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Abstract 

Software development in the complex environment in the automotive industry puts high pressure 
on developers to develop high quality and robust software aligned to customers’ requirements. 
High quality software is foremost ensured by conducting software testing of the product under 
development. However, software testing in the automotive industry poses challenges of testing 
early in the development process, due to the limits of conducting tests in full-scaled vehicle 
environments. This challenge needs to be addressed for software development teams developing 
software that communicates with the complex on-board embedded system in vehicles. This study 
has been conducted in a case study approach at Scania CV AB in Södertälje in order to 
understand drivers to defects that emerge in finalized software products. Defects and drivers to 
defects found in finalized software products have been identified by conducting interviews with 
the SCPT-team responsible for the development of the product Escape. Escape is delivered to the 
production department and enables functions such as calibrating, set parameters, and run quality 
assurance tests on the on-board embedded system in vehicles. 

 

The identified defects and drivers have subsequently been discussed with experienced 
professionals and researchers within software testing. This provided applicable testing 
techniques and activities to undertake in order to address the identified drivers causing defects in 
finalized software products. The contribution of this study highlights the importance of 
incorporating software testing in early development phases in complex embedded systems as 
defects are more costly to correct the later they are identified. Static analysis tools have further 
been found to provide a suitable support to address the immense number of possible parameter 
combinations in vehicles. Furthermore, Software in the Loop environments have been found to 
be an applicable way of incorporating integration testing and system testing earlier in the 
development phase enabling identification of interoperability defects generally found late in the 
development process. Including persons responsible for testing the software in early 
requirements discussion has further been found to be of great importance as it minimizes the risk 
of misunderstandings between customers and developers. 
 
Key-words: Software Testing, Automotive Industry, Embedded Systems, Risk-based Testing, 
Static Analysis Tools 
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Sammanfattning 

Mjukvaruutveckling i den komplexa miljön bilindustrin befinner sig i sätter hög press på 
mjukvaruutvecklare att utveckla robusta mjukvaruprogram av hög kvalitet som uppfyller 
kundernas krav. Mjukvaruprogram av hög kvalitet är först och främst säkerhetsställd genom 
mjukvarutestning av produkten under utveckling. Däremot finns det en del utmaningar när det 
kommer till mjukvarutestning av mjukvaruprogram i bilindustrin på grund av den begränsade 
möjligheten till att testa programvaran i helbilsmiljöer. Team som utvecklar mjukvaruprogram 
som kommunicerar med det komplexa inbyggda systemet i fordon måste ta itu med denna 
utmaning. För att undersöka anledningar till att defekter identifieras i mjukvaruslutprodukter har 
denna studies tillvägagångssätt varit en fallstudie på Scania CV AB i Södertälje. Anledningar till 
defekter identifierade i slutprodukter har undersökts genom intervjuer med SPCT-teamet som 
ansvarar för att utveckla och testa produkten Escape. Escape är en produkt som används av 
produktionsavdelningen och erbjuder funktioner så som parametersättning, kalibrering och att 
köra kvalitetstester av det inbyggda systemet i fordon. De identifierade anledningarna till 
defekter har därefter diskuterats med erfarna mjukvarutestare inom både industrin och akademin. 
Det har bidragit till användbara testtekniker och testaktiviteter att ta sig an för att ta i tu med dem 
identifierade defekterna och dess anledningar som bidrar till defekter i slutprodukter. 
Forskningsbidraget från denna studie betonar hur viktigt det är att inkorporera mjukvarutestning 
tidigt i utvecklingsprocessen av komplexa inbyggda system eftersom defekter är dyrare att rätta 
till ju senare de upptäcks. Statiska analysverktyg har visat sig utgöra en användbar hjälp för att ta 
i tu med den stora mängden möjliga parameterkombinationer i fordon. Dessutom har Software in 
the Loop miljöer visat sig vara ett användbart sätt att möjliggöra integrationstestning och 
systemtestning tidigt i utvecklingsprocessen vilket kan identifiera defekter som vanligtvis först 
identifieras sent i utvecklingsprocessen. Involvera personer som är ansvariga för 
mjukvarutestning av produkten tidigt i kravdiskussioner har också visat sig vara viktigt för att 
minimera risken för missförstånd mellan kunder och utvecklare. 

Nyckelord: Mjukvarutestning, Bilindustri, Inbyggda System, Riskbaserad Testning, Statiska 
Analysverktyg 
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1. Introduction 
 
In this chapter an introduction to the research is presented. First, a background to the problem 
is presented in order to communicate the investigated problem’s relation to other areas in a 
system perspective. Secondly, the problem formulation is stated derived from the background to 
present the precise problem that is to be investigated. The third part of the introduction is the 
purpose of the research, which will be attained by answering the presented research questions in 
the fourth part of this chapter. Finally this research’s expected contribution to existing research 
is stated together with the structure of the report. 
 

1.1. Background 
 
The Mars orbiter was in September 1999 lost in space due to what NASA’s Associate 
Administrator for Space Science Edward Weiler explains as People sometimes make errors 
(CNN, 1999). One Engineering team using the metric unit systems while another team used 
English units is argued to be one of the key factors for the loss of the $125 million Mars orbiter 
(CNN, 1999). NASA’s Jet Propulsion Laboratory (JPL) Director Edward Stone believes that 
NASA’s inability to recognize and solve this simple fault caused major implications. JPL 
overseeing the Mars orbiter mission further state that the problem was not the error itself but 
rather NASA’s system engineering, checks and balances in the development processes that did 
not detect the error. 
 
The well cited study conducted by the National Institute of Standard and Technology (NIST) 
concludes an estimated cost for the U.S. economy stemming from software defects to be 
approximately $60 billion per year (Zhivich and Cunningham, 2009). The study concludes that 
detecting and correcting software defects in earlier phases possibly could result in nearly $22 
billion in savings each year. Zhivich and Cunningham (2009) present several examples of how 
software defects not only cost the U.S. economy an immense amount of money, but also 
jeopardize human lives. In today’s society we rely heavily on software programs’ correctness 
and robustness to control systems such as critical infrastructure and medical systems. This puts 
great pressure on developers and companies developing software solutions to produce and 
deliver high quality systems aligned to the customers’ requirements. 
 
In the fast changing software development market it is important to meet customers’ 
requirements but the quality of the system might be surpassed by the constantly changing 
requirements and expectations (Santos et al., 2015). This and the intense competitive pressure in 
the manufacturing industry to decrease time to market of new products makes it challenging to 
deliver software programs on time and within budget (Chakravorty et al., 2014). In order to 
adapt to the constantly changing demands agile methodology has become a widely used practice 
in software development projects. 
 
The collection of agile methods consists of various design practices where methods such as, 
Scrum, Pragmatic Programming, and Extreme Programming (XP) are included (Cohen et al., 
2003). In the beginning of 2001 proponents and mentors of various software development 
methods met to discuss the different methods in order to find common ground (Fowler and 
Highsmith, 2001). The meeting resulted in the agile manifesto, which is a manifesto presenting 
twelve principles of agile software development. To name a few principles, "Continuous 
attention to technical excellence and good design enhances agility", "Working software is the 
primary measure of progress", and "The best architectures, requirements, and designs emerge 
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from self-organizing teams", are among them (Beck et al., 2001; Fowler and Highsmith, 2001). 
The second of the mentioned principles "Working software is the primary measure of progress", 
is strongly related to testing and quality assurance, since in order to ensure working software of 
high quality, the software must be rigorously tested. 
 
Companies developing software solutions implemented in tangible products such as companies 
in the automotive industry, robotic industry, or mobile phone industry to name a few need to 
understand how testing could be conducted in their specific case. Companies in the automotive 
industry develop vehicles with up to 50 different Electronic Control Units (ECUs) functioning, 
as controllers of electronic devices in vehicles. This further puts pressure on automotive 
companies to test software solutions embedded in vehicles to fulfill customers’ requirements and 
expectations. Software testing in this complex environment of hardware components working 
seamlessly together with software systems is difficult because of testability reasons such as 
setting up full-scaled vehicle test environments. This since the vehicle needs to be built in order 
to ensure a high quality of the software product. Thus, it is important to understand how to test 
the software product in order to ensure high quality of the product in this complex environment. 
  

1.2. Problem Formulation 
 
Teams developing software for complex embedded systems need understanding of how to detect 
and solve software defects to minimize the risk of their appearance in their software products. 
The complex environment of developing software for embedded systems with a limited 
possibility to test software in full-scaled environments makes it crucial to understand suitable 
testing activities to minimize the emergence of software defects in finalized software products. 
 
Teams have to find the most important product defects as early as possible in the development 
process in order to solve them at the lowest cost possible (Shaye, 2008). To cope with existing 
issues of defects in finalized software products, proper quality planning and suitable test 
activities are vital in the modern automotive industry. This in order to assure the delivery of 
defect free software aligned to the clients technical, functional, operational, and maintenance 
expectations (Chakravorty et al., 2014). 
 

1.3. Purpose 
 
The purpose of this study is to investigate how teams developing software for complex 
embedded systems should focus their testing activities in order to minimize defects in finalized 
software products. Additionally, this study will present test activities aligned to one of the 
standard methods of agile software development: Scrum (Gloger, 2010). 
 
This study will present suitable test activities in order to minimize the risk of defects emerging in 
finalized software products. Implementation of the presented test activities belongs to a 
subsequent phase and will, due to the scope of this study, not be investigated. Additionally, due 
to the time scope restrictions of this study, it does not intend to evaluate the proposed focus areas 
of test activities in order to analyze improvements in finalized products quality. 
 

1.4. Research Question 
 
The purpose and problem formulation of this study have been formulated in order to capture the 
essential problem and purpose of the study. In order to address the problem formulation and 
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fulfill the purpose of the investigation one main research question and three sub research 
questions have been formulated: 
 
1.4.1. Main Research Question 
 

 How should software testing be focused to minimize defects in finalized software 
products in complex embedded systems in the automotive industry? 

 
1.4.2    Sub Research Questions 
 

I. What are the drivers of defects emerging in finalized software products? 
  

II. What testing techniques are suitable in order to address the identified drivers? 
 
III. What managerial aspects in software development could minimize the risk of defects in 

finalized products? 
 
 

1.5. Expected Contribution 
 
The field of software testing is a widely discussed researched area (Enoiu et al, 2016; Freeman, 
2002). One reason might be the fact that current software development methods have shown to 
possess several flaws when it comes to deliver high quality products in time. Most studies 
conducted in this area have been focused on software testing techniques in order to identify and 
solve software defects as early as possible in the development process. 
 
Only a few studies have been conducted in the field of investigating how established test 
activities should be focused in complex embedded systems in order to minimize the risk of 
defects in finalized software products. Therefore the expected contribution of this study is to 
provide empirical findings in a complex real world context of an embedded system application 
consisting of a combination of elements such as, databases, web applications, and ECUs. 
 
Software development in the automotive industry possesses all of the earlier mentioned 
infrastructural characteristics as it utilizes software applications to operate embedded systems 
onboard vehicles. Furthermore, software testing within the automotive industry’s complex 
environment poses multiple challenges not found in general IT companies. This, since vehicles 
are generally highly customizable in terms of number of ECUs and hardware components 
generating an immense number of possible parameter combinations. The wide variation of 
different vehicle combinations and configurations make it impossible to incorporate testing in 
full-scaled vehicle environments for all possible combinations. 
 
This study aims to investigating how teams developing software for complex embedded systems 
should focus their testing activities in order to minimize defects in finalized software products. 
This could contribute to the existing gap in literature and provide an explanation of suitable test 
activities and managerial implications in order to minimize the risk of these defects. 
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1.6. Delimitations 
 
The research field of software testing is an immense field and due to the size and time limits of 
this research limitations have been made. Firstly a limitation to the development of embedded 
systems in the automotive industry was made. This study is also limited to investigate a desktop 
application utilized to communicate with the onboard embedded system in vehicles. The 
application enables the production department to perform functions such as calibrate, set 
parameter, and run quality assurance tests of different hardware devices onboard vehicles. 
 
Secondly, this study will be holistic in terms of how detailed the proposed test activities and 
techniques will be presented. It will not develop and present specific test suites to use when 
conducting software testing in the development process. The proposed test activities will be 
aligned with one of the main agile software development methods: Scrum. Additionally, the 
proposed test activities will be aligned to already formalized test strategies within the case 
company in order to make future implementation of test activities as seamless as possible. 
 
