 
UML-based requirements analysis models meets the security requirements early on in 
the development process. Zhou et al. (2014) also address requirements validation in 
MBT in S78. In their approach the authors use timed abstract state machine (TASM) 
language for modelling of requirements for embedded real-time systems (ERTS). The 
authors propose an events monitoring language (EvML) for observer specification that 
can be used for the validation of both functional and non-functional requirements 
(NFR). Others also take NFRs into account, which Barmi et al. (2011) found to have 
been researched to lesser extent. In S12 Sabetta et al. (2005) help bridge the large 
semantic gap between the software domain and the performance/reliability domain by 
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proposing an “abstraction-raising” transformation using UML for model analysis. Here 
both source and target models are different and on different abstraction levels. Metsä et 
al. (2007) targets to reduce the amount of error correction and redesign in later phases of 
the development process through an approach that lends from aspect-oriented design 
(AOSD) in S42. Aspects, or test concerns, can be used to capture concerns that are 
scattered around the system for the derivation of test objectives for NFR. Both 
functional and non-functional requirements are addressed in a study (S31) by Arnold et 
al. (2010). The authors propose to use a framework implemented in Validation 
Framework (VF) tool for the validation of a Testable Requirements Model (TRM) 
without the need of glue code to bridge from requirements to the implementation under 
test (IUT) or augment the TRM with implementation-specific information. 

Test generation form requirements specification 

This group contains the biggest number of studies, 25 studies (S6, S8, S11, S17, S18, 
S22, S24 – S26, S33, S38, S41, S44, S49, S53, S56, S61, S62, S66, S67, S70, S71, S73 
– S75). All these studies focus on the generation of test models or test cases or even 
implementation test from the requirements. Some studies start form informal 
requirements and shows the process of formalizing these requirements to more formal 
specifications, while other assume that the requirements have been formalized already. 

As in many cases the requirements are formalized as models, so are many approaches 
for test generation model-driven. MBT is a technique that can shorten the time required 
for testing by providing automation of test case generation from behavioural models of 
the system (Abbors et al. 2009). A model-driven testing approach is presented in S66 by 
Granda et al. (2014) in which abstract test cases are automatically derived from 
requirement models. This way developers and testers can use the same artefacts and 
reduce the cost of the testing process (Granda et al. 2014). Felderer et al. (2010) 
presents a model driven tool-based methodology for integration of test-driven 
development application with model-based testing techniques for the testing of service-
oriented systems in S11. The presented approach guarantees high-quality system and 
tests models and provides full traceability between requirements, the system and test 
models, and the executable services (Felderer er al. 2010). S75 by Sarmiento et al. 
(2014) also presents tool support. Their tool, C&L (Cenários e Léxicos, eng. Scenarios 
and Lexicons), addresses the quality of the product in initial stages of software 
production contributing to reduced failures and maintenance cost by generating model-
based test cases from NL requirements through UML activity diagrams represented as 
directed graphs (Sarmiento et al. 2014). A methodology for the generation of model-
based test cases from NL requirements is also presented in S25 by de Santiago & 
Vijaykumar (2012). In an attempt to bridge the gap between formal methods and NL 
requirement deliverables the authors present the SOLIMVA methodology that 
transforms NL requirements into state chart models and the tool, GTSC (Geração 
Automática de Casos de Teste Baseada em Statecharts, Automated Test Case 
Generation Based on Statecharts) is used to generate test cases and finally the 
methodology uses combinatorial design to identify scenarios for system and acceptance 
testing. The authors state that the methodology has potential to be accepted in complex 
software projects due to ease of use and the support of a formal method (de Santiago & 
Vijaykumar, 2012). 

Pfaller et al. (2006) presents an approach for the integration of model-based design with 
the testing process for embedded systems where test cases are derived along different 
level of abstraction in S33 and thus maintains the link from test cases to corresponding 
requirements. Conrad & Sadeghipour (2005) presents a systematic model-based testing 
solution in S41, MB

3
T, for testing of embedded automotive software where abstract 
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requirements-based tests and implementation-oriented model-based tests give two 
perspectives on the testable object and allow for a consistency check. The approach has 
been successfully employed in automotive embedded software projects (Conrad & 
Sadeghipour, 2005). Wedland et al. (2011) tackle the challenge of translating 
requirements to models in MBT in S62. In the methodology behaviour trees are used for 
the formalization and validation of requirements into requirements behaviour trees 
(RBTs) that are then integrate and augmented to ultimately produce a testable behaviour 
tree (TBT). The authors state this helps the early detection of missing behaviour and 
that the most promising advantage is the elicitation of test requirements from a tester’s 
viewpoint. 

Use cases are often used to deal with ambiguities of natural language requirements 
(Nebut et al. 2006) and thus approaches for test case (TC) generation based on use cases 
(UC) has also been proposed. Nebut et al. proposes in S8 an UC driven two phase 
approach. UCs are extended with contracts, i.e., pre and post conditions, and written in 
requirement-level logical expressions. In the second phase test scenarios are 
automatically generated from test objectives. This approach was used for testing of 
product families and achieved good results, since all the code that could be covered was 
covered. In a later study the same approach was evaluated in three case studies and in a 
field experiment and achieved satisfactory coverage taking into account the small size 
of the generated test sets (Nebut et al, S18). El-Attar & Miller (2010) propose an 
approach in S22 which is supported by UCAT (Use Case Acceptance Tester) tool for 
the automatic generation of high-level acceptance tests (HLATs) and executable 
acceptance tests (EATs) from UC models. The HLATs can be quickly developed and 
can be used by the customer for high-level validation of the requirements (El-Attar & 
Miller, 2010). S74 by Roubtsov & Heck (2006) presents lessons learned from a large-
scale industrial setting where acceptance tests are derived from UCs for site acceptance 
testing. The authors found that the proposed three level (test scenario – test script – test 
case) UC method is a feasible solution. Méndez et al. (2008) improves software test 
strategy in S26 with a method to specify TCs from UCs. They use the 4 steps provided 
by an earlier study that describe what is to be done to move from UCs to TCs and 
extends them with descriptions of how to do it. A high level (90%) of expected quality 
could be achieved already at the completion of the construction phase and the method 
can also be used to TC procedures for NFRs (Méndez et al. 2008). Regnell & Runeson 
(2000) explore ways for integration of UC modelling and usage-based testing in S73. 
The authors found two approaches, either through transformation or extension of the 
UCs, that can be feasible but calls for further research to assess the approaches. Cunha 
& Song (2014) try to reduce cost and effort of testing by introducing an environment for 
automatic test generation from UCs in S67. The authors found their proposed solution 
to be feasible for tightening the link between system specification and tests. A DSL is 
used for the description of UCs in BNF grammar (Backus – Naur Form). The 
environment, based on the open-source framework Xtext, validates the text according to 
the supplied grammar and TC scenarios are generated with TestGen tool. Test scripts 
are generated with Java and their execution begins using JUnit. Results are stored in 
TestLink. 

Cost effectives of testing was also improved by Venkatesh et al. (2015) in S56 by 
presenting a method for TC generation that uses an easy-to-use formal notation to 
specify requirements, a scalable test-algorithm, and a coverage criterion that maps to 
requirements. The method achieved 30% - 60% effort savings and better coverage than 
random test case generation in three industry-size applications and in addition then 
method succeeded in finding a bug in a post-production subsystem and three missing 
requirements in another (Venkatesh et al. 2015). The method was later extended by the 
same authors in S71 by introducing a different algorithm to tackle scalability issues 
found in the previous method. Once again the method achieved up to 60% effort savings 
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of testing compared to a manual method and the new improved method achieved better 
coverage than the previous (Venkatesh et al. 2015) Güldali et al. (2010) present an 
approach of test plan generation from clustered informal requirements in order to reduce 
the total number of test cases in S61and showed that linguistic analysis and clustering 
can help testers understand the relations between requirements and improving test 
planning. The same approach was later used by Güldali et al. (2011) in S44 with the tool 
support deployed as an open-source Eclipse plug-in, TORC, and thus succeeded to 
reduce manual activities and save time and effort. 

In goal-oriented development goals drive the development process, however, goals are 
mostly used to understand the domain and organizational setting of the studied system 
and testing is often omitted (Ngyen, Perini & Tonella, 2007). Ngyen at al. (2007) 
explores the use of a goal-oriented methodology in S6, in which test cases are derived 
out of systematic goal-analysis in the Tropos development process. The created test 
suites can be used both for refinement of goal analysis and test whether the goals have 
been achieved (Ngyen et al. 2007). Hassan et al. (2010) work with security requirements 
in S24 and aims at automating the process of transitioning from requirements to 
specification and design while creating acceptance tests. For this purpose, the authors 
use both a semi-formal goal-oriented approach and formal techniques and demonstrated 
the ability to produce assured software security in a cost-effective manner (Hassan et al. 
2010). 

Two studies name their approach as abstract testing, although they define abstract 
testing differently. In S53 Merz et al. (2015) consider abstract testing as verification 
scenarios on the source code level which are derived from the requirements. The authors 
combine bounded model checking with requirements analysis, through which the 
authors claim fewer TCs are needed and that the TCs are closer to the requirements. The 
number of test cases was smaller than in traditional testing, the complexity of test cases 
was reduced to a minimum, and the results showed that abstract testing is comparable in 
effectiveness compared to traditional testing (Merz et al.2015). Then again, in S17 
Flammini et al. (2009) define abstract testing as an approach where abstract 
specification is written without any reference to any specific system installation in the 
context of large critical control systems, and a mechanism is used to automatically 
detect the configuration of the system and instantiate the TCs to be physically executed 
on the system under verification from the abstract test suites. The approach has been 
applied on a railway interlocking installation and testers could verify that the approach 
proved to be both effective, in terms of detecting configuration-related errors, and 
efficient in terms of reduced time and effort compared to traditional approaches 
(Flammini et al. 2009). 

Other approaches for test generation includes S49 by Wilkinson et al. (2014) who focus 
on safety critical systems. The authors pair Event-B with STPA (system-theoretic 
process analysis) to facilitate the discovery of important safety requirements and to 
model the requirements. The resulting model is used for semi-automatic test generation 
that is guided by an engineer who can then easily justify the selected subset of 
behaviour chosen for testing. S70 by Aichernig et al. (2014) presents a tool supported 
approach to combine requirements elicitation, formal specification and analysis, and test 
case generation for the purpose of integrating RE and test case generation. The 
presented approach facilitates also fine grained traceability and the identification of the 
impact of changing requirements. The closer collaboration of RE, analysis and test 
generation improved traceability and increased the likelihood of getting requirements 
right early on and ultimately reduced the cost of V&V (Aichernig et al. 2014). Finally, 
in S38 Rajan et al. (2007) evaluated an approach that automates the generation of high-
level requirements-based tests for the purpose of model validation. The approach was 
found to be feasible regarding time and effort, but generated test achieved high coverage 
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over the model under test (MUT) only when requirements were well defined (Rajan et 
al. 2007). 