Moreover, the proposed test activities for development of the software product will solely take 
the case company’s current environment into consideration in terms of testing environment 
possibilities, hardware accessibility, and software product architecture. For instance, current 
software product architecture complicates testing by a number or reasons one being the fact that 
developers test implemented software with a limited access to ECUs, which makes it difficult to 
set up appropriate test environments. Secondly, the investigated team of the case company is 
currently responsible for both developing and testing the software product, which puts high time 
pressure on the developers. Finally, a limitation to investigated teams current team constellation 
has been done. The team exclusively consists of software developers in the development of the 
software product ultimately limiting the team members’ current software test knowledge. Due to 
the fact that the team has full responsibility of developing and testing the software product 
empirical findings of defects emerging in production will primarily be derived from the team 
members’ interpretations of drivers to defects in finalized products. 
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1.7. Structure of the Report 
 
This report is structured in seven chapters described below: 
 
Chapter one the Introduction starts by presenting the background to the field and describes the 
importance of this study. Subsequently the problem formulation and the purpose of the study are 
presented. In relation to the problem formulation and in order to attain the purpose of the study 
one main and three sub-research questions were formulated.  
 
Chapter two the Literature Review introduces related research and prior findings in the research 
field of software development, software testing, and defect identification and definition. The 
chapter concludes by presenting the identified gap in the existing body of knowledge. 
 
Chapter three Method describes the methodological approach and methods used in order to 
gather and analyze empirical data of the phenomena under study. 
 
Chapter four, Overview of Scania and RESP describes Scania’s history and current 
organizational structure together with the complex real-world setting of the RESP-team’s current 
environment. 
 
Chapter five Results and Analysis present empirical findings gathered throughout the process of 
this study together with the analysis of the results. 
 
Chapter six Discussion explains the results and interpretations of the results presented in chapter 
five and further relate them to earlier findings. 
 
Chapter seven Conclusions present this study’s contribution in relation to the purpose and the 
formulated research questions of this study. The limitations of this study are subsequently 
discussed together with a discussion regarding future studies. 
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2. Literature Review 
 
The literature review chapter will present relevant research fields to this study. Firstly, the 
manner in which software is developed generally and in the automotive industry will be 
presented in order to attain a holistic understanding of how software development is conducted. 
Secondly, the manner in which software is tested generally and in the automotive industry will be 
scrutinized in order to understand current processes. Thirdly, identification and definition of 
software defects will be presented in order to attain a unified understanding of software defects. 
Finally, this chapter will present the gaps that have been identified in the existing body of 
knowledge. 
 

2.1. Software Development 
 
Software products are currently developed using a number of different methods, processes, and 
models. The Software Development Life Cycle (SDLC) is defined to be the process of software 
development from its conception to its completion (Dawson and Dawson, 2014). Dawson and 
Dawson (2014) highlights the importance of the testing phase better than other researchers 
(Aitken and Ilango, 2013). They further highlight the importance of distinguishing SDLC from 
Software Life Cycle (SLC), since the latter covers not only the product to its completion, but 
also the entire life of a software product from its conception to its eventual retirement or 
replacement. 
 
Software processes in the highest level of abstraction can be divided into five overlapping, 
consecutive phases, through which all software development to some extent progresses (Dawson 
and Dawson, 2014). The five phases are: Requirements, Design, Build, Test, and Implementation 
(Dawson and Dawson, 2014). Dawson and Dawson (2014) present a visualization of the generic 
SDLC, shown below. 
 

 
 

Figure 1. The generic software development life cycle (Dawson and Dawson, 2014). 
 
All existing SDLC models can be classified into five categories: Build and Fix, Conventional, 
Incremental, Evolutionary, and Throw-away Prototype (Dawson and Dawson, 2014). The Build 
and Fix model is an unstructured process of writing code and fixing it, then repeating the process 
until the software is completed. The Conventional model consists of a series of sequential steps, 
from requirement specification to the eventual implementation of the system. These type of 
models are similar to the stage-gate system generally used by manufacturing companies 
developing physical products (Cooper, 1990). The Incremental approach addresses the problem 
by breaking down the development into small, manageable deliveries. The Evolutionary model is 
similar to the Incremental, as it breaks down the development into incremental deliveries. 
Nonetheless, it revisits the requirements during each incremental cycle as the software is 
developed. The Throw-away Prototype model is similar to the Conventional, as it has a series of 
sequential phases from requirement to implemented product. The difference, however, is how the 
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requirements are communicated. In the Throw-away Prototype approach the requirements are 
presented as a prototype. 
 
The presented SDLC models will provide an understanding of benefits and challenges of 
different types of software development processes in order to understand how software testing 
should be focused. 
 
2.1.1. Scrum – A software development method 
 
Agile approaches are very similar to the Incremental model, with influences from the 
Evolutionary model as they involve revisiting the requirements (Dawson and Dawson, 2014). 
Scrum is an agile method developed by Sutherland and Schwaber (2013), currently widely used 
in the software development (Gloger, 2010). 
 
Scrum is one of the widely used agile software development methods and is described as a 
process that accepts that project development processes are unpredictable and formalizes the “do 
what it takes” mentality (Schwaber, 1996; Cohen et al., 2003).  
 
The scrum team consists of three different roles: a Product Owner, a Scrum Master, and the 
Development Team (Sutherland and Schwaber, 2013). The scrum teams are cross-functional, 
self-organizing teams deciding how the work should be conducted rather than being controlled 
by people outside the team. Cross-functional teams are self-sufficient and possess all capabilities 
necessary to accomplish their work tasks. 
 
Scrum generally includes three phases: the sprint planning and architecture phase, the 
development phase (also called the sprint), and the post-sprint phase (Vlaanderen et al., 2011; 
Cohen et al., 2003; Aitken and Ilango, 2013). During the sprint planning phase the development 
is planned by including product increments, in the form of features and functionality, into the 
sprint backlog (Cohen et al., 2003). Items in the sprint backlog are called tasks. The sprint is 
where the actual development takes place and the sprint backlog is unchangeable during the 
sprint, which means that no new tasks should be included in the sprint backlog (Cohen et al., 
2003). The product backlog is created to provide guidance for what is supposed to be delivered 
at the end of the sprint (Sutherland and Schwaber, 2013). The final phase is the post-sprint phase, 
where the project’s progress is analyzed and discussed by the development team (Cohen et al., 
2003). 
 
To improve the quality of the product, the scrum team plans how improvements could be 
conducted, by adapting the definition of done (Sutherland and Schwaber, 2013). The definition 
of done is crucial and should be agreed upon collectively, as it helps the scrum team to 
understand when product increment work is done. The definition of done should be customized 
to the product under development, and it is important that the scrum team has a shared 
understanding of the definition, as it ensures transparency and quality. 
 
For a more detailed description of the scrum see Sutherland and Schwaber’s (2013) document 
”The scrum guide. The definitive guide to scrum: The rules of the game” or Vlaanderen et al.’s 
(2011) article “The agile requirements refinery: Applying SCRUM principles to software 
product management”. 
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2.2. Software Development in the Automotive Industry 
 
The software development of embedded systems in the automotive industry is increasing in 
complexity each day, as the number of functions is growing at an exponential pace (Socci, 
2015). This puts high pressure on developers designing and implementing software to efficiently 
test functionality, verify performance, and identify defects (Socci, 2015). Automotive 
manufacturers follow the trends, which currently drives developers to implement a Model-Based 
Development (MBD) process (Socci, 2015, Rana et al., 2014). 
 
The MBD process starts by building up an exhaustive model of the system under development 
(Won Hyun et al., 2005). The exhaustive model has to fulfill all the system’s requirements, as it 
has to include electronic, software, and mechanical systems (Won Hyun et al., 2005). 
Furthermore, it is argued that the MBD process can be accelerated through incorporating agile 
development in the V-model (Socci, 2015). 
 
The V-model is a widely used development model for embedded systems and can be seen as an 
extension to the traditional Waterfall development model (Suliman and Nazri, 2014, Socci, 
2015). However, unlike the Waterfall model the V-model has correlating test and validation 
activities for each level, which are visualized in figure 2 (Suliman and Nazri, 2014). The V-
model presented by Homès (2013) consists of four sequential phases: requirement specification, 
general design, detailed design, and coding. 
  

 
 

Figure 2. The V-model (Homès, 2013). 
 
Weber and Weisbrod (2002) specifically stress the importance to attaining defined and 
established applicable requirement specification processes in highly complex fields such as the 
automotive industry. 
 
Embedded systems in the automotive industry can be defined as sophisticated embedded 
systems, since they have enormous software and hardware complexities (Suliman and Nazri, 
2014). They rely on multiple signals, protocols, and embedded software to communicate 
seamlessly with each other, creating extremely complex systems (Shaout et al., 2010). The 
complexity of such systems will be scrutinized and visualized in the next sub-chapter. 
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2.2.1. The Automotive On-Board System Architecture 
 
The on-board embedded system in vehicles contains roughly 200 key functions distributed over 
3000 software components and implemented on 30-40 different ECUs, communicating over 8-10 
different networks (Shaout et al., 2010). Software functions may be implemented on one or 
several ECUs, communicating with different sensors and components over the Controller Area 
Network (CAN) bus (Shaout et al., 2010). An example of the automotive network architecture is 
presented below. 
 

 
 

Figure 3. Automotive Network Architecture Example (Hegde et al., 2013). 
 
According to Weber and Weisbrod (2002), activating the windshield wiper, which can seem to 
be a fairly simple feature, is actually an extremely complex function. However, describing an 
action flow of activating the windshield wiper will not be presented due to trade secrets. 
Visualized in figure 3 is an example of an on-board vehicle network architecture consisting of 
various components such as ECUs, sensors, and CAN-buses. 
 
Furthermore, the combination of software and hardware in embedded systems generates 
difficulties for designers and developers since two parts need to be taken into consideration 
during the development of the system (Suliman and Nazri, 2014). These difficulties are argued to 
be the reason to why no generic development method can be applied to embedded system 
development (Suliman and Nazri, 2014). 
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2.3.  Software Testing 
 
Software testing arose as an empirical activity, and is to this day still an engineering practice 
without a widely accepted theoretical foundation (Hamlet, 2015). However, it is not essential for 
this study to exhaustively scrutinize all available testing techniques due to its scope. 
Furthermore, Majchrzak (2012) argues that even if it was essential for this study, it is nearly 
impossible, due to the high number of testing techniques and the fact that many of them do not 
even have names. 
 
Everett and McLeod (2007d), however, have tried to formalize software testing and divided 
testing techniques into four main approaches, in order to simplify the understanding of when 
each approach is suitable during the software development life cycle: Static Testing, White Box 
Testing, Black Box Testing, and Performance Testing.  
 
However, other authors encourage different categorizations such as dividing approaches between 
functional testing (e.g. white box and black box testing) and performance testing, ensuring the 
software’s maintainability, security, and durability (Wang, 2006; Freeman, 2002). In order to 
attain a holistic understanding of test techniques, Everett and McLeod’s (2007d) categories will 
be used. The main testing approaches will be presented and explained below to give a brief 
introduction and understanding of the core concept of each approach in order to understand 
possible testing activities to incorporate in the development process. 
 
Subsequently risk-based testing will be presented since exhaustive software testing is impossible 
due to several reasons such as time constrains and limited resources, thus suggesting that 
software testing is a selective activity (ISO/IEC/IEEE, 2013a; Everett and McLeod, 2007d). 
Risk-based testing is therefore argued to be a best-practice approach of testing software since it 
allows testing activities to focus on the most important features and quality aspects 
(ISO/IEC/IEEE, 2013b). 
 
2.3.1. Static Testing 
 
Static testing is conducted in the design phase when no executable code is written. Static testing 
techniques involve activities such as inspections, walkthroughs, and presentations for 
identification of defects in the documentation (Everett and McLeod, 2007d). According to 
Everett and McLeod (2007d), 85 percent of all software defects are introduced during the design 
phase of the development, where the documentation of the project is produced. The 
documentation includes components such as requirements, data design, and specifications 
(Everett and McLeod, 2007d). In this phase no actual code has been executed, which means that 
the defects will be found in components included in the documentation. 
 
Furthermore, they state that more time and effort spent on documentation, especially the design, 
requirements, and specifications components, will increase the chance of the developer writing 
satisfying code (Everett and McLeod, 2007d). Additionally, Kim and Sheldon (2004) state that 
the increasing complexity of requirements necessitates the use of formal and rigorous processes 
in validating them to ensure that people understand what they are building. 
 