Improved traceability 

It is important to understand the impact of changes during the development project. 
Change impact analysis is a way of determining the effects change can have (Ibrahim, 
Idris, Munro, & Deraman, 2006). Traceability is important to manage this impact 
analysis and must take into account all different models on different levels during the 
development lifecycle (Ibrahim et al. 2006). Additionally, in safety critical domains full 
traceability is required by standards such as ISO 26262, in the automotive domain, and 
DO-178B in aeronautics (Dubois et al. 2010). The studies of this group supports 
alignment of RE and ST through improved traceability. 12 studies belong to this group; 
S7, S9, S13, S15, S23, S46, S47, S52, S57, S58, S64, S67. 

S9 by Ibrahim et al. (2006), presents a traceability approach for both horizontal 
traceability, for dependent items within a model, and vertical traceability for 
corresponding items between different models together with tool support. The approach 
proved to be less useful for impact analysis in top-down traceability (from requirements 
to test cases to code) and in bottom-up traceability maintainers need to decide whether 
the main objective of the maintenance task should focus on efficiency or accuracy for 
the approach to be useful (Ibrahim et la. 2006). In S47, Naslavsky et al. (2005) found 
that the use of scenarios for traceability can provide a richer impact analysis and support 
testing activities. Eder et al. (2015) proposes in S76 an automated technique for how to 
configure LSI (Latent Semantic Indexing) for information retrieval (IR) and in that way 
keep the software and documentation in consistent state during change. The approach 
improves the applicability of LSI in requirements tracing without the need of expert 
knowledge or existing links between artefacts (Eder et al. 2015). In another study Hayes 
et al. (2006) succeeded in reducing manual efforts of tracing analyst through IR 
methods that focus on ‘after the fact’ requirements tracing for the case when a 
requirements traceability matrix (RTM) have not been built to the proper level of detail. 
Ziftci et al. (2013) proposes a method to reverse engineer test suite coverage for 
requirements from existing TCs and a metric to show this coverage in S57. Although 
the metric provides a good view of the progress of testing on requirements level the 
method does, however, rely on the existence of a high quality RTM or other traceability 
technique used (Ziftci et al. 2013). 

As it is proposed that RE and ST should be brought closer to each other Alarcón et al. 
(2004) does this through automated document centric support in S52. The approach in 
which integration is achieved through traceability between stakeholders’ requirements 
and validation tests provides, together with simulation, good support for incremental 
component-based development processes (Alarcón et al. 2004). Still, not all studies 
propose to bring the two ends of the development process closer to each other. Paci et 
al. (2012) proposes a very different approach. Their approach in S58 is based on 
separation of concerns and to propagate changes in requirements and testing models 
through a minimalistic interface. A change in one domain affects a concept of the 
interface and is then propagated to the other domain and thus the engineers of either 
domain does not need to know about the work of the other domain (Paci et al. 2012). 

As software development can follow different development paradigms, so can research 
regarding traceability focus on a certain design method. S64 by Thangarajah et al. 
(2011) advocates for the use of scenarios for scenario-based system test generation to 
guarantee traceability. However, the authors state that the proposed solution focus at 
this point only on a given scenario in isolation and require thus further work regarding 
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interacting scenarios and the effectiveness of the approach (Thangarajah et al. 2011). In 
S15 Niu et al. (2009) provides results from an initial investigation into an approach that 
mixes model driven engineering (MDE) and AOSD for tracing goal aspects from 
requirements to implementation and testing. A case study provided positive evidence to 
confirm the frameworks’ applicability and usefulness for tracing of broadly-scoped non-
functional concerns across the software life cycle and to address software complexity 
(Niu et al. 2009). Behaviour Driven Development (BDD) has been suggested by the 
agile community to address traceability issues and S23 introduces the XReq tool for 
bringing BDD to Ada in safety-critical context in which executable requirements help 
technical and non-technical people understand each other and help keep perfect 
traceability between requirements and test cases (Baillon & Bouchez-Mongardé, 2010). 
S46 shows an approach for traceability in MDE for MBT together with tool support to 
enable the estimation of test coverage with respect to requirements and fast feed-back 
loops both for debugging the specification and implementation of the system (Abbors et 
al. 2009) and Dubois et al. (2009) presents in S7 DARWIN4REQ, a meta model for 
traceability between heterogeneous models in different levels for a model based design 
process that allows for full traceability of the requirements. 

Improved testing 

This group contains only 3 studies (S14, S65, S69). These studies propose ways of 
improving testing and although also these start from the requirements they don’t discuss 
the test generation in detail. S14 by Winbladh et al. (2006) presents a method of 
annotating source code with goals and events that are emitted when the software is run. 
When the events and the paths are emitted they can be compared to plans of how a goal 
should be satisfied. S65 presents and idea for minimizing the gap between RE and ST 
through better information gathering in the RE phase, improving requirements quality, 
and better usage of this information in the ST phase reducing the number of test 
scenarios and test cases (Smilgyte & Butleris, 2012). S69 by Regnell & Runeson (1998) 
examines possible strategies of combining use cases and usage based testing through 
transformation of UCs or extension of UCs to facilitate testing. The author identified 
three different strategies; 1) usage-based reading that focus on the prioritized scenarios 
and thus increase efficiency of reading, 2) scenario-based reliability testing, that reduces 
the cost and difficulty of reliability testing when the required testing models are based 
on scenarios from RE, and 3) EP-based (Equivalence Partitioning) scenario elicitation in 
which EP-analysis gives a more complete set of scenarios than an ad hoc elicitation 
approach (Regnell & Runeson, 1998). 

Practices to support alignment 

In this group are the studies (S2 – S4, S34, S54) presenting practices to support 
alignment of RE and ST. In all of the studies of this group it was deemed important that 
testers should participate in the development process from early on in the development 
phase. In her opinion paper (S34), Graham (2002) calls to invite testers to participate in 
requirements reviews and inspections, and suggest to start planning testing as early as 
possible in parallel with requirements analysis. The author also suggests to use sample 
test conditions as examples in the requirements specification. In S3 Kukkanen et al. 
(2009) identified in their case study that using requirements as basis for testing and 
having requirements quality evaluated by cross-functional teams was beneficial 
reducing risk of overlapping work, improving visibility of project status and improved 
effectiveness of the project in the case study. Bjarnason et al. (2014) in S54 identified 
that “requirements are the frame of reference for the software to be built, and hence the 
quality of the requirements is critical for alignment with testing activities”. The authors 
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found several practices regarding RE and V&V to help alignment. The human aspects 
of e.g. cooperation and communication are central for alignment and organization size 
and motivation for alignment are variation factors that play a key role (Bjarnason et al. 
2014). In S4 Uusitalo et al. (2008) listed early tester participation, tester participation in 
requirements reviews, linking testers with requirements owners, and requirement 
suggestions by testers as important and beneficial practices. 

Important prerequisites for the above practices are the linking of people and linking of 
processes which are called for in all of the studies. This is encapsulated in S34 by the 
statement “the human and organizational sides of software development are at the core 
of industrial alignment practices” (Graham, 2002). 

Linking of people extends also outside the development organization. In S54 the 
customer communication was deemed important at all requirements level phases. The 
authors also state that acceptance tests should be defined by customers and that 
customer feedback is important in verification even for future projects. Other important 
practices include the use of business scenarios as examples of how a system should be 
used (S34), use of metrics both for coverage (S34), use of adequate documentation for 
requirements, tests and tracing between these and the documents themselves (S54), the 
use of appropriate tools to support traceability and change management (S54) and 
testing (S5). Bjarnason et al. (2014) in S54 also points out that the size of the 
development organization and the domain type affect the characteristics of the 
applicable practices. 

Formalization of requirements 

Formalization of the requirements is important in any kind of model-based development 
and specially in safety critical systems or development projects that have to meet 
standards, e.g. the automotive industry (Siegl, Hielscher & German, 2010). A formal 
specification is a more precise and unambiguous description of the informal 
requirements describing the required behavior of the system or component. (Miller & 
Strooper, 2012). Moreover, the formalization of requirements allows for formal 
verification that can guarantee that implementation conform to specification (Post, Sinz, 
Merz, Gorges & Kropf, 2009). There are many ways of formalizing requirements. The 
studies of this group (10 studies; S10, S16, S30, S32, S39, S40, S45, S48, S55, S59) 
shows a few methods of how this formalization can be achieved. Although some of the 
studies in this group do also discuss test case generation or traceability issues, they are 
perceived to focus more on the formalization of the requirements. 

Quinn et al. (2006) present another approach, Trace Function Method (TFM) in S59. 
Specifying requirements of a software component with TFM produces a readable, well-
organized and easy to use document (Quinn et al. 2006). Marelly et al. (2002) study the 
use of LSCs in S32 where they present their play engine tool. In the tool is implemented 
a LSC extended with executable semantics and thus makes it a powerful language to 
express behavioral requirements in an executable way (Marelly et al. 2002). Goel & 
Roychoudhury (2006) studies three different scenario-based system modeling 
languages; Live Sequence Charts (LSC), Triggered Message Sequence Charts (TMSC), 
and Interacting Process Classes (ICP) in S40 for the purpose of synthesizing formal 
models from informal requirements. These scenario-based modeling languages are 
important in UML-based system modeling and help in addition to the formalization of 
the requirements also test generation and traceability (Goel & Roychoudhury, 2006).  

Two other studies also focus on UML. Kelleher & Simonsson (2006) review critical 
changes to UML 2.0 in S48 and propose to use UML 2.0 use case classes for 
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requirements modeling that assist traceability and bridge the gap between requirements 
and the resto of the development process. Bouquet et al. (2007) presents a subset of 
UML 2.1 and Object Constraint Language (OCL) for the design of a formal behavior 
model of the system under test (SUT) for MBT in S10. The defined subset of UML 2.1 
and the proposed MBT approach enables to automatically produce the traceability 
matrix form requirements to test cases (Bouquet et al. 2007).  