Majchrzak (2012) also includes static analysis as a technique in static testing, which will be 
explained in the “Static Analysis in the Automotive Industry” sub-chapter. Everett and McLeod 
(2007d) further stress the importance of correcting discovered defects, since defects in the 
documentation will traverse through the whole development process, resulting in even more 
defects in subsequent development phases. 
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2.3.2. White Box Testing 
 
White box testing is a type of test that can be conducted when both source code and executable 
code have been developed and are accessible (Everett and McLeod, 2007d). At this phase it is 
possible to test every single line of code, but since software development projects usually are 
constrained by tight time schedules and limited resources, testing 100 percent of the code is 
generally impossible (Everett and McLeod, 2007d). 
 
Furthermore, Everett and McLeod (2007d) state that a team of developers and testers is the best 
team constellation to conduct white box testing. This is because developers can contribute with 
their knowledge of programming standards, specifications, and logic, enabling access to the 
source code and positive testing in terms of proving that the program is operating as expected 
(Freeman, 2002). 
 
However, negative testing is also a key factor in making white box testing highly efficient to find 
defects, it is here that the testers will contribute (Everett and McLeod, 2007d). Negative testing 
is a type of testing aimed to ensure the error-handling robustness of a software, generally 
conducted through testing invalid input parameters (ISTQB, 2014). Testers provide knowledge 
of negative white box testing strategies, which aim at finding parts of the program that can break, 
in order to ensure that customers cannot break the software (Everett and McLeod, 2007b; Everett 
and McLeod, 2007d). 
 
2.3.3. Black Box Testing  
 
Contrary to white box testing, black box testing is conducted when only the executable program 
and its data are developed and accessible (Everett and McLeod, 2007a; Everett and McLeod, 
2007d). Black box testing is often referred to as behavioral correctness of a program since it tests 
if the program behaves as it should in terms of fulfilling the software requirements and use-cases 
(Everett and McLeod, 2007a; Freeman, 2002). Use-cases is a fairly new technique utilized in 
order to capture the user-functional requirements of the program with the purpose of scoping the 
product (Everett and McLeod, 2007a). 
 
Furthermore, Everett and McLeod (2007d) state that a team consisting of a combination of 
testers, developers, and end-users is the best possible team combination when conducting black 
box testing: testers contributes with suitable test planning and execution within both positive and 
negative testing, end users contribute with knowledge of proper business behavior expected from 
the software, and developers contribute with substantial knowledge of the implemented 
software’s business behavior (which might differ from the end-users’ expectations). 
 
2.3.4. Performance Testing 
 
Performance testing is conducted on full-scaled software once the software has proven to operate 
correctly (Everett and McLeod, 2007d). This type of testing emphasizes response time and 
through-put rather than correctness of the software in order to validate the software’s speed 
compared to software requirements (Everett and McLeod, 2007c; Everett and McLeod, 2007d). 
 
Performance testing is conducted by applying a heavy load on the system, similar to the load the 
system will be exposed to when it is in use (Varela-Gonzalez et al., 2013; Everett and McLeod, 
2007d). 
 
Performance testing is best conducted by experienced testers, due to the fact that testers are 
actually the only team members who understand and can execute the tests correctly (Everett and 
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McLeod, 2007d). It is a complex testing approach and for it to be successfully conducted it 
requires team of experienced testers with a number of testing skills found in the team rather than 
in an individual tester (Everett and McLeod, 2007d). 
 
2.3.5. Risk-Based Testing 
 
The risk management process is a continuous process throughout the life cycle of the system 
under development (ISO/IEC, 2006). The definition of risk is a combination of the consequences 
a specific event will trigger and the occurrence probability of that event (ISO/IEC, 2006). On the 
other hand, Royal Society Study (1992) defines risk as “the probability that a particular adverse 
event occurs during a stated period of time, or results from a particular challenge”. 
 
According to Redmill (2004) both definitions take the probability of a specific event into 
account, however the latter does not take the consequences of the event into account. He further 
states that the first definition considers both quantitative and qualitative measures, deemed 
appropriate when probabilistic methods cannot be justified. Additionally, Fu et al. (2012) present 
a risk estimation matrix of change propagation in coherence with the first definition, displayed 
below. 
 

 
Figure 4. Risk Estimation Matrix (Fu et al., 2012). 

 
Fu et al. (2012) present the risk matrix as means to evaluate the risk of implementing new 
functionality or changed requirements in software development projects. The first parameter, 
titled impact, can be considered to be what ISO/IEC (2006) present as consequences of a 
particular event. The second parameter is the probability of the same event occurring. Redmill 
(2004) presents the possibility to utilize the risk matrix as a decision maker to determine testing 
activities specified for each risk level. The risk matrix can be divided into four quadrants of 
different risks, where quadrant three is of low risk, quadrant two of high risk, and quadrant one 
and four of medium risk. 
 
Risk-based testing have been argued to find additional defects by increasing the range of 
software testing and to target the most critical parts of the software early in the development 
process (Felderer and Ramler, 2014). Redmill (2004) further argues that risk-based software 
testing can be incorporated in order to make testing more effective as well as it can reveal 
problems in the development process that increase or creates risk. Additionally, Souza et al.’s 
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(2010) support Felderer and Ramler’s (2014) findings of risk-based testing enabling testing 
activities to be focused towards the parts of the software more likely to fail as well as it is a cost 
saving approach. 
 
 

2.4. Software Testing in the Automotive Industry 
 
Software developed in the automotive industry is, due to its embedded nature, generally 
developed through the earlier mentioned V-model (Rodriguez-Navas et al., 2015). Full-vehicle 
integration testing is usually conducted by dividing functions and testing scripted scenarios in 
isolation on Software-In-the-Loop (SIL) simulators or Hardware-In-the-Loop (HIL) test rigs 
(Rodriguez-Navas et al., 2015). 
 
Testing software in SIL environments enables a simulation of the software environment of the 
embedded system and an emulation of the hardware environment. The HIL environment enables 
a simulated system environment (e.g. simulated sensor values) with ECUs and their 
corresponding software code. However, this type of testing is conducted through hard-coded test 
scenarios, which limits the variation of how testing is conducted over time (Rodriguez-Navas et 
al., 2015). 
 
In order to understand where software testing can be focused in the development process of 
automotive software, the concepts of the different testing levels in the V-model will be presented 
below. 
 
2.4.1. Unit or Component Tests 
 
The objects under test in this level are restricted to specific modules, functions, programs, 
components, or units of the system under development (Homès, 2013). However, the 
International Software Testing Qualifications Board (ISTQB) separates component testing and 
unit testing with the distinction that unit testing solely tests individual units of source code, 
whereas component testing involves the interface by simulating it in a simple manner (ISTQB, 
2016b; ISTQB, 2016e). The objective is to detect defects in above-mentioned areas. The criteria 
to start testing at this level include available and stable requirements in the form of documents 
describing the detailed design of the functionality (Homès, 2013). 
 
2.4.2. Integration Tests 
 
The integration test level focuses on combining components or units and testing their 
interoperability with different parts of the system such as databases, interfaces, or hardware 
(Homès, 2013; ISTQB, 2016c). Characteristics under test in this level can be either functional, 
focusing on testing the functionality of the software; or non-functional, testing resource usage, 
performance, or robustness (Homès, 2013). 
 
2.4.3. System Tests 
 
System testing focuses on the entire system under development, testing parts such as installation 
of the software, interaction with other systems, or user management and operation of the system 
(Homès, 2013). In system testing the system-behavior is tested in comparison to the 
requirements in order to ensure it operates as expected (ISTQB, 2016d). Testing at this level is 
generally conducted by specialist testers or test teams, testing the functionality in a black box 
approach (Homès, 2013; ISTQB, 2016d). 
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2.4.4. Acceptance Tests 
 
At the acceptance-test level, end-users and stakeholders generally conduct the testing in order to 
validate the confidence of the system (Homès, 2013, ISTQB, 2016a). Thus, acceptance tests 
main goal is not to discover new defects but rather to investigate whether the system fulfills the 
requirements in a confident manner (Homès, 2013). 
 
2.4.5. Static Analysis in the Automotive Industry 
 
The immense number of parameters and large code-sets of automotive software have led to the 
use of static analysis tools becoming a standard practice in the automotive industry (Ranadive et 
al., 2015). Static analysis is generally conducted in early development phases and identifies 
error-prone areas of the software rather than actual defects (Majchrzak, 2012). Furthermore, 
static analysis tools applicability in early development phases enable developers to find and 
eliminate defects even before unit or integration testing is conducted, thus lowering the cost of 
correcting them (Anderson, 2012). 
 
However, Anderson (2012) states that static analysis tools are not perfect as they cannot find all 
defects and will report warnings of false defects, which means that the warnings do not mark 
actual defects. This since a static analysis tool with zero false defects would take eons to 
complete (Anderson, 2012). Moreover, he states that this entails the necessity of triaging, which 
is the process of manually reviewing the identified warnings by the static analysis tool in order to 
distinguish if the warnings are actual defects. 
 
According to Bessey et al. (2010) the precision of the static analysis tool is of great importance 
since if the tool reports more than 30% false defects people tend to ignore it. However, not all 
false defects are equal. Simple false defects tend to give the user a feeling that the tool is stupid, 
thus lowering the incentive of using it, whereas more complicated defects that are difficult for 
the users to understand might lead to users incorrectly labeling them as false defects (Bessey et 
al., 2010). 
 
Anderson (2012) argues that the best approach to finding a suitable static analysis tool is to try 
different ones, since they use a variety of different approaches, suiting different needs. 
Moreover, Zheng et al. (2006) conclude that static analysis tools are economically beneficial 
complements to other software testing activities. This since the cost of a static analysis tool per 
identified defect is of the same magnitude as the cost of code inspection per identified defect 
(Zheng et al., 2006). 
 
 

2.5. Identifying and Defining Software Defects 
 
Currently there is no consensus in the software industry of what a software defect is, since 
software development affects several stakeholders in different ways (Anand et al., 2015). Hence 
it’s important to understand how defects will be defined in this study in order to understand why 
certain behavior of a software program is or is not considered to be a defect.  
 
In software development there are multiple and distinct roles, such as developers, end-customers, 
and product owners, involved in the process. This leads to all differences in interpreting and 
considering certain software behavior. To give an example, a developer that implements a 
software behavior of not allowing special characters in passwords due to data handling 
difficulties would consider the behavior as desirable, whereas the end-user probably will not 
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understand the underlying reason behind this behavior and thus consider the behavior to be a 
software defect. 
 
Furthermore, Chilana et al. (2010) present findings of a difference between developers’ intent 
and what users expect of the software. This resulted in a classification of defects as either 
violation of specifications, of user community expectations, or of users’ own expectations. 
Chilana et al. (2010) have a primary goal of classifying defects in Open Source Software (OSS) 
projects in order to understand the relation between different software defects and which of the 
defects that ultimately gets resolved. 
 
Even though they utilize the classification to understand the relationship between software 
defects and resolved software defects, it could possibly also function as means to distinguish 
different types of software defects in order to understand how to conduct testing to minimize the 
risk of defects emerging in finalized products. 
 
However, other research shows that defects generally are defined as deviations from requirement 
specifications or enthusiastic expectations, which might finally lead to failures in procedure 
(Rawat and Dubey, 2012). Further, Rawat and Dubey (2012) define software defects as a flaw, 
error, bug, fault, mistake, or failure in a program or system, which ultimately may generate 
inaccurate or unexpected behavior. 
 
The Institute of Electrical and Electronics Engineers (IEEE) have defined and classified software 
defects as either an error, failure, or fault (IEEE, 2010). IEEE defines software defects as follows 
(IEEE, 2010): 
 

 Defect: An imperfection or deficiency in a work product where that work product does 
not meet its requirements or specifications and needs to be either repaired or replaced. 

 
Software defects are, as earlier mentioned, also classified into subgroups defined below (IEEE, 
2010): 
 
 

 Error: A human action that produces an incorrect result. 
 Failure: Termination of the ability of a product to perform a required function or its 

inability to perform within previously specified limits. An event in which a system or 
system component does not perform a required function within specified limits. 

 Fault: A manifestation of an error in software. Interpreted by authors to be an incorrect 
decision made when interpreting the provided information to solve a problem or in the 
implementation process (Ahmad and Varshney, 2012; Suma and Nair, 2010). 

 
However, another way of defining defects could be done through what authors refer to as the 
process of defect detection, which is a process to identify software defects (Ahmad and 
Varshney, 2012; Suma and Nair, 2010). Solving or preventing defects identified through the 
defect detection process can be divided into two different approaches, the preventive approach 
and the curative approach (Ahmad and Varshney, 2012; Suma and Nair, 2010). 
 
The curative approach focuses on identifying defects by end users or developers of the software, 
whereas the preventive approach focuses on preventing defects at the root level (Ahmad and 
Varshney, 2012; Suma and Nair, 2010). The vast variation of software defect definitions makes 
it crucial to determine a suitable definition of software defects (Rawat and Dubey, 2012). 
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The most well-defined and precise definition of software defects has been found in IEEE’s 
definition and will thus function as the definition of software defects in this study. Together with 
this definition, their classification of different defects will be adopted in this report to ensure a 
straightforward definition to communicate during interviews to make sure interviewee and 
researcher share an understanding of different software defect types. 
 
As already mentioned, identifying defects can be separated into two different approaches, 
curative and preventive. Furthermore, multiple authors argue that software defects are generally 
identified in various stages of the software development cycle through testing techniques such as 
code inspection, Graphical User Interface (GUI) review, design review, unit testing, and 
prototyping (Ahmad and Varshney, 2012; Kumaresh and Baskaran, 2010; Suma and Nair, 2010). 
 
Moreover, Suma and Nair (2010) and Ahmad and Varshney (2012) state that formal code 
inspections are the most effective assurance technique to identify software defects early in the 
software development cycle; however, it is also the most expensive one. 
 
The activity of locating defect-prone software code is a time-consuming task in the software 
development process (Nguyen et al., 2011). Nguyen et al. (2011) therefore conduct an empirical 
evaluation of the use of an automated approach to support developers in finding defect-prone 
software code by limiting the search scope of software files. They find their model, BugScout, 
able to identify defect-prone software files correctly up to 45% of the times when providing a top 
10 list of the most defect-prone software files. 
 
On the other hand, it has been found that an automated, single-phase model, such as the 
BugScout model, was outperformed when compared to a two-phase model in evaluating the 
ability of locating defect-prone software files in the open source community Mozilla (Kim et al., 
2013). However, the Kim et al. (2013) evaluation of the automated two-phase model is heavily 
dependent on the empirical findings from an open-source project, hence the findings might not 
be generalizable to closed-source projects. 
 

2.6. Summary of the Literature Review 
 
The literature review has presented existing research within the software development and 
software testing area. It further presents current research of software development and testing in 
complex embedded systems in the automotive industry. 
 
The literature review has provided a holistic understanding of software development and testing, 
both generally and in the automotive industry. This will provide a foundation to further examine 
how software testing should be focused and aligned to the current software development in the 
automotive industry. However, the literature review identified a gap in the existing body of 
knowledge. 
 
The above-mentioned Conventional SDLC models possess challenges when it comes to 
development of complex embedded systems. Mainly since in order to conduct full-scaled system 
testing of the software product, the finalized physical product will be needed. It also creates 
challenges for software development teams due to the limited access of hardware to conduct 
integration testing early in the development process. Ultimately this creates challenges for 
software development teams to ensure they deliver defect free products of high quality. As 
earlier mentioned, no generic software development method currently exists for embedded 
software development, generally or in the automotive industry. 
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Thus, it can be assumed that no generic test method for software developed in the automotive 
industry currently exists. The existing body of knowledge does not cover how software testing 
should be focused in complex embedded systems such as the automotive industry in order to 
minimize the risk of defects in finalized products. 
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3. Method 
 
In this chapter the methodology of this study will be explained together with methods used in 
order to attain empirical data from primary and secondary sources. Each method will describe 
how the data was gathered and what each method intends to investigate. The chapter starts with 
explaining the research design of this study and then explains each method separately. Then, 
validity, reliability and generalizability of this study will be discussed. Finally, data analysis and 
ethical issues will be discussed and presented. 
 

3.1. Research Design 
 
Currently no generic software development method exists for complex embedded systems. 
Software products in the automotive industry are sophisticated embedded systems with an 
immense complexity. Thus the research field of explaining appropriate activities to focus 
software testing on in the automotive industry in order to minimize the risk for defects in 
finalized products is limited. To deepen the understanding and investigate this limited research 
field an inductive research approach was selected.  
 
This study will start by identifying different types of software defects and drivers of defects 
found in finalized software products. Understanding of the defects and their drivers are deepened 
by conducting interviews with team members of the SPCT-team, which is argued to be the initial 
step of inductive research (Blomkvist and Hallin, 2015). Subsequently literature and knowledge 
within related fields have been utilized in order to further enhance the understanding of the 
problem (Blomkvist and Hallin, 2015). The formulated research questions for this study will 
provide an understanding and explanation of how teams developing software for complex 
embedded systems should focus their testing activities in order to minimize defects in finalized 
software products. 
 
Furthermore, this study is based on a qualitative approach by identifying defects and drivers 
from interviews conducted with team members of the SPCT-team. This might be argued to be an 
odd approach since all defects are stored as bug reports in different databases. On the other hand, 
interviews with software testing researchers and leading professors conducted in this study 
discouraged the approach of attaining a quantitative approach to the posed research questions by 
analyzing software defects from bug reports and form a foundation of defects emerging in 
finalized software products (25 February 2016; 7 March 2016). 
 
The quantitative approach of analyzing software defects from bug reports was discouraged due 
to the complexity of backtracking the defects to explain their drivers. Additionally, the 
quantitative approach was discouraged due to the time scope restrains of this study, which was 
argued to be too short. Thus, due to the time scope and the complexity of explaining defect 
drivers quantitatively, a qualitative research approach was selected. It is however not certain that 
the quantitative approach will provide sufficient results to act upon in order to attain the purpose 
of this study. 
 
Although this study is inductive in its nature it has been conducted iteratively, which is slightly 
contradictory due to the nature of inductive research approaches. However, this research is 
conducted iteratively by continuously revising the problem formulation, research questions, 
purpose, and literature review alternating between empirical findings and literature in order to 
understand how existing knowledge and theories could be applied in real world settings. 
 
The limited amount of research conducted in the area related to this research argues for 
suitability of choosing an exploratory approach (Collis and Hussey, 2013). Further an 
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exploratory approach is favorable due to the aim of this research to look for ideas and patterns to 
develop from empirical findings to understand where testing activities should be focused (Collis 
and Hussey, 2013). 
 
Due to the purpose of this research a case study approach of single-case design was selected in 
order to attain an in-depth understanding of the problem in its natural setting. This case study 
will be of a holistic approach since it aims to provide a deeper understanding of how, where and 
why software testing should be conducted in the software development process. The holistic case 
study approach is argued to be appropriate in rare or extreme circumstances when theoretical 
framework supporting the study is holistic in its nature (Yin, 2003). 
 
Moreover, authors argue for a case study approach to possess the following three advantages 
(Voss et al. 2002; Runeson, 2012). Firstly, it is an adequate way of answering what, how, and 
why questions of the studied phenomenon, secondly it provides a deeper understanding of the 
phenomena being studied, and thirdly, case studies increase the chance of determining relations 
between cause and effect of the investigated phenomena. 
 

3.2. Literature Review 
 
The literature review in this study has, as earlier mentioned, been iteratively updated and revised 
throughout its process. This literature review was iteratively conducted in order to utilize 
empirical findings from interviews to enhance the understanding of interesting topics and ideas 
gathered from interviews. Together with enhancing the understanding of interesting topics and 
ideas discussed in interviews the literature review have supported the researcher and formed a 
foundation of software testing in order to further enhance the analysis of qualitative data 
attained. 
 
Furthermore the existing body of knowledge has been analyzed to understand how other research 
fields relate to the field of investigation in this study. By conducting the literature review a gap 
in the existing body of knowledge was identified, which this study aims to contribute to. 
 
The literature reviewed consists of a vast variety of academic journals, articles, books and other 
published work. The majority of literature has been gathered through various databases and 
search engines such as: Primo, ScienceDirect, Scopus, IEEE Xplore, and Google Scholar. 
 
Additionally, the literature review in this study has primarily focused on software development 
and testing, software development/testing in the automotive industry, and software defects 
identification and definition. Most frequently used search words and combinations of them was: 
“software development”, “agile testing”, “software testing automotive”, “scrum”, “software 
development automotive”, “software defect identification”, “risk based testing”, “software test 
process”, “automated software testing”, “software defect detection”, “software bug 
identification”, and “software bug detection”. 
 
The initial search conducted to gather relevant literature started with a wide approach to gain a 
broad understanding of research fields possibly connected to the investigated field. This 
approach provided a wide variety of literature, which was subsequently scanned in order to 
narrow down the scope of literature and find the most relevant research fields to this study. Since 
the literature review has continuously been revised and updated relevant fields and interesting 
topics attained through interviews and observations of the case have been incorporated. To give 
two examples of this refinement process both the field of risk-based testing and the field of static 
analysis tools have been identified through observations and interviews (Fu et al., 2012; 
Ranadive et al., 2015). 
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Together with searching literature through search engines and databases, reference lists and 
bibliography lists of relevant literature have been analyzed to further focus the literature review 
to the scope of this study. Literature deemed relevant to this study have then been organized in 
folders and categorized thematically in regards to content. This was done in order to keep track 
of relevant literature as well as facilitating the iterative approach of altering between empirical 
findings and existing literature. 
 
A critical review of the literature has been conducted through analyzing vital sections of 
previous research, such as how methods relate to the research questions and purpose of the study, 
are conclusions correctly drawn from empirical findings, and how the literature review relate to 
the area of investigation. 
 
It might be argued that some of the sections in the literature review mainly consists of a single 
source and are slightly outdated in terms of publication date. However, the purpose of these 
sections is primarily to provide a holistic explanation of the foundations of the field in software 
testing and software development. This was deemed suitable due to the purpose and aim of this 
study. 
 
Furthermore, the majority of referenced literature is peer-reviewed articles, reports, published 
work, and international industry standards stemming from international organizations. However, 
to broaden the basic knowledge within the software testing area a couple of textbooks have been 
restrictively used. 
 

3.3. Interviews 
 
Interviews conducted in this study have mainly been semi-structured in order to obtain ideas of 
new dimension of the studied phenomenon (Blomkvist and Hallin, 2015). Additionally, semi-
structured interviews are deemed to be appropriate when the researcher is trying to develop an 
understanding of the respondent’s reality (Collis and Hussey, 2013). 
 
All interviews have been conducted in a face-to-face approach in order to enhance the possibility 
of gathering comprehensive data of the respondents work life reality (Collis and Hussey, 2013). 
Furthermore, interviews conducted in this research have been held in Swedish and recorded with 
approval of the interviewee. Since all interviews have been conducted in Swedish quotations 
presented in the results and analysis chapter have been translated to English in accordance to the 
researcher’s interpretation. 
 
In order to enhance the validity of the research interviews have been transcribed and summarized 
shortly after the interview session (Collis and Hussey, 2013). Interview questions have 
continuously been updated and revised in order to make the most of emerged findings. 
Furthermore, new persons of interest to interview have been added, which made it possible to dig 
deeper into questions possibly possessing underlying problems of interest to this study.  
 
Since one of the research questions aims to identify the drivers for software defects in finalized 
products a series of interviews were conducted with team members of the SPCT-team 
developing Escape. The interviews were conducted to enhance the understanding of what drives 
defects to emerge in the finalized products. The interviews focused on the developers’ 
interpretation, which gave a holistic understanding of the developers’ reality. This was deemed 
appropriate when trying to identify drivers for defects in software products delivered to the 
production department. Interviews conducted with the developers of the SPCT-team are 
presented below, who are the focus of this study. 
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Department/Title Date and Duration 
SPCT/Software Developer 2016-03-02, 13:00-14:00 
SPCT/Software Developer 2016-03-10, 10:00-11:00 
SPCT/Software Developer 2016-03-23, 10:00-11:00 
SPCT/Software Developer 2016-03-24, 10:00-11:00 
SPCT/Software Developer 2016-03-31, 10:00-11:00 
SPCT/Software Developer 2016-03-31, 12:30-14:00 

 
Table 1. Interviews conducted with developers in the SPCT-team. 

 
Along with interviews to identify and further enhance the understanding of identified drivers to 
defects in finalized Escape releases, were interviews with experienced test engineers, test 
coordinators, and test leaders employed at Scania. These testers are responsible for testing 
software products at Scania. Internal interviews with test engineers, test coordinators, and test 
leaders at Scania have both been conducted with testers testing similar software products to 
Escape and with testers mainly testing products at the system level or higher. Interviewing testers 
at Scania responsible for testing products similar and different to Escape have provided a holistic 
understanding of internal software test knowledge from different test departments.  
 