Berger & Siegl (2012) present in S55 a sequence-based specification (SBS) method for 
formalization of requirements to achieve more reliable implementations in shorter time. 
In the presented case study ambiguities in the requirements specification were identified 
and resolved during the formalization process and the resulting requirements 
specification models also served to improve testing of the implementation (Berge & 
Siegl, 2012). Siegl et al. (2010) present in an earlier study a model-based approach in 
S30. The authors introduce a Time Usage Model (TUM) for the formal representation of 
the functional requirements. These formal descriptions can then be used for test 
generation (Siegl et al. 2010). Formalization of the requirements to facilitate testing is 
also presented in S45 by Riebisch & Hubner (2005). In their study the authors define 
traceability-driven refinement for TC generation of complex computer based systems in 
which the refinement and formalization of the requirements is done through lexical 
analysis, linguistic analysis and semantic analysis. Together with tool support the 
degree of automation of analysis and restructuring activities are improved and the 
applicability of the method in large projects is improved (Riebisch & Hubner, 2005). 
Grunske (2008) introduces ProProST (Probabilistic Property Specification Templates) 
in S39 for software intensive systems. ProProST is a specification pattern system that 
can be used for the formulation of probabilistic properties of non-functional 
requirements with a structured English grammar that is presented to ease the correct 
formulation of probabilistic properties for non-experts in probabilistic logic. Results of 
an investigation of industrial quality requirements showed that 46 out of 48 quality 
requirements could be formulated through the pattern system (Grunske, 2008).   Hussain 
& Eschbach (2010) presents a risk-based method using fault trees to increase quality of 
manufacturing automation systems in S16 by introducing hardware and software 
failures to the automatically composed formal models of the system. The models can 
then be used produce test goals and test cases, to ascertain safety and availability 
properties of the system, and to assure traceability between testing and safety 
requirements (Hussain & Eschbach, 2010).  

Assessment of alignment 

This group contains two studies, S1 and S51, both by Unterkalmsteiner et al., that 
supports alignment through an assessment framework which can be used to assess the 
state of alignment in a development project. S1 presents the assessment framework, 
evaluation of its use and a case study, in which it was used. The second study (S51), 
uses this same framework in several industrial cases studies. The assessment framework 
is good not only for assessment but also for eliciting and identified opportunities for 
improvement within a development project (Unterkalmsteiner et al. 2015). 

Other approaches 

This group contains 5 studies (S20, S21, S29, S77, S80) with mixed approaches that 
does not fit in either of the previous groups. Three of these studies impact the whole of 
the development process. Zou & Pavlovski (2008) presents a tool, control cases for 
modelling of NFRs, in S20 and shows how it can be used together with UCs from RE to 
architecture and design to software implantation and to testing. Use of the control case 
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together with UCs gives a more complete representation of the requirements and 
provides early visibility of the NFRs and a mechanism for technical and business 
stakeholders to discuss about the requirements (Zou & Pavlovski, 2008), The opinion 
paper (S29) by Mugridge (2008) presents advice to help bridge the gap between what 
organizations really want and what is delivered by the developers with a test-driven 
approach, storytest-driven development. The claim is that storytest-driven development 
work as a communication aid that helps clarify issues between stakeholders and help 
reaching agreement regarding completeness of added functionality thus reducing 
speculation involved in upfront specification and that it also reduces testing effort 
(Mugridge, 2008). In S80 Tonella & Tiella (2015) report lessons learned from a case 
study where an agile process was introduced to better align requirements and test cases. 
According to a questionnaire the new agile process, that is based on weekly roundtrips 
where an entire cycle of the V-model is traversed in each sprint, was perceived as 
beneficial regarding aspects like assignment of roles and responsibilities and improved 
traceability (Tonella & Tiella, 2015). Whalen et al. (2006) explore the use of three 
potential metrics to assess requirements coverage of black-box testing; requirements 
coverage, requirements antecedent coverage, and unique first cause (UFC) coverage. 
The potential benefits of using requirements coverage as adequacy criterion for tests are 
a direct measure of how well a black-box test suite addresses a set of requirements, the 
assessment is implementation independent, gives a means for measuring the adequacy 
of requirements, and allows for the automatic generation of tests that are immediately 
traceable to requirements (Wahlen et al. 2006). In S77 Femmer et al. (2015) addresses 
RE quality. The authors define RE artefact quality with respect to later development 
processes or activities in where the artefacts are used. For this the authors introduce 
ABRE-QM (activity-based requirements artefact quality model) which enables defining 
and validating RE quality in a precise and systematic way. 

Summary 

The greatest interest seems to be on test generation based on the requirements. 
Undoubtedly, this is an important aspect of the development process since testing 
should verify that the product actually does what it was intended to do (Pressman, 
2011), so it could be said that it is at the heart of alignment of RE and ST. However, in 
many studies it has been stated that testing can be an arduous (e.g. S17) and very 
resource consuming task (e.g. S59, S75), and many times testing is done too late in the 
development process (e.g. S33, S43). One way of addressing this issue is to start testing 
as early as possible through V&V in RE. Another important aspect is automation. Many 
of the primary studies try to decrease the cost of testing through automation (e.g. S8, 
S14, S52, S67 just to mention a few). 

Most of the presented techniques are based on models. This is also intrinsic since the 
products to be produced are oftentimes very complex and people need models to 
understand complexity (e.g. S15). When models represent the system on different 
abstraction levels there is also a need for traceability between these models (S9). It is 
also important to have traceability between requirements and test to be able to trace 
faults back to the requirements, and changes in requirements can be propagated to 
testing (e.g. S8). 

V&V in RE and traceability have gotten the same amount of attention in this 
classification, however, it should be noted that many test generation techniques also 
take traceability into consideration. Test generation from requirements require also 
formalization of the requirements. Many of the studies proposing techniques for test 
generation takes this into account, but there are studies focusing more on the 
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formalization alone. Formalization is also very important in safety critical systems (e.g. 
S39). 

Good practices to support alignment have been proposed to lesser extent, only 4 studies 
present practises to support alignment. Another issue with practices is that they are just 
practices, i.e., the practices can be applied in what is already present to help alignment. 
They are not true models of a development process with alignment of RE and ST as the 
main purpose. 

4.3 RQ 3. In what context has alignment of RE and ST been 
applied and what effects in terms of benefits and challenges 
have been reported? 

This section answers the question regarding domain and reported benefits and 
challenges. The section is divided into three subsections where an overview of the 
domains in the studies is given first. The next subsection presents the studies that report 
benefits and challenges and lists in tables all the extracted benefits and challenges. The 
last subsection presents the categorization of benefits and challenges done in this thesis. 

4.3.1 Overview of reported domains 

Not all studies reported a domain. These studies consist mostly of solution proposals 
regarding frameworks, methods or techniques to support alignment regardless of 
domain. Two of these studies are opinion papers, two did validation and one did 
evaluations of alignment efforts in five different case studies, but did not report any 
domain due to anonymity requests. In total, 18 studies did not mention domain (S24, 
S28, S29, S31, S37, S40, S43, S47, S48, S51, S52, S60, S62, S64, S65, S69, S73, S75, 
S77). 

Of those studies that report the domain, the most frequent domain is automotive 
industry. There are 15 studies in which research had been done in the automotive 
industry of which one reported several domains (S2,). These studies constitute mostly of 
evaluation of frameworks, methods or techniques (S 27, S30, S36, S39, S53 – S56, S70, 
S71), three studies presented solution proposals (S7, S33, S78), and one provided an 
experience report (S41). Three of the evaluation research studies provided benefits and 
challenges regarding alignment of RE and ST (S27, S53, S54), which will be elaborated 
more on shortly. 

The second highest domain in the studies is telecommunication or mobile devices (11 
studies; S1, S2, S5, S11, S32, S42, S45, S46, S50, S54, S59) and the third most 
frequently reported domain is avionics or aviation, which are mentioned in 6 studies 
(S18, S21, S23, S38, S39, S49). All of these domains deal with embedded systems. 
Other reported domains of embedded systems are clinical domain (S76), computer 
networking (S50, S54), railway systems (S54), ATM (S14, S18), sports instruments 
(S4), manufacturing automation (S16), space applications domain (S13, S25) and 
defence domain (S39, S68). There are also plenty of other domains mentioned in the 
studies such as bibliographic system (S6), chat system (S57), enterprise system (S10), 
administrative systems (S67, S72) and online booking system (S20) just to mention a 
few. Table 10 shows the three most frequent domains. A complete list of domains and 
systems used in the case studies and examples are presented in Appendix D. 
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Table 10. Three most frequently reported domains. 

Domain Number of studies The studies 

Automotive Industry 15 S2, S7, S27, S30, S33, S36, S39, 
S41, S53 – 56, S70, S71, S78 

Telecommunication and Mobile Devices 11 S1, S2, S5, S11, S32, S42, S45, 
S46, S50, S54, S59 

Avionics 6 S18, S21, S23, S38, S39, S49 

The automotive industry is the most frequently reported domain. This might indicate 
that the automotive industry has a very high need for alignment since automotive 
systems are very complex, safety critical, and they need to follow standards. It is 
important to understand the interplay of different software and ECUs and to verify that 
they all operate together without causing any hazards. Thus there could be seen to be a 
need to understand what to test and how very early on in the development of automotive 
software. The avionics domain, as well as the space application domain mentioned in 
two studies, is very similar in this sense. It should also be mentioned that some of the 
studies, with research in a certain domain, report that the proposed approaches or 
techniques could also be used in other domains. From the high variety of different 
domains reported it could be concluded that alignment is not applicable only in a certain 
kind of setting, but it is applicable and useful in any kind of software development in 
any kind of setting and domain. However, it could easily be perceived that domains of 
large complex systems benefit more from alignment.  

4.3.2 Benefits and challenges 

Many of the studies mentions benefits and challenges regarding alignment of RE and 
ST However, some cite benefits and challenges reported by others while some mention 
possible benefits and challenges. A few studies mention or report benefits regarding a 
certain approach. five studies report on benefits and challenges regarding alignment of 
RE and ST through case studies (S3, S19, S50, S54, S63) and one through a survey 
(S4). Study S63 reports on challenges of an earlier study (S54) and inspects their 
relevance in the studied case. Next is first presented the challenges and later the 
benefits. 