The interviews conducted internally at Scania function as means to understand where in the 
development process the testing is inadequate and at what levels testing are suitable in order to 
resolve identified drivers and defects. In combination with interviewing experienced testers at 
Scania, interviews have been conducted with researchers within software testing at Mälardalens 
University (MDH). An additional interview has been conducted with a researcher concurrently 
working as senior specialist within software testing at a large company active in the 
telecommunications industry. The company will in this report will be referred to as Company A. 
 
Interviews conducted with software testing researchers have primarily been carried out in order 
to understand at what test levels testing should be incorporated and how testing can be conducted 
efficiently for teams exclusively consisting of software developers. By interviewing both 
experienced professionals and researchers within software testing the risk of attaining skewed 
results was minimized. 
 
Furthermore, conducting interviews with both experienced testers and researchers have enabled a 
holistic understanding of test knowledge both within academia and within software testing in 
complex embedded systems from the automotive industry and the telecommunications industry. 
The interviews conducted with experienced testers and researchers within software testing are 
presented below. 
 

Title/Organization Date and Duration 
Test Leader/Scania 2016-02-25, 09:30-10:30 
Test Coordinator/Scania 2016-02-25, 14:45-15:45 
Professor/MDH 2016-03-01, 10:00-10:30 
Professor/MDH 2016-03-07, 10:00-11:00 
Senior Specialist/Company A 2016-03-22, 09:30-10:30 
Test Coordinator/Scania 2016-05-17, 12:30-13:30 

 
Table 2. Interviews conducted with experienced professionals and researchers within software 

testing. 
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3.4. Observations 
 
Observations have regularly been recorded by taking notes during various scrum sessions and 
SPCT-team activities such as: sprint meetings, daily scrums, and team meetings to further 
enhance the understanding of SPCT’s real life context. Observations was deemed as an 
appropriate method choice due to its applicability to case studies. This since case studies are 
argued to be favorably performed through a variation of data gathering methods such as for 
example interviews and observations (Collis and Hussey, 2013). This study has been conducted 
in its natural environment, which enabled an in-depth knowledge of the phenomena under 
investigation. 
 
This study has been conducted over a time period of four months at Scania Tekniskt Centrum 
(STC) in Södertälje. The researcher has on average spent four full work days of eight hours a day 
per week at STC supporting the researcher’s understanding of the context. Conducting the study 
at STC has made it possible to make observations continuously throughout the process of this 
study and enabled close proximity to developers for a deeper understanding of the real life 
environment. 
 

3.5. Secondary Data at Scania 
 
The fact that this study has been conducted at STC in Södertälje has enabled access to internal 
documents of the organization such as: test strategy documents, technical reports, and 
managerial strategy documents. This has supported the researcher’s understanding when aligning 
test activities to current organizational strategies, company values, and development processes. 
 
However, the utilized internal documents will not be referenced to or cited due to confidentiality. 
The internal documents have further been used to enhance the understanding of organizational 
structures and strategies. 
 

3.6. Reliability 
 
Reliability is a measure of accuracy and precision of the research, which aims at measuring the 
repeatability of the study basically meaning that if another researcher would conduct the same 
study the researcher would be able to obtain the same results (Collis and Hussey, 2013). Due to 
the fact that this research is of a case study approach based on the researcher’s background and 
interpretations makes it challenging to attain high reliability.  
 
The choice of semi-structured interviews and observations as data gathering method further 
creates challenges to ensure the study’s reliability. However, through continuously gathering 
empirical data from different persons triangulation was possible argued to function as means to 
reduce bias and enhance reliability (Collis and Hussey, 2013). Triangulation has been carried out 
through cross-checking interviews conducted in this study with developers, testers and academic 
researcher within software testing. 
 
The constantly shifting external and internal environments affecting an organization, department, 
or team is another reason to why it is challenging to attain high reliability in this study. However, 
to address this challenge and further enhance this study’s reliability semi-structured interviews 
have been conducted at separate occasions with multiple relevant developers, testers, and 
researchers (Golafshani, 2003). 
 
Additionally Collis and Hussey (2013) state two disadvantages of semi-structured interviews, 
which are that it is difficult to keep track of questions and notes as well as it is difficult to 
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analyze gathered data subsequently. To minimize the effect of these disadvantages all interviews 
have been recorded with the interviewee’s approval and later transcribed in order to enable 
rigorous data analysis. 
 

3.7. Validity 
 
In order to obtain the purpose and ensure the quality of this study the validity of how well the 
researcher measures what’s intended to be measured should be discussed (Collis and Hussey, 
2013; Golafshani, 2003). The method used to attain understanding of drivers and defects has 
mainly been of semi-structured interviews, which might pose disagreements to whether this 
study measure what it intends to measure due to the fact that developers might not remember all 
the defects that have been found in finalized products. 
 
However, the risk of attaining inaccurate data has been minimized in this study by interviewing 
all developers responsible for the development and testing of Escape. This in order to attain an 
unbiased, accurate, and holistic understanding of what drives defects to emerge in finalized 
software products and drivers to these defects. 
 
Since all conducted interviews have been recorded and transcribed it was possible to summarize 
each interview and send it to the interviewee, which Collis and Hussey (2013) argue to be a 
procedure to ensure an accurate interpretation of the interview ultimately improving the validity 
of the findings. 
 
However, one might argue that the applicability of utilizing defects and drivers as means to 
understand how to focus software testing is merely measured. On the other hand this research’s 
intention is not to understand how well the identified defects and drivers function as means to 
focus software testing on but rather to understand how to focus testing in order to minimize the 
risk of defects emerging in finalized products. 
 
Interviews were on the one hand conducted to understand defects and drivers to defects 
emerging in finalized software products. On the other hand interviews were conducted in order 
to understand which techniques that could function as means to minimize the risk of these 
defects. To understand applicable test activities interviews were conducted with professional 
software testers internally at Scania all with more than ten years’ experience within the field. 
Additionally to further enhance the understanding of applicable test activities interviews 
conducted with researchers from Mälardalen University within the field of software testing were 
conducted. In combination to above-mentioned interviewees, an interview was conducted with a 
senior test specialist responsible for leading research within software testing at Company A. 
 
External test specialists might be reluctant to share successful techniques to prevent the 
emergence of defects, but through conducting interviews with both internal and external 
professional test specialists the risk of attaining biased results was minimized. Additionally 
interviews with researchers within software testing further minimized the risk of skewed results 
since they have a limited incentive of not sharing successful testing techniques. 
 

3.8. Generalizability 
 
This study is of a qualitative nature, heavily based on the researcher’s interpretation of data 
gathered through semi-structured interviews and observations. Additionally, the complex context 
of the investigated phenomena makes it challenging to extrapolate findings from this report to 
other contexts. However, an immense number of teams are found in similar contexts as the one 
under investigation. Findings from this study will be partly generalizable and could possibly 
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provide support for teams developing similar products to understand how software testing should 
be focused in order to minimize the risk of defects in finalized products. 
 
Furthermore, by conducting a case study of a single-case approach an in-depth knowledge of the 
context and the investigated phenomena was attained. The in-depth knowledge has provided the 
researcher an understanding of the characteristics and interactions of the studied phenomena. 
Thus, supporting the researcher in whether findings from this study can be generalized and 
applied in other environments (Collis and Hussey, 2013). The research description in the case 
study is likely to make it easier for teams developing similar software to adapt the results 
presented in this study to their own setting. 
 

3.9. Data Analysis 
 
The process of this study has been explained earlier and it has been conducted iteratively through 
continuously updating and revising main areas of the study such as problem formulation, 
research questions and literature review. Even though the process of data analysis also was 
conducted continuously throughout this study it was divided into three main phases described as 
a widely used general approach for analyzing qualitative data (Miles and Huberman, 1994). 
 
This approach of analyzing qualitative data is argued to be beneficial as it supports the researcher 
in analyzing the data in a systematic way and is not tied to any specific data gathering method 
(Miles and Huberman, 1994). The data analysis process were divided into the following phases: 
Data reduction, Display the data, and Determining conclusions from the data and verifying their 
validity (Miles and Huberman, 1994). 
 
The Data reduction phase was carried out in order to reduce the volume of gathered data to a 
manageable size. Data reduction is argued to be the first phase of analyzing qualitative data 
(Collis and Hussey, 2013). This phase was conducted through simplifying, summarizing, and 
focusing the transcribed interviews to identified fields of interest. Furthermore the data reduction 
was carried out continuously throughout the study comparing data where relationships were 
identified, argued to be beneficial since it does not limit an in-depth understanding of the 
investigated phenomena (Collis and Hussey, 2013). However, even if data was reduced and 
discarded throughout the process of this study, it was stored in order to enable the iterative 
process of revisiting interesting data emerging during the process of this study.  
 
Display the data phase was conducted through highlighting and coding main thoughts, ideas, 
words, and phrases answered to each interview question. Subsequently these were collected and 
merged into two separate documents, one consisting of results from interviews conducted with 
developers of the SPCT-team and the other consisting of results from interviews with 
experienced software testers and researchers. The two documents consisting of identified main 
concepts and aspects in the respondents’ answers facilitated the analysis through simplifying the 
comparison of respondents’ answers. 
 
The third phase “Determining conclusions from the data and verifying their validity” was 
conducted through linking the coded data within each document to create categories of the data. 
From these categories patterns could be identified. Additionally, by continuously revising and 
updating interview questions of identified interesting concepts, made it possible to investigate 
these concepts further facilitating verification and validation of the empirical findings. 
 
Reaching theoretical saturation of empirical data is desirable when conducting research in order 
to minimize the risk of the researcher leaving out interesting data connected to the phenomena 
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under investigation. However, reaching theoretical saturation was not deemed to be conceivable 
because of the time restrictions of this study. 
 
The findings from this study have been discussed and presented to respondents of the interviews 
to obtain their opinions and reactions of the findings. This is by Collis and Hussey (2013) argued 
to be favorable activity in order to enhance the validity of the conclusions drawn in a study. 
 

3.10. Ethics 
 
Multiple authors have discussed the ethical aspect of research. Bell and Bryman (2007) have 
formed a list of eleven guiding principles for research within the management field. The 
principles deemed applicable to discuss in this study is Informed Consent, Privacy, 
Confidentiality, Anonymity, and Misrepresentation. 
 
Informed Consent revolves around the need to inform participants in this research of its scope 
and objective, which have been addressed by clearly communicating and making sure that 
interviewees understands the objective and scope of the research before each interview. Privacy 
and Confidentiality are related and stress the importance of avoiding privacy invasion of 
participants, and to ensure confidentiality of research data from participants or organizations. In 
this study, attained empirical data have been handled with carefulness and with respect of 
confidentiality in terms of trade secrets. Furthermore, in order to ensure confidentiality and 
privacy of participants and the case company some approximations in the description of Scania 
have been made. Additionally, the report has been sent to the supervisor at the case company to 
ensure no trade secrets have been mentioned. Anonymity concerns the need to protect 
participants’ or organizations’ privacy in the research. The anonymity of the organization have 
not been stressed to be of importance by the supervisor at the case company, however, excluding 
the names of the participants in this report ensured the anonymity of the interviewees. 
 
Misrepresentation stresses the necessity to avoid misunderstandings, misrepresentations, or 
falsely reporting findings of the research. Sending the transcribed interviews to each participant 
in this research has minimized the risk of misunderstanding or misrepresentation. This enabled 
participants to read the transcription to see whether anything in the interview could pose an issue 
in regards to misunderstanding or misrepresentation. 
 
Additionally, the results of this study have been communicated to the SPCT-team in a final 
presentation. The SPCT-team had the chance to comment on the results and their observations 
have been taken into consideration.  
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4. Overview of Scania and the RESP Team 
 
In this chapter an overview of Scania and the RESP team will be presented. The chapter will 
further present the specific environment the SPCT-team is currently developing software 
products in to communicate its complexity. 
 

4.1. Overview of Scania 
 
Scania is a company in the automotive industry founded in Sweden 1891 operating world-wide 
in 100 countries with approximately 42.000 employees (Scania, 2015; Scania, 2016). Scania 
offers a wide variation of customized trucks and buses as well as engines for heavy equipment 
vehicles such as excavators and articulated haulers. Scania’s total revenues for 2014 is roughly 
calculated to be around 92 Billion SEK (Scania, 2015). 
 
Scania’s headquarters is located in Södertälje outside of Stockholm in Sweden and employs 
approximately five thousand people (Scania, 2015). The R&D organization is together with the 
headquarters located in Södertälje and employs around 3500. Scania’s ambition is to provide and 
develop products of high quality with low lead times from idea to market launch in accordance 
to the customer’s specific requirements (Scania, 2015).  
 
The unique modular product system developed for several decades is one of the most important 
success factors enabling Scania to offer individually customized products to each customer 
(Scania, 2015). Scania Group’s organization is divided into six different main areas: Research 
and Development, Purchasing, Production and Logistics, Sales and Marketing, Financial 
Services, and Commercial operations. 
 
The research and development organization is responsible for developing buses, chassis, trucks, 
engines and associated products combined with ensuring that the development process is 
efficient and cross-functional. An overview of Scania’s organizational structure is presented 
below: 
 
 

 
Figure 5. Scania’s organizational structure. 
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4.2. The RESP Team 
 
The research and development organization as earlier mentioned consist of approximately 3500 
employees divided into several teams responsible for different parts of the research and 
development of existing and future products. The RESP (Applications for Electronic Control 
Unit software configuration and update) team is responsible for the development of off-board 
software (i.e. software that is executed on a PC or server). 
 
The software applications developed by RESP are integrated with the in-vehicle electrical 
system to provide support for the production line and R&D to flash software, set parameters in 
ECUs, execute QA-tests and manage vehicle individual data. The RESP team is further divided 
into two different teams, the CFC-team focusing their development to ensure the function such 
as flashing software to the ECUs in the production department. The SPCT-team focuses on 
developing a software product that enables parameter setting of ECUs, execute QA-tests and 
manage vehicle individual data. 
 
The SPCT-team develops a software product called Escape providing support to the production 
department to perform above-mentioned functions. Except offering functions as to set ECU 
parameters and execute QA-tests Escape needs to ensure that vehicle individual data is stored 
correctly, in order to ensure that service workshops can fetch the data when the vehicle needs 
reparation or updates. 
 
Scania’s unique modular product system forms a complex environment for developers, as there 
are more than a million different combinations of ECUs and vehicle configurations. Scania’s 
unique modular product system generates an immense number of possible parameter 
combinations in order to control up to 50 different ECUs in vehicles. This causes multiple 
challenges in terms of software testing for the SPCT-team, since it would be necessary to build 
each vehicle combination to ensure the products functionality. However, it is not viable to build 
each vehicle combination in order to test Escape in a full-scaled vehicle environment since it 
would simply cost too much. 
 
Currently software testing is mostly limited to unit testing and leaving tests of Escape in full- 
vehicle environment to be conducted in the production department. Unit testing is conducted by 
simulating responses from real objects and hardware, which is called mocking. Furthermore, 
some integration testing is conducted in the form of bench testing. Bench testing is currently 
conducted through locating the desirable ECU and its necessary cabling and test the 
implementation developed for that specific ECU. However, if the desirable ECU is not 
accessible, testing is conducted by reviewing the code and analyzing whether the logic flow of 
the software should be functioning. 
 
System testing is conducted in the production line during the vehicle manufacturing process due 
to a limited access to test environments in the form of for example Hardware In the Loop (HIL) 
or Software In the Loop (SIL) environments. However the SPCT-team does have the possibility 
of testing their software in HIL environments, but the challenging and time-consuming activities 
of setting up and booking the HIL environment makes it difficult for the developers to allocate 
sufficient time to conduct system tests. 
 
HIL environments function as simulations of the architecture of the on-board electrical system in 
trucks and buses, where ECUs are connected to each other. This enables the software to run on 
its prospective ECU. SIL environments on the other hand simulate the software environment and 
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emulate the on-board hardware environment enabling developers to test the interoperability on a 
desktop computer. 
 
The immense number of on-board electrical system combinations in vehicles is not the only 
factor that makes software testing activities challenging for the developers in the SPCT-team. 
The system architecture of embedded real-times software, web services, databases, user-
interfaces, Application Programming Interfaces (API), and tools developed by other departments 
enables functions such as communicating with ECUs through the Controller Area Network-bus 
(CAN). The CAN-bus connects ECUs to each other and enables communication between 
microcontrollers and devices in vehicles. 
 
Furthermore, the SPCT-team is highly dependent on software deliveries from multiple different 
teams in the R&D department such as the team developing a tool to ensure the communication 
between Escape and the ECUs via the CAN-bus. This further creates challenges for the SPCT-
team of managing multiple versions of this tool for deliveries to both R&D and the production 
department while simultaneously managing multiple versions of their product Escape. 
 
The SPCT-team exclusively consists of software developers with different skill levels in 
software testing and due to resource restrictions the SPCT-team neither has nor will have a 
dedicated team testing their product Escape in the near future. 
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5. Results and Analysis 
 
The results and analysis chapter presents findings and results that further supports solutions to 
the posed research questions. The disposition of this chapter will firstly present the main findings 
of the identified defects and drivers to software defects emerging in finalized products and 
secondly present findings regarding software testing and managerial implications in the 
automotive industry. 
 

5.1. Software Defect and Drivers 
 
This sub-chapter will present three identified areas of defects and drivers that have been 
identified to generate defects in finalized software products. The results presented within each 
identified area will follow a structured disposition of three separate steps. Firstly, results from 
interviews conducted with developers from the SPCT-team will be presented. Secondly, results 
from interviews conducted with academic researchers and professionals within software testing 
will be presented. Finally, the results from the interviews conducted in this study will be 
analyzed. 
 
Interviews conducted in this study with team members of the SPCT-team have provided 
empirical data of defects and drivers to software defects in the finalized software product 
delivered to the production department. The identified defects and drivers vary from 
unsynchronized data on servers globally used by all production departments to insufficient 
software testing leading to the software not being able to handle special user-case scenarios. 
However, the results show three areas of drivers and defects attaining high endorsement among 
multiple interviewees. 
 
5.1.1. SPCT’s Software Test Environment 
 
The first area that attains high endorsement among the SPCT-team members is due to the 
difficulties of receiving adequate cables and ECUs to test the software, which forces developers 
to conduct software testing by reviewing the code and analyzing whether the logic and flow of 
the software are correct. Reviewing the code and analyzing if the logic and flow of the software 
are correct is in this study’s interviews found to cause various simple programming mistakes. 
 
It has been found in interviews with the SPCT developers that the lack of sensors communicating 
with the ECUs makes the testing environment insufficient and testing even more difficult. This 
since even if the developer manage to get a hold of the desirable ECU and its necessary cabling, 
he or she will need to test without real signals from sensors and other input and output devices. 
 
In the interviews in this study it has further been found that finding appropriate cabling and 
ECUs to perform bench tests is currently a time consuming task due to the shortage of cabling 
and ECUs accessible for the SPCT-team. Moreover, interview findings reveal that it can take 
more than a full workday to setup, book, and test software in the HIL environment for the SPCT 
developers. 
 
Related to the same area are findings from interviews with the SPCT-team regarding the fact that 
testing is currently not conducted to ensure the software’s performance when communicating 
with ECUs via the CAN-bus. One developer of the SPCT-team stated in an interview, “…we 
never take the communication on the CAN-bus in a full vehicle environment into regard” (2 
March 2016). The fact that testing activities to test the communication on the CAN-bus currently 
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is not conducted is argued in interviews with the SPCT-team to be a main driver for software 
defects emergence in finalized software products. 
 
In the interviews conducted with academic researchers in this study it was found that multiple 
companies have started with SIL environments. This was further argued to enable developers to 
straightforwardly simulate the entire electronic system integrated in a full vehicle environment 
on their desktop computers. In a question regarding SIL a researcher stated in an interview, “I 
believe that if you do some of the testing with that infrastructure in place you would eliminate 
some of the problems you’re currently experience when delivering the finalized product” (7 
March 2016). 
 
The difficulties of setting up the necessary HIL test environments or to conduct bench tests is 
currently a time consuming task due to a shortage of ECUs and cables accessible to the SPCT-
team. Furthermore, testing is currently not conducted to ensure the software’s functionality when 
communicating with ECUs via the CAN-bus. It has further been found that a SIL environment 
would be highly applicable to address these challenges, since it enables developers to simulate 
the entire electrical system in a full vehicle environment. This could ultimately facilitate 
software testing of the ECUs communication on the CAN-bus. 
 
However, it is important to understand that SIL environments would not eliminate all defects 
found in finalized software products since it is a simulated environment without hardware 
interfaces to the ECUs, devices, or components used in vehicles. On the other hand, findings 
strongly advocate the applicability of a SIL environment because of its simplicity in simulating 
the entire electrical system and running it on a desktop computer. This could eventually 
eliminate developers need to spend time searching for desired ECUs and cabling to conduct 
bench tests. 
 
Furthermore, findings disclose that a SIL environment would support the developers in the 
SPCT-team to find defects in integration testing and system testing earlier in the development 
process. Thus, potentially eliminate the defects currently found in finalized software products 
delivered to the production department. 
 
5.1.2. SPCT’s Current Testing Activities 
 
The second area attaining high endorsement among the developers of the SPCT-team, argued to 
be a driver for software defects is SPCT’s current testing activities. One main reason is the 
limited testing of data synchronization due to time restrictions and test environment accessibility. 
The interviews conducted with developers in this study disclose that defects identified in 
finalized products due to unsynchronized data could pose a big threat of stopping the production. 
 
In an interview a developer of the SPCT-team stated “…what actually has been most 
problematic for the SPCT-team is that data hasn’t been synchronized” (31 March 2016). It has 
further been found in interviews with the developers that Escape’s current software architecture 
and software design puts high pressure on the software to handle data correctly in order to ensure 
it operates as expected. 
 
Findings from interviews with the developers of the SPCT-team further indicate that the SPCT-
team is currently mostly limiting testing activities in their software development process to unit 
testing, leaving system testing to be conducted by the production department.  
 
However, findings from the interviews with the SPCT developers regarding the usage of unit 
testing indicate differences. This since the majority of developers in the SPCT-team find unit 
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testing to be very limited in their applicability of identifying defects, as they do not identify 
defects that emerge in the finalized software products. 
 
One developer in the SPCT-team supported their limited applicability in an interview, “The 
problem is that the defects that occur do not occur in a specific unit but rather in a much higher 
level, so what we’re actually missing is the overall testing” (31 March 2016). 
 
In accordance with the above-mentioned limited applicability of unit tests the following was 
stated in an interview with a SPCT developer, “…the unit is only the small part, and we are not 
interested in ensuring that every small part is functioning but rather interested in ensuring that 
the complete software is functioning” (10 March 2016). 
 
Findings from interviews conducted with software test researchers and professionals reveal 
applicable test levels to incorporate when current testing mainly is limited to unit testing. A 
software test professional stated in an interview, “The first level to include would be to test the 
interfaces between the units. If a unit sends a request to this unit, does it operate as expected? 
That type of testing could be incorporated” (25 February 2016). 
 
Supporting the applicability of incorporating integration testing arose in an interview with a 
researcher within software testing to the above-mentioned question, “To actually run your tests 
in an integrated environment… that you have the possibility to do that type of integration, at 
least for the software integration before you deliver the finalized product” (7 March 2016). 
 
The results indicate the limited applicability of focusing testing to the unit test level. This since 
developers argue that defects are generally not found in specific units, but at higher levels. 
However, it might be argued that defects do not occur in the unit test level since unit testing is 
currently were software testing is focused. The statement that defects do not occur in the unit test 
level, but rather at higher test levels further indicate the importance of conducting integration 
testing and system testing earlier. 
 
Denoted in the interviews with software researchers and professionals supported the importance 
of incorporating integration testing before delivering the finalized product. On the other hand, 
the necessity of a test environment to conduct tests in an integrated environment was 
emphasized. Including integration testing at least for software integrations such as databases, 
APIs, or between different units before deliveries of finalized products was further advocated. 
 
The complex product infrastructure of both hardware and software components that the SPCT is 
developing software for is dependent on these components to operate together. Taking this into 
consideration would further support the argument for a limited need of focusing testing to the 
unit test level. Additionally, it was found that SPCT is not interested in ensuring that every small 
part of the system is functioning but rather the complete system. 
 
However, the complications of conducting system testing in full vehicle environment present 
restrictions to which testing levels that are viable to test at for SPCT. The complications of 
conducting system testing in a full vehicle environment and the fact that most developers find 
unit tests to be limited in their applicability argue for the inclusion of integration testing earlier in 
the development process. In accordance with this is also the statement of at least incorporating 
testing of the software integration in the system. 
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5.1.3. Requirements Specification 
 
The third area attaining high accordance among the developers in the SPCT-team relates to the 
requirements specification and how it is communicated. Interviews reveal that requirements are 
currently communicated to the SPCT-team through Quality Assurance (QA) documents, which 
are written by the system owner in collaboration with the system team. System owners are 
generally responsible for a specific ECU and functions related to it. 
 