Challenges 

This section presents the studies that identified challenges. A description of each study 
is given together with the challenges in tables. Finally, the challenges have been 
categorized and the result of this categorization is presented in Table 18 and Table 19. 
Two of the studies (S3, S4) report benefits of alignment of RE and ST in addition to 
identified challenges. In S3, Kukkanen et al. (2009) report lessons learned from a case 
study of concurrent improvement of requirements and testing processes in the R&D 
(research and development) department of Metso in the domain of intelligent valve 
controller development and manufacturing. The focus of their work was on identifying 
good practices and found and reported in the process also two challenges presented in 
below in Table 11. 

Table 11. Challenges of Kukkanen et al. (2009).  

Challenges 

C1 The requirements change process during which test cases must be kept up-to-date 

C2 The danger of testing becoming requirements-based testing only 
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In S4, Uusitalo et al. (2008) also report on lessons learned. They conducted interviews 
with practitioners from 5 different domains (enterprise security, network security, sports 
instruments, testing consultancy and computer security) and presented a set of good 
practices for bringing RE and testing closer to each other. In addition to the practices 
they also identified several benefits and challenges. i.e., they report challenges 
regarding certain practices for bringing RE and ST closer to each other. The practices 
and challenges are presented in Table 12 below. 

Table 12. Challenges by Uusitalo et al. (2008). 

Practice: Early tester participation 

C3 Testers are rarely available during this early stage of the project because they are assigned to 
other projects. 

C4 Distributed development 

C5 Limits imposed by the applied software development process 

Practice: Tester participation in requirements review 

C6 Suggestions made by testers may be in the wrong scope and contain too specific information 

Practice: Test traceability to requirements 

C7 The traceability between requirements and test rarely maintained in practice (no updating 
during change) maintaining 

C8 Lack of good enough tool support 

C9 Poor quality of the requirements 

Practice: Linking tester with requirements owners 

C10 The authoritative source of information may be unavailable or overloaded 

Practice: Requirements suggestions made by testers 

C11 Requirements writers reluctant to adding new features towards the end of the requirements 
process 

C12 More weight is given to opinions and suggested features of customers and users than testers 

In S50 by Bjarnason and Unterkalmsteiner et al. (2015) the authors presents an 
industrial case study of three cases (two counts of the domain of software development 
of embedded products and one consulting domain) where test cases are used as 
requirements. In their study the authors investigated how agile development projects 
succeed even though they downplay the importance of RE, when weak RE is a known 
cause for project failure. The study implies that the relationship of RE and testing is not 
fully understood. 

Table 13. Challenge extracted from Bjarnason and Unterkalmsteiner et al. (2015). 

Challenge 

C46 The coordination of evolving requirements poses a challenge in aligning these with later 
development activities including testing 

3 studies focus more on the challenges of alignment of RE and ST; S19, S54 and S63. 
As mentioned above S63 focus on research regarding challenges identified in S54 and 
for that reason S63 is not mentioned in Table 18, that classifies all challenges. S19 by 
Sabaliauskaite et al. (2010) focus specifically on the challenges of alignment of RE and 
ST in an industrial case study. They identified in a total 33 challenges classified into 8 
categories. This classification is used as a basis for the classification in this thesis. The 
challenges are presented in Table 14 and Table 15 on the following pages.  
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Table 14. Challenges by Sabaliauskaite et al. (2010). 

Organizational and process related issues 

C13 The requirements and verification processes are separate processes 

C14 Frequent process changes negatively influence alignment 

C15 Distance in time between the development and test artefacts can create alignment problems 

C16 Gaps in communication across different organizational units often occur in a large company 

C17 Implementation of process improvement is time consuming 

People related issues 

C18 Professionals do not always have good technical knowledge and understanding about the work 
of other units 

C19 Lack of cooperation between requirements people, developers and testers is affecting the 
alignment 

Tool issues 

C20 The lack of appropriate tools influences the alignment 

C21 It is important to keep the requirements database updated 

C22 If there is no tool to collect customer needs, it is difficult to keep them aligned with 
requirements, hence with test cases as well 

C23 In cases when requirements and testing artefacts are stored in different tools, there is a need of 
good interfaces between these tools 

C24 If the mapping between requirements and test cases is not presented in a clear way, it could 
contain too much redundant information 

Requirements process related issues 

C25 Requirements sometimes are not given enough attention and consideration by other 
organizational units 

C26 Not having a good way of managing customers’ needs make it more difficult to define 
requirements 

C27 Requirements engineers do not think about testability of requirements 

C28 Dealing with quality requirements is a difficult task 

C29 It is difficult to maintain alignment in organizations working with a large set of requirements, 
when the number of requirements reach tens of thousands or more 

Testing process related issues 

C30 Sometimes testers lack clear directions on how to proceed with testing 

C31 In case several organizational units are involved in testing, the cooperation between them is 
crucial 

C32 There is a lack of verification at early development stages, especially of quality requirements 
verification 

C33 It is inefficient to maintain alignment of requirements and test cases due to the large amount of 
test cases 

C34 It is difficult to get requirements people interested in having good quality test cases 

Change management issues 

C35 It is sometimes difficult to find the people responsible, if a change occurs, if a defect is found, or 
if there is a need of further information 

C36 There is a lack of strategy in deciding which changes to implement in case there is not enough 
time or resources to implement all changes 

C37 The information about changes is not always timely updated in the requirements database 
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Table 15. Challenges by Sabaliauskaite et al. (2010) continued. 

Traceability issues 

C38 There is a lack of links between requirements and test cases 

C39 If traceability between requirements and test cases is not maintained, testers keep testing 
requirements that have been removed 

C40 Having large legacies implies that a lot of test cases do not have requirements linked 

C41 Ideally, alignment should be implemented and maintained at all abstraction levels of 
requirements and verification processes 

Measurement issues 

C42 Due to the lack of experience in using measurements, it is difficult to define appropriate metrics 
or indicators 

C43 There is a lack of alignment related metrics 

C44 Key performance indicators (KPI) and metrics should be appropriate at both operative, as well 
as, top management level 

C45 Sometimes target values for metrics and indicators are defined without a business case, not 
based on historical measurement data 

S54 also focus specifically on the challenges and practices in aligning requirements with 
software verification and validation (Bjarnason et al. 2014). The study presents a case 
study of six companies (three counts of software development for embedded products, 
one system engineering of embedded products, one consulting company and one stated 
only as software development). and reports on the state of practice regarding alignment 
providing insight in to the problems regarding alignment and how to overcome these 
problems. The challenges they identified, presented in Table 16 and Table 17, they list 
as nine challenges of which four are divided into sub challenges adding up to a total of 
16 challenges. In addition, they identify also a set of practices and reports which 
practice address which challenges. 

Table 16. Challenges by Bjarnason et a. (2014). 

Challenges 

C47 Aligning goals and perspectives within an organisation 

C48 Cooperating successfully 

Good requirements specification quality related challenges 

 C49 Defining clear and verifiable requirements 

 C50 Defining complete requirements 

 C51 Keeping requirements documents updated 

Verification and validation related challenges 

 C52 Full tests coverage 

 C53 Defining good verification process 

 C54 Verifying quality requirements 

C55 Maintaining alignment when requirements change 

Requirements’ abstraction levels related challenges 

 C56 Defining requirements at abstraction level well matched to test cases 

 C57 Coordinating requirements at different abstraction levels 

Traceability related issues 

 C58 Tracing between requirements and test cases 
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Table 17. Challenges by Bjarnason et al. (2014) continued. 

 C59 Tracing between requirements abstraction levels 

C60 Time and recourse availability 

C61 Managing large document space 

C62 Outsourcing of components or testing 

Summary of challenges 

All the reported challenges are classified in Table 18 and Table 19 (due to size) together 
with the studies they are extracted from. The classification of challenges posed a 
challenges itself since challenges were reported in a different way in the studies. For 
example, S19 report challenges regarding organization and development process issues 
and technical challenges related to different activates, whereas S4 presents challenges 
regarding certain practices, e.g., early tester participation or linking testers with 
requirements owners. Although the challenges of S4 may not fit this classification 
perfectly, several similarities could be found an all challenges are here presented in one 
classification. After the tables a description is given of each category in the same order 
as presented in the table. 

Table 18. Challenges in aligning RE and ST 

Category Challenge 
Number of 

studies 
Study 

Organization and 
process related 
challenges 

Separated RE and ST 

3 

S19 

Process change S19 

Temporal distance S19 

Communication S19 

Process improvement S19 

Goals and perspectives S54 

Resource availability 
S4 (2 challenges), 
S54 

Outsourcing S4, S54 

Applied development process S4 

People related 
challenges 

Knowledge of work of others 
2 

S19 

Cooperation S19, S54 

Tool related 
challenges 

Lack of appropriate tools 

3 

S4,  

S19 (2 challenges) 

Heterogeneous tools  S19 (2 challenges) 

Use of tools S19, S54 

RE related 
challenges 

Cooperation with other units 

3 

S4 (3 challenges), 
S19 (2 challenges) 

Changing requirements S54 

Large number of requirements S19 

Quality requirements S19 

Defining good requirements 
S19, 

S54 (5 challenges) 
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Table 19. Challenges in aligning RE and ST continued. 

Category Challenge 
Number of 

studies 
Study 

ST related 
challenges 

Quality requirements verification 

3 

S19, S54 

Large amount of test cases S19 

Test coverage S54 

Defining good testing process S54, S19, S3 

Cooperation with other units S19 (2 challenges) 

Not maintaining traceability S54 

Change 
management 
related challenges 

Finding responsible people 

4 

S19 

Change management strategy S19 

Updating of information S19 

Evolving requirements S3, S50, S54 

Traceability related 
challenges 

Maintaining traceability in practice 

3 

S4, S19 

Lack of links from reqs. to TC S19, S54 

Abstraction levels S19, S54 

Legacies S19 

Poor quality of requirements S4 

Measurement 
related challenges 

Lack of experience 

1 

S19 

Lack of alignment metrics S19 

KPI appropriate for operative and 
management levels 

S19 

Business case inclusion in metrics S19 

On organizational and development process level the biggest challenge is the separation 
of development phases. In a big organization the RE phase and ST phase may be 
separated by distance and time. The people working in each phase may not 
communicate directly with each other which leads to the challenge of communication. 
Outsourcing of parts of the development process adds to challenges. The development 
process itself may pose challenges. The applied development process may not be suited 
for close collaboration between requirements engineers and testers. Process 
improvement and process change have also been reported as a challenge for maintaining 
alignment. S54 also found time and resource availability as a challenge. Many times 
there is not enough time and resources for testing to be able to test all requirements. S4 
lists that testers are rarely available in the early phase of development which makes it 
hard to make tester participate early in RE and that the authoritative source of 
information regarding requirements may be unavailable when needed. Aligning goals 
and perspective within an organization was also mentioned as a challenge in S54. 

Challenges regarding people relate to peoples’ knowledge of others work and 
cooperation with other people of other units. Peoples’ skill or willingness to cooperate 
also relates to the challenge of cooperating with other units, which is mentioned both in 
challenges in RE and challenges in ST, although those challenges may also relate to 
organizational issues. 

Tool related issues have been mentioned in three studies (S4, S19, S54). These 
challenges can affect both RE and ST and also traceability and change management. 
Many times the tools in use may not be appropriate for realizing alignment. Another 
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issue is that a development organization may use different tools in different phases of 
the development for different purposes and it may be difficult to make all heterogeneous 
tools fit together. Sometimes also the use of tools can be an issue. Developers may be 
reluctant to use certain tools to the extent that would be required for good alignment. 
This could also be seen as a people related issue. 

There are many challenges in RE that could be seen as challenges regarding 
requirements definition. S19 found that it is hard for developers to define good 
requirements if they don’t have a good way of managing customers’ requirements. This 
challenge could also relate to tools or practices in use in the RE phase. S54 lists several 
challenges that could be classified as challenges for defining good enough requirements. 
Defining clear and verifiable requirements, defining complete requirements and keeping 
the requirements document updated. S54 also mentions abstraction levels as issues that 
can be seen as a challenge for defining good requirements. Cooperation with other units 
is a challenge especially for tester participation in RE. Testers’ suggestions in the RE 
definition may be out of scope, e.g. containing too detailed information, RE writers may 
be reluctant to add new features towards the end of the RE phase, and requirements 
engineers tend to give more weight to opinions and suggestions coming from the 
customer as mentioned in S4. S19 mentions that requirements engineers don’t always 
think about testing and that sometimes requirements are not given enough attention by 
other units. Other issues mentioned are changing requirements, quality requirements, or 
NFRs may be difficult to deal with, and the large number of requirements especially in 
industries like the automotive industry. 

The non-functional quality requirements pose a challenge for testing also. They might 
be difficult to verify. As for challenges in RE, the cooperation with other units is a 
challenge in testing. S19 mentions that if testing is done in several organizational units, 
cooperation is crucial, and also that it may be difficult to get requirements engineers 
interested in having good quality test cases. Other issues in ST that hinder alignment 
relate to test coverage, badly maintained traceability, and the large number of test cases. 

S19 found that finding responsible people is an issue in change management. This issue 
differs from the previous unavailability of the authoritative source of information in the 
sense that the source may be available but the source is hard to find. In the same study 
the lack of change management strategy was mentioned as one challenge, and three 
studies (S3, S19, S54) mention the evolving requirements as a challenge. S19 also 
found that the updating of the requirements database itself may also need more 
attention. 

Of the challenges relating to traceability both S4 and S19 found that the maintaining of 
traceability is not always done appropriately even though tools and practices might 
exist. Both S19 and S54 mention that links between tests and requirements are lacking 
many times and that different abstraction levels pose a challenge for maintaining 
traceability. S4 also mentions poor requirements quality as a big issue and S19 states 
that having large legacies implies that a lot of test cases do not have requirements 
linked. 

S19 also discuss metric issues. They list the lack of metrics for alignment, lack of 
experience regarding metrics, key performance metrics should be appropriate on both 
operative level and top management level, and business cases should be included in the 
metrics. 

Many diverse challenges have been identified in the studies. So it could be said that it is 
well understood what is needed for better alignment, however, these challenges relate to 
the practices and development process in place. So it is well understood what is needed 
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to make the current process and current practices work better form an alignment 
perspective. 

Benefits 

A few studies mention possible or assumed benefits, but only two studies report 
benefits. S3, presented earlier, report on one noticed benefit.  

Table 20. Benefit extracted out of Kukkanen et al. (2009). 

Benefits 

B1 Improved control and estimation of project cost and schedule through improved planning 
of testing 

S4 focused also on practices but his study inspected also challenges and benefits. In S4 
the authors don’t report on benefits and challenges as benefits and challenges of 
alignment but benefits and challenges regarding each proposed good practice. Although 
the reported benefits are benefits of applying these certain practices, it can be said that 
the benefits are benefits of alignment since the practices enable a closer link between 
RE and testing, thus improving alignment. The main benefit they report relates to 
project and product quality, saying that the accuracy of planning and testing is improved 
through the linkage. The improved accuracy further enables a project to meet its 
planned schedule. 

Table 21. Benefits by Uusitalo et al. (2008). 

Practice: Early tester participation 

B2 Testing activities are properly taken into account in planning 

B3 Testers’ domain and system knowledge are improved because of additional exposure to the 
subject 

B4 Requirements quality is improved 

Practice: Tester participation in requirements review 

B5 Help surface deficiencies and omissions in requirements 

B6 Help discover requirements that will be difficult to validate 

Practice: Test traceability to requirements 

B7 Improved test coverage 

B8 Efficiency of change management is improved 

B9 Error removal is more efficient 

Practice: Linking tester with requirements owners 

B10 Reduce assumptions made by testers 

B11 The ability to progress despite lower quality requirements 

B12 Increased reliability of test results and subsequent products 

Practice: Requirements suggestions made by testers 

B13 Testability and possibilities for test automation is improved 

B14 Reduced testing effort 

B15 More likely that testing will be completed both in time and within planned scope and scale 

General benefit 

B16 Improved likelihood of products satisfying customer needs 
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Summary of benefits 

The benefits have been categorized in a similar manner as the challenges. The result of 
this categorization is presented in Table 22. 

Table 22. Classification of reported benefits. 

Category Benefit 
Number 

of 

studies 

Study 

Benefits for 
project quality 

Improved control and estimation of project cost and schedule 
through improved planning of testing 

2 

 

S3 

Efficiency of change management is improved by test traceability 
to requirements 

S4 

The ability to progress in spite of lower quality requirements by 
linking testers with requirements 

S4 

More likely that testing will be completed both on time and within 
planned scope and scale by requirements suggestions made by 
testers 

S4 

Benefits for 
RE 

Requirements quality is improved by early tester participation 

1 

S4 

Help surface deficiencies and omissions in requirements by tester 
participation in requirements review 

S4 

Help discover requirements that will be difficult to validate by 
tester participation in requirements review 

S4 

Benefits for 
testing 

Testing activities are properly taken into account in planning 
through early tester participation 

1 

S4 

Testers’ domain and system knowledge are improved because of 
additional exposure to the subject by early tester participation  

S4 

Improved test coverage by test traceability to requirements S4 

Reduce assumptions made by testers by linking testers with 
requirements owners 

S4 

Testability and possibilities for test automation is improved through 
requirements suggestions made by testers 

S4 

Reduced testing effort by requirements through suggestions made 
by testers 

S4 

Benefits for 
product 
quality 

Error removal is more efficient by test traceability to requirements 

1 

S4 

Increased reliability of test results and subsequent products S4 

Improved likelihood of products satisfying customer needs S4 

There are very few reported benefits compared to the number of identified challenges. 
This could indicate that the effects of alignment have not been studied extensively, 
although the arguments for improved alignment are convincing. More work could be 
done regarding the effects of alignment. All the extracted benefits and challenges can 
also be found in Appendix C. Extracted benefits and challenges. 

4.4 RQ 4. What are the most frequently applied research types and 
research methods? 

Two research types, Solution Proposal and Evaluation Research, are most frequently 
used in the studies of data extraction. They constitute over 83% (67/80) of all research 
types. The number of solution proposals is 29, which is 36% of all studies, and the 
number of evaluation research done is 38, which is 47,5% of the studies. In 4 studies the 
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researchers have done Validation Research (S9, S13, S24, S40). Three of these studies 
validate frameworks, methods or techniques, of which two also contributed with a tool. 
One study has done validation and reported lessons learned. The same number of 
studies reports on experiences (S41, S63, S74, S80). The contribution of one of these 
studies is framework/method/technique and the three others contribute with lessons 
learned. Three Opinion Papers can be found amongst the studies (S29, S34, S43) and 
two studies have done Philosophical Argumentation (S1, S2). Figure 12 shows these 
results in a bar graph. 

 

Figure 12. Number of different research types. 

The frequency of the most common research types was inspected and the results can be 
seen in the line graphs of Figure 13. The number of Solution Proposals have increased 
from an earliest peak of three proposals in 2005 to 5 proposals in 2010 and to 7 
proposals of 2014, with periods of 0 to 2 yearly Solution Proposals in between. Again, 
in 2015 the number of Solution Proposals dropped to 0. Evaluation Research started to 
appear in 2004 and rose to 4 in 2006. After a slight decline in 2007 of 2 Evaluation 
Research it climbed to 5 Evaluation Researches in 2010. After that follows a period 
where the number of done Evaluation Research goes down, then up, once again down to 
finally reach the highest number of 8 Evaluation Researches done in 2015. 

 

Figure 13. Distribution of most frequent research types over time. 
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Most of the studies that report on a research method report doing one or several Case 
Studies (34/80). All of the case studies did evaluation research mostly of frameworks, 
methods, or techniques. Five of the case studies that did evaluation report on lessons 
learned (S3, S19, S35, S50, S54, S72), one on guidelines (S42), one contributed with a 
metric (S21) and one with a model (S77). The list of the remaining 25 case studies is: 
S5, S8, S11, S14, S15, S17, S18, S22, S25, S27, S30, S36, S38, S44, S45, S53, S55 – 
S59, S61, S70, S71, and S76. 

However, not all studies report clearly the used research method. In those cases, 
(37/80), the research method was marked as “not reported” in the data extraction form. 
In one study, the researchers did Action Research (S51). Its research type is evaluation 
research and it contributed with framework/method/technique and also lessons learned. 
Many of the case studies included a survey, but in one study the survey is the main 
method. The study (S4) doing a survey report lessons learned after conducting 
evaluation research. Three studies were deemed using a Mixed Method (S1, S2, S39) 
and in four studies the researchers do Experimentation (S9, S13, S24, S40). These are 
the previously mentioned validation research studies. The bar chart of Figure 14 shows 
the numbers of different research methods used. 

 

Figure 14. Number of different research methods used. 

The fact that there is a very high number of solution proposals and evaluation of 
solutions also indicate that it is well known how alignment can be achieved. The 
number of proposals and evaluation has risen in the recent years. This indicates that 
there is a growing interest towards alignment. The high number of case studies could 
imply that the interest is in practical settings. Also the fact that there is a very high 
number of studies that do not report clearly on the used research method could indicate 
that practitioners are the intended audience. 