Moreover, the interviews with the developers indicate that the QA documents are subsequently 
sent to the production department for validation and finally communicated to the SPCT-team. 
The production department generally describes the requirements in a few sentences, which then 
are communicated to the SPCT-team. The SPCT-team relies on the production department to 
provide sufficient descriptions of the requirements in order to fully understand them. 
 
Findings from the interviews with SPCT developers further indicate that most of them believe 
that misunderstandings of requirement specifications between the production department and the 
SPCT-team are a main cause for software defects in finalized products. In an interview a 
developer of the SPCT-team stated in regard to how often inaccurate requirements are 
communicated, “…I would say that it happens pretty frequently” (10 March 2016). 
 
The developer interviews further disclose the fact that inaccurate and incorrect requirement 
specifications delivered to the SPCT-team make it excessively more difficult to develop well-
functioning products aligned with the production department’s expectations. This was supported 
in an interview with a SPCT developer, “They generally write two or three text lines roughly 
explaining the requirement and expect us to contact them in order to find out what is expected. 
Then we trust that they’ve given us all information we need, which usually creates 
misunderstandings. There are currently no standard of what information we need” (2 March 
2016). 
 
In an interview a researcher within software testing in regard to testing requirement coverage, 
stated, “Requirement coverage is what everybody starts with. So if you have a number of 
requirements you start by testing them one by one. Well you can say that it is step A” (7 March 
2016). Furthermore an experienced professional within software testing stated in an interview, 
“You have to review requirements with the right persons to make sure you understand them” (22 
of March 2016). 
 
Supporting the above-mentioned was stated in an interview with a software testing researcher, 
“…when you work with the requirements involve people who are responsible for testing the 
implementation. Involve everybody, not some kind of high-level designers or system architects 
formulating the requirements, which later are handed to the testers to conduct tests. Involve 
people testing the implementation in this discussion earlier to discuss the requirements from a 
testability perspective instead” (7 March 2016). However, findings from interviews with 
researchers and professionals within software testing stress the importance of discussing 
requirements in a cost-effective way since they could be discussed to absurdity. 
 
By involving developers from the SPCT-team in requirement discussions more frequently could 
support the product development process as it can create a unified understanding of the 
requirements. Thus unify the understanding of the systems functionality in terms of expected 
behavior. Furthermore it could support the requirement discussions in regard to the testability 
perspective, argued by multiple researchers and professionals to be of high importance to 
facilitate software testing. 
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Involving all concerned parts of the product development could further enhance the 
understanding of the requirements, thus facilitating the first step in software testing argued to be 
the requirements coverage. This could ultimately function as means to reduce the number of 
defects in finalized products, as it would minimize the risk of misunderstandings. 
 

5.2. Software Testing in Early Development Phases 
 
This sub-chapter will start by presenting findings from interviews conducted with researchers 
and experienced professionals within software testing regarding important test aspects in 
Scania’s particular case. Subsequently, the results of important test aspects will be analyzed. 
 
Multiple software testing researchers and professionals interviewed in this study advocate the 
applicability of static analysis tools. This since it is an efficient way of testing software in early 
development phases addressing the high variation of possible parameter combinations in the 
software product. In an interview an experienced professional within software testing stated, 
“The development of static analysis tools has come rather far. When you’ve written your code, 
you can get a fairly good approximation of what is possible and non-possible in your code. This 
can support you to select parameters and also tell you what parameters that do not come in 
play” (22 March 2016). 
 
However, a researcher within software testing stated in an interview, “These analyses have to be 
approximations. To develop an algorithm that always identifies all defects that exists is 
impossible. There are several foundational restrictions in mathematics of what you can do. So 
you let these tools make approximations, which sometimes generates some false alarms in the 
code. This means that they show warnings of defects that actually aren’t defects” (1 March 
2016). 
 
Regarding static analysis tools the researcher further stated in the same interview, “You can say 
that the methods we work with complements software testing. I think that if you use them 
correctly they can support you to identify what parts of the code that need to be tested since they 
can identify possible weaknesses in the code. So testing becomes more efficient” (1 March 2016). 
 
In an interview an experienced professional within software testing said, “…static analysis is 
where I believe you would come much further. I do not know how far they have investigated it 
but that is where I would put the focus” (22 of March 2016). The same professor also argued for 
the benefit of utilizing already existing commercial static analysis tools used in the automotive 
industry rather than internally develop one. 
 
Related to the same field is the statement from an interview conducted with the same researcher, 
“I believe that quality is built bottom-up. There is no other solution. You have to build robust 
components, it is as simple as that. Then you can just put them together and they will be 
operating correctly” (22 of March 2016). 
 
The interviews conducted in this study with researchers and professionals within software testing 
strongly advocate the applicability of static analysis tools. Firstly since it gives the developers an 
approximation of possible and non-possible parameter combinations, which could possibly 
reduce the time spent on testing the software product. Secondly, because the static analysis tools 
could identify defect-prone software and support the developers in their understanding of where 
testing is needed. However, it is important to stress that static analysis tools will not be a 
replacement for software testing but rather a complement, as it cannot identify all defects in 
software products. 
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Results heavily indicate the applicability of static analysis tools to support developers both in 
reducing the immense number of possible parameter combinations and also by identifying 
defect-prone code for further software testing. Finally, it has been argued that quality is built 
bottom-up, and through developing robust components the chance of them working together 
could increase. Thus, static analysis tools could be utilized to minimize the defects found in 
finalized software products. 
 

5.3. Aspects of Testing in Scrum 
 
The results presented in this sub-chapter will have the same disposition as the first sub-chapter of 
three separate steps. Firstly, results from interviews conducted with developers from the SPCT-
team will be presented. Secondly, results from interviews conducted with academic researchers 
and professionals within software testing will be presented. Finally, the results from the 
interviews conducted in this study will be analyzed. 
 
Findings from interviews conducted in this study with the SPCT developers denote that they 
currently lack a formalized and mutual understanding of the definition of done. In an interview a 
developer responded to a question whether the observation of an ambiguous definition of done in 
the SPCT-team was true “I am willing to agree on that and it has been a topic of discussions in 
the past” (31 of March 2016). 
 
Furthermore, findings related to the definition of done emerged in interviews with developers of 
the SPCT-team arguing that there is currently no consensus of how unit testing should be 
conducted. A developer of the SPCT-team in regard to current unit test stated in an interview 
conducted, “Some of them are good, but many of them are of bad quality. They’re too strict and 
break down too often. Changes in the code that shouldn’t break the test break it anyway, because 
they’re too fragile or always run in the lowest level. Run the test in a higher level instead and 
investigate if the function is operating as it should” (24 March 2016). 
 
Risk-based testing was during the interviews with software testing professionals and researchers 
found to be an applicable mean to get a unified understanding of how testing should be 
conducted. No explicit way to determine what type of test activities that are suitable for each risk 
level was found. However, starting with an internally developed risk matrix and revising and 
adapting it over time were argued to be an applicable approach. 
 
In relation to definition of done an experienced professional tester answered a question regarding 
when you should mark a scrum task as done, “Well. I can say that at my employer they said that 
you do that when the invoice is paid. Well it’s not exactly like that but… There are some built-in 
problems in agile development” (22 March 2016). Subsequently the tester stated that it is 
important to understand that if you have implemented something incorrectly, you are the one 
who should correct it. 
 
This relates to the findings from interviews conducted with software testing researchers and 
professionals regarding who should conduct testing of new implemented functionality in scrum. 
Findings in this area however show some discrepancy, since some researchers and professionals 
believe it should be conducted by the developer him- or herself, whereas other state that it should 
be conducted by colleagues in the team. 
 
Findings from interviews conducted in this study argue for a reason to the challenge of 
conducting test on your own implementation. The reason was argued to be that it is the developer 
him- or herself who has to solve the defects they find when conducting tests on their 
implementation. One response in an interview conducted supports the argument of this 
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challenge, “Well, now I have worked a lot to put this implementation together and now I am 
supposed to try to break it” (22 March 2016). 
 
An experienced software testing professional responded a question regarding who should 
conduct testing of new functionality, “That it is not done by someone else than the team who 
implements the functionality, however it shouldn’t be tested by the same person who 
implemented it. It is kind of like trading services within the team” (25 February 2016). This 
statement further argues for the indication that the developer who implemented the functionality 
should not test it. 
 
However, in an interview conducted with another experienced professional tester stated, “I 
actually think that the developer should test his or her own implementation because it’s the 
foundation for long-term improvements. Otherwise you are not responsible for your 
implementation and will write code that does not work” (22 of March 2016). 
 
From the same interview the researcher stated an additional argument for why a developer 
should test his or her own implementation, “The more responsibility you have for the 
consequences of your code in a longer time perspective, the better” (22 of March 2016). 
 
Findings regarding an ambiguous understanding of the definition of done in the SPCT-team is 
further supported due the quality differences of the unit tests. This since the SPCT-team 
generally limits testing activities to the unit test level of new functionality The decision maker of 
whether a scrum task is done or not ultimately becomes the unit tests, which as mentioned earlier 
differ in quality. Incorporating a formalized, unified, and adaptable understanding of the 
definition of done could create a foundation for the unit tests. This can subsequently increase the 
overall quality of the unit test and thereby increase the overall quality of the software product. 
 
Incorporating a software test process where developers test other developers’ implementations 
could result in developers writing nonfunctioning code, since it is argued that the developers do 
not feel responsible for it. Thus it could be beneficial to let developers test their own 
implementation since it is claimed to be the foundation for long-term product quality 
enhancement. 
 
The above-mentioned reason that developers might be less prone to test their implementation 
adequately, since they need to solve the defects they find could possibly be argued to further 
function as means of personal testing knowledge enhancement. This could further increase the 
long-term product quality. However, it might be argued that you should not test your own 
implementation since it is difficult to review your own creations critically. 
 

5.4. Product Quality Enhancement for Development Teams 
 
This sub-chapter deals with important aspects to consider for software development teams 
exclusively consisting of developers in order to enhance the quality of their products. The sub-
chapter will start by presenting findings from interviews conducted with software testing 
researchers and professionals. Then the results regarding the SPCT-team members’ approach an 
attitude to the identified important aspects will be presented. Finally, the results will be 
compared and analyzed. 
  
Conclusively findings from interviews with software testing researchers and professionals 
indicate the importance of incorporating quality responsibility in a development team exclusively 
consisting of developers. In an interview a professional within software testing answered the 
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question of important aspects to enhance the product’s quality in SPCTs case, “It is that the team 
take its quality responsibility. So that they cannot push it away” (25 February 2016). 
 
Taking quality responsibility of the product was further supported in an interview with a 
software test researcher when asked the same question, “That you take responsibility for what 
you deliver to the next or that you have a critical approach to your own code… so it doesn’t 
become someone else’s responsibility” and “I think when you talk about agile and such, you 
want everybody to take an overall responsibility” (7 March 2016). 
 
Additional important aspects to consider was stated in an interview by a researcher within 
software testing, “I believe that if you have a limited test mindset and test strategy today, then I 
think you should incorporate it as a learning process to reach the goal in relation to where you 
are today” (25 February 2016). 
 
Associated with this important aspect of viewing the product enhancement as a learning process 
are findings regarding the necessity of improving the development team’s knowledge within 
software testing. Interviews conducted in this study indicate the importance of inviting proficient 
software testers at Scania and let them educate the developers in different testing techniques and 
activities. In accordance with this it was indicated in an interview with a software test 
professional, “The art is to have the ability to take in others’ competencies. That is what I would 
ensure. So in a three weeks sprint I would absolutely include one day knowledge enhancement, it 
will pay off after a month’s sprint” (22 March 2016). 
 
An expert professional within software testing stated in an interview, “In order to get started you 
might want to involve a test coach or somebody who can educate the developers in how to make 
testing efficient and fun” (25 February 2016). In accordance with this statement a professional 
within software testing stated in an interview, “I believe much is connected to knowledge. 
Whatever it is you know and are good at is fun… So you have to invite people who really know 
static analysis and push and include these parts” (22 March 2016). 
 
Findings from interviews conducted with SPCT-team members indicate a positive attitude to 
inviting test experts within different software testing fields. In an interview a developer of the 
SPCT-team answered a question regarding whether education in testing would be appreciated, “I 
believe that would be beneficial… To receive input from someone else on how we can improve 
the quality in the code, definitely. I don’t think anybody would have a negative attitude to that” 
(23 March 2016). 
 