4.5 RQ 5. What kind of contributions are provided by the studies 
relevant to alignment of RE and ST? 

The number of extracted contributions (98) is higher than the number of studies in data 
extraction (80), since some studies provide two contributions. 14 studies contribute with 
Framework/Method/Technique and Tool (S6, S8, S9, S11, S13, S14, S22, S25, S32, 
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S44, S60, S61, S67, S75), two studies contribute with Framework/Method/Technique 
and Model (S1, S28), one study with Framework/Method/Technique and Lessons 
Learned (S51) and the contributions of one study is Framework/Method/Technique plus 
Metric (S57). 

As can be seen from Figure 15 the by far most frequent contribution is 
Framework/Method/Technique, at 60% (59/98) of all extracted contributions. The 
second highest contribution is Tool (16 studies) and the third highest Lessons Learned 
(13 studies), representing 16% and 13% of all contributions respectively. The 
contribution types Advice/Implication and Model are provided in three studies both 
(Advice/Implication: S29, S34, S43, Model: S1, S28, S77), two studies contribute with 
metrics (S21, S57) and there is one study providing a theory (S2) and one providing 
guidelines (S42). 

 

Figure 15. Number of contribution types presented in the studies. 

Additionally, the frequencies of the different contribution types were inspected. The 
results show that the graph representing the frequency of the contribution type 
Framework/Method/Technique, in Figure 16, resembles the graph showing the number 
of publications each year in Figure 8 in section 4.1. This is not surprising since 
frameworks, methods or techniques are provided in over half of the studies. The 
contribution type Tool seems to peak at 3 to 4 studies every 4th year starting in 2006. 
What more is interesting is that the number of contribution type Lessons Learned has 
started to climb after 2014, which indicates that alignment efforts have been applied and 
they have been studied to provide others information. Note that the Y – axis of the two 
top most graphs in Figure 16 ranges from 0 to 10 and for the rest of the graphs the range 
is 0 to 5. 
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Figure 16. Distribution of different contribution types over time. 

In accordance with the earlier presented finding, that most studies present more 
technical approaches, also here the great number of contributions of type framework, 
method or technique is the most frequent contribution type. This indicates that the 
methods and techniques that are needed for improved alignment are well understood 
and also that there are many ways of achieving this, i.e. the results would imply that 
there is, at least at the moment, no one best framework, method or technique to realize 
alignment. What should be noted is that all other contribution types are very scares. 
Even the second and third highest contributions of tool and lessons learned fall far 
behind the number of frameworks, methods or techniques. Regarding tools, it should, 
however, be noted that even though the number of studies focusing on tools is relatively 
low, tool support is still not that scares. Many of the studies contributing with 
framework, method or technique that focus on, e.g., test generation, also aims to 
automate the process. This of course require tools, however, these studies include tools 
already in use. Still, taking into account the reported challenges regarding tool support, 
the low number of contribution type tool is a concern. 

Even though it has been repeated throughout this thesis, that the concept is well 
understood, there are just a few studies presenting advice/implications, guidelines, or 
lessons learned. This is very contradicting. However, the number of contribution type 
lessons learned seems to be rising steadily. The reason for this might be that since the 
interest towards alignment have risen in the recent years, the practices and techniques 
have been applied in industry just recently and the results are just starting to show. If 
this is the case, then the number of contribution type lessons learned could be expected 
to rise in the coming years and with that, eventually, the number of contribution types 
advice/implication and guidelines will start to rise. 
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4.6 RQ 6. What are the potential research gaps and future research 
directions? 

This section identifies gaps in research and potential directions for future research. This 
will be done reflecting on the findings of the previous research questions. In addition, a 
bubble chart is presented in Figure 17 showing the number of different contribution and 
research types in each group of how alignment is proposed to be supported from RQ2. 
This map can show potential gaps in research. 

 

Figure 17. Bubble chart of approaches to support alignment. 

As can be seen from the bubble chart of Figure 17 the highest amount of contribution 
comes from frameworks, methods and techniques that support alignment through test 
generation from requirements specification. The next highest amount of research focus 
on improved traceability followed by V&V in RE and formalization of requirements, 
which has gotten a nearly equal amount of attention. What is also worth noticing is that 
tool support is also taken into consideration in some of the presented solutions. 
However, there are relatively few tool support contributions compared to frameworks, 
method and techniques, which is a concern since tool support was identified as a 
challenge. Especially work regarding tools or tool environments that can be used 
throughout the whole development process to answer the challenge of heterogeneous 
tools. 

The bubble chart of Figure 17 also shows that there are very few instances of 
contribution type Advice/Implication (3) and Guidelines (1). This was also identified in 
the previous research question. This could imply that even though many approaches 
have been evaluated in industrial settings, they have not been applied in practice and 
studied to the extent that good general guidelines can be given. This is also reflected by 
the low number of contribution type Lessons Learned (6) and research type Experience 
Reports (3) in the right side of the bubble chart. The same conclusion can be drawn 
looking at the topics in the Y-axis of the bubble chart, since there are relatively few 
practices that have been proposed to support alignment. More studies regarding use of 
proposed solutions and practices are required to be studied in industrial settings 
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Validation research is also very scares. Out of the 12 approaches to improve traceability 
2 approaches have been validated, and 1 out of the 10 studies focusing on formalization 
of the requirements have done validation. When that information is compare with the 
fact that only 1 out of the 25 studies focusing on test generation from requirements 
specification includes validation, it could be said that validation is almost non-existent 
in that focus group. Therefore, mostly all of the presented solutions have been tried out 
in practice but almost none of them have been studied rigorously by scientific means. 
Also the number of contribution types Model (3) and Theory (1) are very low. Proposed 
solutions have been tested in industry but aggregation and synthesis of the result to 
produce theories and models have been done to lesser extent. 

Contribution type metric occurs only twice, of which one focus on test coverage over 
requirements and the other on test progress. Much more work could be done regarding 
metrics and in particular some sort of metric for measuring alignment is missing. 

One issue that cannot be seen in the bubble chart is reported benefits. In research 
question 3 about benefits and challenges could be seen that the challenges are well 
understood and have been researched but only two studies reported on actual benefits of 
alignment. The argumentations for why improved alignment is beneficial are very 
convincing and the benefits are easy to conceive of, but there is still very little evidence 
of benefits in industrial practice. 
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5. Discussion 

This systematic mapping study was done to give a structured and comprehensible 
overview of the contributions regarding the topic of alignment of RE and ST. In order to 
characterize the state of the art of alignment six different research questions were 
answered. The research questions regarded publication intensity, what approaches are 
presented to support alignment, in what context have alignment been applied and what 
are the effects in terms of benefits and challenges, what are the research types and 
methods in research, what are the contributions, and what are potential future directions 
for research. This chapter gives an overview of the research questions and their 
findings, a comparison to the previous mapping study is given, limitations are discussed 
after presenting implications, and finally recommendations for future research is made.  

5.1 Overview of RQs and findings and their implication 

The 1
st
 research question was about publication intensity and trend. It was found that the 

greatest number of studies have been published between in the period of 2006 – 2010 
with a slight decrease in the following 5-year period. The number of journal or 
magazine publications have, however, risen in the recent years and dedicated annual 
workshop, starting in 2014, shows that there is an interest towards the topic. 

The 2
nd

 research question studied how the publications support alignment. Most of the 
publications were more technical presentations of different techniques to improve 
modeling of requirements, formalization of requirements, verification and validation in 
requirements engineering, traceability and generation of tests based on requirements 
which showed to have gotten the most attention. A few studies presented practices to 
support alignment and an assessment framework for assessing alignment was also 
introduced. It would seem that it is well understood what kind of techniques and 
practices can be used in different parts of the development process in place to improve 
alignment. 

The 3
rd

 research question regarded domains and reported benefits and challenges. 
Alignment techniques and practices had been applied in a variety of domains but the 
automotive industry was most frequently reported domain. The automotive industry 
deals with large and complex systems with a great number of requirements and in 
addition the automotive software is safety critical, thus it would seem that alignment of 
RE and ST is particularly important for the automotive industry and it might gain great 
benefits of better alignment. There are many diverse challenges reported regarding 
different aspects and different phases of the development process. Some studies of 
challenges focus on the whole of the development process while others report 
challenges regarding different practices. The reported benefits are very scares with only 
2 studies reporting benefits. The number of challenges also indicate that it is well 
known what is needed for alignment but the low number of reported benefits show that 
the effects of alignment have not yet been studied to any greater lengths. 

The 4
th

 research question asked what are the most frequently applied research types and 
research methods. Almost half of the studies had research type evaluation research and 
not many fewer studies presented solution proposals. Only a few studies did validation 
research and experience reports were equally scares. Almost half of the studies did not 
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report clearly on any research method and from those that did, the majority reported 
doing case studies. There is very little experimentation, 4 studies report doing 
experimentation. In that light, almost half of the studies proposed solution and evaluated 
those solutions in industrial settings. Also this indicates that the concept of alignment is 
understood and it is known what kind of techniques could be used for better supporting 
alignment. 

The 5
th

 research question regarded contributions of the studies. Nearly ¾ of the 
contributions were of type framework, method, technique. Tools and lessons learned 
was the contribution in 16 and 13 studies respectively and contribution types model, 
advice/implication, metric, theory, and guideline were very scares. Once again it is 
understood what kind of technical solutions support alignment, but applicability of 
those solutions in practice have not been studied in any greater detail since, although 
there are studies reporting lessons learned, there are not many guidelines.  Only one 
study presents guidelines. 

The last, 6
th

, research question elicited future directions of research. Even though tool 
support was the contribution of 16 studies, tool support was mentioned as a challenge 
several times. Many of the tools encountered focused on e.g. traceability and the 
automation of test generation. A few studies do consider tool environments that 
encompass the whole of the development process, but since the heterogeneous tools 
were mentioned in the challenges, more work could be done regarding tool support. As 
mentioned above there is a low number of guidelines and not many contributions of 
type advice/implication. The techniques and practices applied in industry, and the effect 
thereof, need to be studied more. The low number of reported benefits is also an 
indication of this. On the other hand, these low numbers could also indicate that the 
effects of alignment have just begun to show.  More rigorous scientific research in the 
field of alignment is needed since the number of validation research is very low. More 
work could also be done regarding metrics. Studies focusing on test generation takes, 
many times, also test coverage of requirements into consideration, but there are not any 
metrics for the alignment itself. 

The main implication seems to be that alignment is very important for an effective and 
successful development project. This alignment is understood to be achieved through a 
closer collaboration of RE and ST and that the early phases of a development process 
are very critical. Taking into account all the proposed approaches and appropriate tool 
support, i.e., approaches and tools for formalization of the requirements, for generating 
tests, for transforming requirements models to design models and to code, it would 
seem that the only important activities would be to elicit the right requirements and to 
verify that they are correct. The rest of the production is just automation. 

Despite the presented idea, which is more or less taken as a fact today, that RE is very 
important for success in software development, one study inspected cases where the 
importance of RE is downplayed and still are successful. Also, even though the majority 
of the studies propose a closer collaboration between RE and ST, still one study 
presented an approach very contrary. An approach where information is shared through 
a minimalistic interface between RE and ST and where the people of either phase 
doesn’t have to know about the work of the other. This implies that the interplay of 
requirements and testing is not fully understood and that there are other ways of 
achieving success in development. 
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5.2 Comparison to existing mapping study 

This mapping study into this concept is not the first of a kind. Barmi et al. (2011) 
conducted a mapping study on the same topic in 2010. The intention of the previous 
mapping was initially on the topic of alignment of non-functional requirements and 
testing but was later expanded to include also functional requirements (Barmi et al. 
2011). Later Unterkalmsteiner et al. (2014) pointed to relevant studies that were not 
included in the mapping study saying that the work by Barni et al. did not succeed in 
capturing all relevant studies. 

Barmi et al. (2011) found 35 studies in their mapping study. In this mapping study the 
number is 80. That is an increase in number of articles by 129% (80/35). The search by 
Barmi et al. included studies between 2001 and November 2010, while the search of this 
thesis was only limited by the search date of Dec 21

st
/22

nd
 2015. However, it was found 

that not all of the additional 45 studies were published after 2010. Two of the studies 
were published before the timeframe of search by Barmi et al. and 13 additional studies 
were found that were published during that timeframe. For the same time period that is 
an increase by 37% (13/35) with respect to the number of studies in the previous 
mapping study. 30 studies have been published since the previous mapping study. 

Barmi et al. (2011) found that only 14% of studies were mature enough to be published 
in journals. In this study that number is found to be 26% for publications from before 
2011 and 27.5% of all studies in this mapping study. Thus it could be said that the field 
has experienced maturation. The results regarding research and contribution types of 
this mapping study is different from the results of the previous mapping study, however, 
the results may not be directly comparable since it would seem Barmi et al. used a 
different classification schemes for this purpose. It can still be said that the focus 
regarding research type has shifted form solution proposal to evaluation research as was 
called for by Barmi et al. In the previous mapping study, the authors also called for 
more work on tool support but this has not been answered since the number of 
contribution type tool has increased only slightly (13 vs. 16). The classifications of foci 
of the studies are not comparable since the perspective is completely different in this 
mapping study. Barmi et al. focused more on reporting techniques of the studies while 
in this mapping study the respective research question focused on how alignment is 
supported in the studies. 

5.3 Implications 

A systematic categorization of the research regarding alignment of RE and ST is given 
in the presented work to give an overview of the field. The main contribution is the 
logical structuration of contributions as a structured body of knowledge and a collected 
list of the relevant studies facilitating the access to these studies for practitioners and 
academics alike. Gaps in research have also been identified to aid the direction of future 
research. 

5.4 Limitations 

This mapping study was conducted in a systematic manner to try and cover all possible 
studies relating to the subject of research. Still the main limitation regards the conducted 
search. It cannot be guaranteed that all relevant studies have been found since the search 
was limited to certain databases. There is a possibility that some relevant studies can be 
found through databases not included in the search of this mapping study. Even though 
snowballing was conducted to try to capture additional studies it is not certain that all 
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have been found. The fact that additional relevant studies where found through manual 
search of the dedicated workshops confirms the limitation of database search and 
snowballing. Another possible limitation regarding search is that PICO (Population, 
Intervention, Comparison and Outcome) (Kitchenham & Charters, 2007) was not used 
in the definition of keywords. However, it should be noted that it is not realistic to 
include all possible studies, but a good sample of the population (Wohlin et al. 2013). 
Fewer studies is a better option than more studies if the fewer give a better 
representation of the population, however, reflection on this can be very limited 
(Petersen et al. 2015). 

The limitation in classification of the studies regard whether the classification was 
biased by the previous mapping study or not. The classification of studies done is 
different compared to the previous mapping study, so it was not biased in that respect. 
However, there are many different ways of classifying the focus of the studies. The 
classification done here is based how alignment was proposed to be achieved in the 
study under inspection and on what parts or aspects of the development process was 
emphasised more. A completely different classification is possible by just taking a 
different perspective and even if someone would take the same perspective and try to 
classify the studies in same manner, the end result might still look different. Especially 
when classifying the approaches since the reading of the studies is a subjective process. 

Another limitation of this mapping study is that no quality assessment has been done on 
primary studies. Quality assessment determines the rigor and relevance of the primary 
studies and is of more importance in systematic literature reviews than mapping studies 
(Petersen et al. 2015). However, quality assessment could be made on the primary 
studies of this thesis to evaluate the findings. 

5.5 Recommendation for future research 

Even though the majority of the research propose to tighten the link between RE and 
ST, and the majority of research agree on that the RE phase itself is very important in 
software development, a couple of studies presents contradicting ideas. Thus the 
interplay of RE and ST could be further researched in order to get an even better 
understanding. Tool support still seems to be an issue that could be given more 
attention. Especially tools that can be used throughout the whole development process 
to answer the challenge of heterogeneous tools. Also if automation of the whole process 
were to be increased more work need to be done regarding tool support. 

One other issue that have gotten very little attention is metrics. Although some studies 
present approaches and tools to measure tests coverage over requirements and although 
two studies work with an assessment framework for alignment, there are no good 
metrics for alignment itself. The presented assessment framework for the assessment of 
alignment through identifying nodes and links could possibly be used as a measure of 
alignment, however, what is the correct number of nodes and links in what size of an 
organization? The theory of distance in by Bjarnason and Smolander et al. (2015) could 
be used for measuring distances between different development units and this could also 
be used as an indicator for the quality of alignment. Perhaps the theory of distance could 
somehow be combined with the REST-bench assessment framework. 

The fact that there are only two studies reporting on actual benefits of alignment in 
industry indicates that more studies are needed to show the realized benefits and 
possibly even discover new challenges. The arguments for the benefits are very 
convincing, but since alignment deals with the whole development organization on 
different levels, including top management level and techniques on production level and 
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also possibly different outsourced units, the interplay of affecting factors becomes very 
complex. More research is needed to prove the benefits of alignment efforts and 
possibly also to show which kind of practices are appropriate in which domain, e.g. 
industry vs. service oriented public domains. 
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6. Concluding remarks 

Development of complex software can be made more manageable through separation of 
activities into different phases. The phases of requirements engineering (RE) and 
software testing (ST) are at the opposite ends of the development process and many 
times detached and far from each other. Since both of these phases provides a 
complementary view of the system, it would be beneficial to have a closer collaboration 
between RE and ST. The concept of bringing RE and ST closer to each other is referred 
to as alignment of RE and ST. This alignment of activities can be achieved through 
applying certain practices where requirements engineers and testers work in closer 
collaboration and through improving communication between the two phases. One of 
the most important practice is to start working on verification and validation as early as 
possible in the RE phase of the development. 

In this thesis a systematic mapping study is presented that structures and classifies the 
research regarding alignment of RE and ST. All in all, 80 studies where found through 
search of databases, snowballing and manual search up till the end of 2015 that could 
answer the question; What is the current state of research on the topic of alignment of 
RE and ST? The primary studies of this mapping study have been published in many 
different journals or magazines, conferences and workshops and thus provides this 
mapping study an inventory of relevant studies. 

 Inspecting the intensity of research showed that the number of publications had risen 
sharply between 2006 and 2010 after which there has been a slight decrease in the 
number of publications. However, the number of journal/magazine publication and the 
number of evaluation research has increased during the recent years. Most of the 
published studies focus on technical issues contributing with approaches to model, 
formalize and verify requirements, generating tests from requirements and improving 
traceability. Some studies focus on practices, both organizational and process related 
practices. Also a taxonomy for alignment of RE and ST have been given together with 
an assessment framework for identifying opportunities for improving alignment, and a 
theory of distances within a development project that affects practices and alignment of 
RE and ST. 

A variety of different domains have been reported in the primary studies with the safety 
critical automotive domain being the most frequent domain of research regarding 
alignment. Many challenges have been identified for efforts of alignment but the effects 
in form of benefits are scares. Still it has been found that the development of software in 
various domains and industry can benefit from aligning RE and ST activities in terms of 
both project and product quality and increasing the effectiveness of both RE and ST 
activities. Nearly half of the primary studies focus solution proposal in the form of 
frameworks, methods and techniques that are evaluated in case studies. 

More research is needed to learn from alignment efforts in practice for the purpose of 
producing guidelines for alignment and more actual evidence of the benefits of 
alignment. More work is also needed regarding tool support that takes into 
consideration the whole development process to answer the challenge of heterogeneous 
tools. Studies that address metrics, mostly deal with tests coverage over requirements, 
thus more work is needed regarding metrics of alignment itself. Scientific rigor should 
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also be emphasized since the number of research type validation is very low amongst 
the primary studies. 
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Appendix B. Data extraction protocol 

 Generic Data Property 
The generic data properties are extracted directly out of the excel sheet of 
included studies after the correctness of information has been checked. Scopus 
database is used for checking the general data property. In unclear cases Google 
and Google scholar is used for finding further information about reference type 
and the publication venue. The reference type is the type of publication where 
the study has been published. It can be either a book, journal or a conference 
paper. 

o Research Intensity  
 Publication Year 
 Reference type 

 Content 
The content of all included studies will be studied in more detail. The attributes 
listed below will be extracted. 
o Research Focus 

 The main focus of the studies will be extracted based on a keywords 
or a higher level concepts presented. Examples of foci can be 
practices, communication, different techniques, methods or 
frameworks through which alignment of RE and V&V can be 
achieved, challenges regarding alignment of RE and V&V, test 
automation, traceability and so forth. Also the relation of the focus 
with respect to alignment of RE and V&V will be decided. It can 
be an enabler or it can be more generally about alignment of RE 
and V&V 

o Benefits & Challenges 
 Reported benefits and challenges of alignment of RE and V&V will 

be extracted. This data is collected in a separate document with 
reference to the study it was extracted from. 

o Application Domain 
 The domains in which the study of the studies have been conducted 

will be extracted if reported. If no domain has been reported it is 
classified as na (not applicable). 

 Methodological 
Data regarding the methodologies of the studies will be extracted. All studies 
should have research type and contribution type. A clear research method might 
not always be applicable. In that case research method is classified as na. 

o Research Type 
 Use definition by Wieringa et al. (2005) 

 Table B1 on next page 
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Table B1. Research type facet (Wieringa, 2005) 

Research type Description 

Evaluation Techniques are implemented in practice and an evaluation is conducted. Implementation 
of the technique is shown in practice (solution implementation) and the consequences of 
the implementation in terms of benefits and drawbacks (implementation evaluation) are 
demonstrated. 

Validation Techniques investigated are novel and have not yet been implemented in practice. The 
investigation uses a thorough, methodologically sound research setup, using for example 
experiments, prototyping, formal analysis, and similar. 

Solution proposal A solution for a problem is proposed, the solution can be either novel or a significant 
extension of an existing technique. The potential benefits and the applicability of the 
solution are shown by a small example, or demonstration, or as a thorough line of 
argumentation. 

Philosophical 
argumentation 

These primary studies sketch a new way of looking at existing things by structuring the 
field in form of a taxonomy or conceptual framework. 

Opinion These primary studies express opinions whether a certain technique is good or bad, or 
how things should [have] been done, and similar. They do not rely on related work and 
research methodologies. 

Experience report Experience reports explain what and how something has been done in practice, for 
example case studies, surveys, and similar research from empirical software 
engineering. 

 
o Contribution Type 

 Definition used here is adapted from Software development in 
startup companies: A systematic mapping study by Shaw, (2003). 

Table B2. Contribution facet (adapted from Shaw, 2003). 

Contribution type Description 

Model Representation of an observed reality by concepts or related concepts after a 
conceptualization process. 

Theory Construct of cause-effect relationship of determined results. 

Framework/ 

method/technique 

Models related to constructing software or managing development processes. 

Guidelines List of advices, synthesis of the obtained research result. 

Lessons learned Set of outcomes, directly analyzed from the obtained research results. 

Advice/ 

Implication 

Discursive and generic recommendation, deemed from personal opinion. 

Tool Technology, program or application used to create, debug, maintain or support 
development processes. 

Metric A metric is deemed as contribution type if the study specifically presents a metric that 
can be used to measure the state of RE and V&V alignment. 

 
o Research Method 

 The applied research method of the study is recorded, for instance, 
case study, experimentation, survey, design research, etc. If no 
research method is mentioned or the research method is not 
clearly extractable, research method is classified as na. (not 
applicable). If study applies several research methods or a 
combination of research methods, the research method is 
classifies as mixed method. 
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 Appendix C. Extracted benefits and challenges 

Table C1. Benefits and challenges extracted from S3, Kukkanen et al. (20009) 

Benefits Challenges 

B1 Improved control and estimation of 
project cost and schedule through 
improved planning of testing 

C1 The requirements change process during which test 
cases must be kept up-to-date 

  C2 The danger of testing becoming requirements-based 
testing only 

 

Table C2. Benefits and challenges of alignment practices extracted from Uusitalo et al. (2008). 

Practice: Early tester participation 

Benefits Challenges 

B2 Testing activities are properly taken 
into account in planning 

C3 Testers are rarely available during this early stage of 
the project because they are assigned to other 
projects. 

B3 Testers’ domain and system 
knowledge are improved because of 
additional exposure to the subject 

C4 Distributed development 

B4 Requirements quality is improved C5 Limits imposed by the applied software development 
process 

Practice: Tester participation in requirements review 

B5 Help surface deficiencies and 
omissions in requirements 

C6 Suggestions made by testers may be in the wrong 
scope and contain too specific information 

B6 Help discover requirements that will 
be difficult to validate 

  

Practice: Test traceability to requirements 

B7 Improved test coverage C7 The traceability between requirements and test rarely 
maintained in practice (no updating during change) 
maintaining 

B8 Efficiency of change management is 
improved 

C8 Lack of good enough tool support 

B9 Error removal is more efficient C9 Poor quality of the requirements 

Practice: Linking tester with requirements owners 

B10 Reduce assumptions made by testers C10 The authoritative source of information may be 
unavailable or overloaded 

B11 The ability to progress despite lower 
quality requirements 

  

B12 Increased reliability of test results 
and subsequent products 

  

Practice: Requirements suggestions made by testers 

B13 Testability and possibilities for test 
automation is improved 

C11 Requirements writers reluctant to adding new 
features towards the end of the requirements process 

B14 Reduced testing effort C12 More weight is given to opinions and suggested 
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features of customers and users than testers 

B15 More likely that testing will be 
completed both in time and within 
planned scope and scale 

  

General benefit 

B16 improved likelihood of products 
satisfying customer needs 

  

 

Table C3. Challenges of alignment reported by Sabaliauskaite et al. (2010). 

Organizational and process related issues 

C13 The requirements and verification processes are separate processes 

C14 Frequent process changes negatively influence alignment 

C15 Distance in time between the development and test artefacts can create alignment problems 

C16 Gaps in communication across different organizational units often occur in a large company 

C17 Implementation of process improvement is time consuming 

People related issues 

C18 Professionals do not always have good technical knowledge and understanding about the work of 
other units 

C19 Lack of cooperation between requirements people, developers and testers is affecting the alignment 

Tool issues 

C20 The lack of appropriate tools influences the alignment 

C21 It is important to keep the requirements database updated 

C22 If there is no tool to collect customer needs, it is difficult to keep them aligned with requirements, 
hence with test cases as well 

C23 In cases when requirements and testing artefacts are stored in different tools, there is a need of good 
interfaces between these tools 

C24 If the mapping between requirements and test cases is not presented in a clear way, it could contain 
too much redundant information 

Requirements process related issues 

C25 Requirements sometimes are not given enough attention and consideration by other organizational 
units 

C26 Not having a good way of managing customers’ needs make it more difficult to define requirements 

C27 Requirements engineers do not think about testability of requirements 

C28 Dealing with quality requirements is a difficult task 

C29 It is difficult to maintain alignment in organizations working with a large set of requirements, when 
the number of requirements reach tens of thousands or more 

Testing process related issues 

C30 Sometimes testers lack clear directions on how to proceed with testing 

C31 In case several organizational units are involved in testing, the cooperation between them is crucial 

C32 There is a lack of verification at early development stages, especially of quality requirements 
verification 

C33 It is inefficient to maintain alignment of requirements and test cases due to the large amount of test 
cases 

C34 It is difficult to get requirements people interested in having good quality test cases 

Change management issues 
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C35 It is sometimes difficult to find the people responsible, if a change occurs, if a defect is found, or if 
there is a need of further information 

C36 There is a lack of strategy in deciding which changes to implement in case there is not enough time 
or resources to implement all changes 

C37 The information about changes is not always timely updated in the requirements database 

Traceability issues 

C38 There is a lack of links between requirements and test cases 

C39 If traceability between requirements and test cases is not maintained, testers keep testing 
requirements that have been removed 

C40 Having large legacies implies that a lot of test cases do not have requirements linked 

C41 Ideally, alignment should be implemented and maintained at all abstraction levels of requirements 
and verification processes 

Measurement issues 

C42 Due to the lack of experience in using measurements, it is difficult to define appropriate metrics or 
indicators 

C43 There is a lack of alignment related metrics 

C44 Key performance indicators (KPI) and metrics should be appropriate at both operative, as well as, 
top management level 

C45 Sometimes target values for metrics and indicators are defined without a business case, not based 
on historical measurement data 

 

Table C4. Challenge extracted out of S50 by Bjarnason and Unterkalmsteiner et al. (2015) 

Challenge 

C46 The coordination of evolving requirements poses a challenge in aligning these with later 
development activities including testing 

 

Table C5. Challenges as reported in S54 by Bjarnason et al. (2014) 

Challenges 

C47 Aligning goals and perspectives within an organisation 

C48 Cooperating successfully 

Good requirements specification quality related challenges 

 C49 Defining clear and verifiable requirements 

 C50 Defining complete requirements 

 C51 Keeping requirements documents updated 

Verification and validation related challenges 

 C52 Full tests coverage 

 C53 Defining good verification process 

 C54 Verifying quality requirements 

C55 Maintaining alignment when requirements change 

Requirements’ abstraction levels related challenges 

 C56 Defining requirements at abstraction level well matched to test cases 

 C57 Coordinating requirements at different abstraction levels 

Traceability related issues 
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 C58 Tracing between requirements and test cases 

 C59 Tracing between requirements abstraction levels 

C60 Time and recourse availability 

C61 Managing large document space 

C62 Outsourcing of components or testing 
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Appendix D. Domains and systems 

Domain/System Number of studies The studies 

Telecommunication and Mobile Devices 11 S1, S2, S5, S11, S32, S42, S45, 
S46, S50, S54, S59 

R&D in industry, manufacturing 1 S3 

Computer/Network/Enterprise Security 1 S4 

Sports Instruments 1 S4 

Consultancy service 5 S2, S4, S50, S54, S68 

Bibliographic systems 1 S6 

Automotive 15 S2, S7, S23, S30, S33, S36, 
S39, S41, S53 – S56, S70, S71, 
S78 

Virtual meeting / on-line conference 3 S8, S18, S66 

Enterprise IT 1 S10 

Electronic transaction 1 S10 

Service oriented systems 2 S11, S22 

Space application 3 S13, S25, S76 

Game 1 S14 

ATM 2 S14, S18 

e-commerce 2 S12, S15 

Manufacturing automation 1 S16 

Railway 3 S2, S17, S54 

Computer networking 4 S2, S18, S50, S54 

On-line booking system, e-commerce, 
travel 

1 S20 

Software product development 1 S80 

Defence 2 S39, S68 

eID / smartcard 3 S44, S58, S61 

Chat system 1 S57 

Production software 1 S57 

Administrative system 4 S63, S67, S72, S79 

e-ticketing, e-commerce, travel 1 S74 

Avionics 6 S18, S21, S23, S38, S39, S49 

Health care 1 S76 

Insurance  1 S76 

Not mentioned 23 S9, S19, S24, S26, S28, S29, 
S31, S34, S37, S40, S43, S47, 
S48, S51, S52, S60, S62, S64, 
S65, S69, S73, S75, S77 
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