Further supporting a positive attitude towards inviting internal test experts is the SPCT-
developer’s response to a question whether he or she would like internal education in software 
testing the, “Yes, definitely! We had someone for a short period of time. I think it was half an 
hour together with a test team” (31 March 2016). 
 
The coherent results indicate the importance for the team to incorporate a quality responsibility 
of the developed software product. Incorporating a quality responsibility could support the SPCT 
developers’ approach to strive for developing a product of high quality rather than develop the 
product fast. 
 
Inviting internal proficient software testers at Scania with different areas of expertise could 
further support the SPCT-team’s strive of enhancing their products’ quality. The indication that 
the developers of the SPCT-team have a positive attitude towards inviting proficient testers at 
Scania could be seen as a sign of being eager to reduce the number of defects found in finalized 
products. 
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Furthermore, incorporating a quality responsibility aligns with one of Scania’s core values “right 
by me”, which aims to ensure that employees deliver functioning products of highest possible 
quality. On the other hand, it might be argued that the SPCT-team already has a quality 
responsibility due to that value and that they already have the full responsibility of the products 
they develop but a testing proficiency may take them a step further. 
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6. Discussion 
 
The discussion chapter will present results of this study in relation to the existing body of 
knowledge. This chapter will be of the same disposition as chapter five, starting by discussing 
defects and drivers to defects in finalized products. The second part of this chapter will discuss 
software testing and managerial aspects in the automotive industry. 
 

6.1. Software Defects and Drivers 
 
The purpose of this study is to investigate how teams developing software for complex 
embedded systems should focus their testing activities in order to minimize defects in finalized 
software products. Findings indicate the necessity of incorporating testing activities early in the 
development process in the form of static testing and utilizing static analysis tools as the 
complex embedded system entails complications in terms of testing in full-scaled vehicle 
environments of the product. 
 
6.1.1. SPCT’s Software Test Environment 
 
The defects currently found in the end of the production line are very costly to correct. A better 
way is to identify these defects earlier in the software development process by utilizing HIL and 
SIL environments. This can heavily reduce the costs of correcting the defects. 
 
The rapid development of technology will most likely produce sufficient and effective SIL 
testing environment that possibly could eliminate some of the challenges of conducting system 
tests of the software product early in the development process. Related to the same area is the 
use of HIL environments possibly eliminating even more challenges of current software testing 
in the automotive industry as it test with ECUs and the correlating software code. On the other 
hand, there are still some challenges to highlight when discussing the use of HIL environments, 
which the SIL environment does not possess. Firstly, the limited access to HIL environments 
pose difficulties due to the complications of booking and setting up the environment in order to 
test. Secondly, the maintenance of hardware in the HIL environment and the immense number of 
possible components and ECU combinations in vehicles further pose complications to software 
testing in HIL environments. 
 
Furthermore, it is important to understand that the complexity of automotive software in 
combination with Scania’s unique modular product system further engender challenges for 
development teams to test their software. The challenge makes it nearly impossible to 
incorporate software testing in the form of testing in full-scaled vehicle environments early in the 
development process. The limited possibility to conduct testing in full-scaled vehicle 
environments is, however, not the only testing, which engenders challenges for early testing of 
software in the automotive industry. Regression testing to understand how new implementation 
affects the already existing software is difficult since you need to test it at a system level in order 
to fully understand its impact. 
 
The immense amount of components, networks, and ECUs in vehicles needs to be tested 
together (Shaout et al., 2010). This argues for the necessity of building a suitable SIL test 
environment in order to be able to identify defects in earlier stages of the product development. 
In order to conduct integration testing activities to test multiple components interoperability 
suitable test environments are necessary (Homès, 2013). 
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6.1.2. SPCT’s Current Testing Activities 
 
Findings regarding the current testing activities of the SPCT-team mainly revolved around unit 
testing and the limited testing of data synchronization. Testing software primarily by conducting 
unit tests poses multiple complications when delivering the finalized software product to 
customers, since defects at higher test levels cannot be identified. 
 
The limited testing activities conducted to test data synchronization relate heavily to current 
testing activities to be focused at the unit test level, as testing data synchronization entails 
multiple units to operate together. As team members of the SPCT-team emphasized, defects do 
not occur at the unit test levels but rather at higher test levels. Through incorporating integration 
testing of databases, web services, and APIs, defects at higher levels can be identified as well as 
data synchronization will be possible to test (Homès, 2013). 
 
The differentiations regarding how to conduct unit testing in the SPCT-team could possibly 
further pose implications to the findings since some of the defects emerging in finalized products 
might have been identified with unit tests of higher quality. On the other hand, developers in the 
SPCT-team have a deep knowledge and understanding of how the system works, which argues 
for them to know whether unit tests would have identified specific defects or not (Everett and 
McLeod, 2007d). 
 
The above-mentioned finding is in agreement with the definition of unit testing presented in the 
literature review, which argues for inclusion of integration testing and system testing of the 
product earlier in the development process (Homès, 2013; ISTQB, 2016b; ISTQB, 2016e).  
 
Results regarding software testing activities of data synchronization and the fact that most testing 
activities are currently directed towards testing single units of the software, argues for testing to 
primarily be conducted in the lowest level of the V-model (Homès, 2013). However, in this 
study it was found that incorporating integration testing of the software’s interoperability is the 
first step if current focus is on conducting testing at the unit level. 
 
The general product development process of software further makes it challenging to conduct 
system test early in the development process (Dawson and Dawson, 2014). However, the 
development phases are overlapping and the more you can move system testing towards the start 
of the development the better. Thus, develop a suitable SIL environment should be a high 
priority in order to enable integration and system testing earlier in the development process, 
which further could minimize the risk of defects in finalized products. 
 
6.1.3. Requirements Specification 
 
Requirements’ specification is argued to be an important driver for defects emerging in finalized 
products. This due to reasons such as they are generally roughly explained in a few sentences 
leaving it up to the developer in the SPCT-team to interpret the requirement and subsequently 
implement and test it. 
 
Defects, however, have multiple different definitions, but according to IEEE (2010) a defect is 
an imperfection or deficiency in a work product where that product does not meet its 
requirements or specifications and needs to be either repaired or replaced. Using IEEE’s 
definition creates challenges in terms of understanding what a product that does not meet the 
requirements or specifications are. The roughly explained requirement specifications delivered to 
the SPCT-team is further argued to lead to misunderstandings, which finally leads to defects in 
finalized products. Additionally, the fact that the production department has a tendency to 
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change requirements during already started sprints also complicates the definition of a defect in 
relation to the requirements. 
 
In order to minimize the risk of defects emerging in finalized products, professionals and 
researchers within software testing argue that it is important to review the requirement 
specifications with the right people and discuss them from a testability perspective. In 
accordance to findings from interviews in this study is Weber and Weisbrod (2002) findings 
stressing the importance of establishing applicable requirement processes. Incorporating testing 
activities of the requirement specifications could minimize the risk of changes during already 
started sprints, since it would lower the risk of misunderstandings. 
 
Test activities of documents including requirement specifications or data design are generally 
performed by techniques as inspections, walkthroughs or reviews (Everett and McLeod, 2007d). 
The importance of involving all concerned parts in requirements discussion have conclusively 
been advocated to be an important part of software testing since it is argued to ensure a shared 
understanding of the requirements. Additionally, supporting this is Everett and McLeod’s 
(2007d) statement that the more time and effort spent on requirements, design, and specification 
the higher probability of the developer writing satisfactory code. However, findings advocate the 
necessity of discussing requirements cost effectively since it can easily be discussed in 
absurdness. 
 
Limiting testing of requirements to discussions is likely not sufficient enough, since in order to 
fully understand the requirements you need more than words. This since words in the natural 
language can be interpreted differently depending on peoples’ earlier experiences and 
knowledge. In order to counteract this, a combination of walkthroughs and presentation of 
desirable requirements could support the understanding further. 
 
Incorporating testing activities and formal processes for requirements specifications could reduce 
the risk of misunderstandings and simplify testing to ensure that the product meet its 
requirements or specifications (Kim and Sheldon, 2004). Testing products to make sure they 
meet the requirements or specifications is argued to be the first step of software testing, which 
makes it important to ensure clearly formulated requirements that developers truly understand. 
 

6.2. Software Testing in Early Development Phases 
 
Static testing in the form of static analysis tools is argued to be a suitable testing activity when 
conducting testing early in development processes as it enables testing before unit and 
integration testing, thus lowering the overall cost of finding and correcting defects (Anderson, 
2012). Static analysis tools are further argued to be applicable for software development in 
complex embedded systems since it can provide a code analysis for the developers. 
 
The analysis that the static analysis tools can give the developers has been advocated to possess 
multiple beneficial attributes when testing software early in complex embedded systems. Firstly, 
they support developers to understand where defect-prone software might be located enabling 
them to focus their testing towards those areas (Majchrzak, 2012). Secondly, they provide 
support in terms of limiting the vast possible parameter combinations since they enable 
approximations of possible and non-possible combinations. Thus, lowering the complexity of the 
software testing. 
 
On the other hand it is important to find a suitable static analysis tool since tools that generates to 
much false errors tends to be ignored (Bessey et al., 2010). In agreement to the applicability of 
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static analysis tools is findings presented by Zheng et al. (2006) who argue for static analysis 
tools to be a beneficial complement to other testing techniques. 
 
 

6.3. Aspects of Testing in Scrum 
 
Findings in relation to the agile method scrum conclusively indicate that the SPCT-team have an 
ambiguous definition of done. This could lead to defects in finalized products since the different 
parts of the system can vary in quality. Moreover, no unified understanding of how unit testing 
should be conducted could possibly further endanger the finalized product’s quality. 
 
Sutherland and Schwaber (2013) state the importance of continuously revising and updating the 
definition of done in the scrum development process in order to ensure quality of the product. 
Furthermore, incorporating a unified understanding for how testing should be conducted could 
enhance the quality of the finalized products delivered to production, thus minimize the risk of 
defects. 
 
Software testing at different levels of the V-model is ambiguous since it always depends on what 
abstraction level you choose to look at the implementation. Integration testing as defined by 
Homès (2013) proves a perfect example of this since it is defined as testing the interoperability 
between different components or units of a system. However, in the lowest level of the V-model 
defined by Homès (2013) both unit testing and component testing are included. This can create 
ambiguous interpretations of testing at this level since component testing defined by ISTQB 
(2016b) involves not only testing of a specific unit but also interface testing between different 
components and units.  
 
The possible ambiguous interpretation of testing at different levels of the V-model must be 
addressed by the SPCT-team. They need to develop a unified understanding of how testing 
should be conducted at each level. 
 
On the other hand, incorporating a unified understanding of definition of done and how testing 
should be conducted might not solely enhance the products quality. This since some developers 
could currently be conducting testing more rigorously than the future unified stipulation of 
definition of done entails. 
 
Nevertheless, incorporating a unified understanding of definition of done that continuously gets 
updated and revised could enhance Escape’s quality in the long run. Continuously updating and 
revising the definition of done would simultaneously facilitate the understanding of how testing 
should be conducted. This since in order to mark a task as done the developer needs to ensure the 
implementation fulfills its definition of done. 
 
To further enhance the understanding of how testing should be conducted risk-based testing 
could be incorporated. Risk assessments could be done for each scrum task, as it would define 
clear descriptions of test activities for every task in the product backlog (Redmill, 2004). 
However, no explicit guidelines of how to determine test activities for each risk level have been 
found in this study. It was argued in interviews that one favorable approach is to start with an 
internally developed risk matrix, which then is continuously revised and adapted to the product 
under development. 
 
Risk-based testing have not only been found to be an approach to enhance the understanding of 
how testing should be conducted, but it can also target testing towards the more critical parts of 
the software early in the development (Felderer and Ramler, 2014; Souza et al., 2010). This 
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could increase the chance of identifying and correcting defects earlier in the development 
process, thus lower the risk of defects in finalized products. 
 
The challenge of testing one’s own implementations has further been a topic of interest in this 
study. Trying to break an implementation that you have put a lot of time and effort in to develop 
was found to be a key argument for letting team members test each other’s code. However, 
testing your own implementation is the foundation for future enhancement of the product’s 
quality since developers will learn from earlier mistakes. Additionally, it was argued that without 
having responsibility of testing one’s own implementations could lead to developers writing 
code that does not work. 
 
Multiple understandings of the definition of done complicate the product development since one 
developer’s interpretation of the definition of done may clearly differentiate from other 
developers interpretation of the definition of done for the same item. Testing software to the best 
of each developer’s ability together with an ambiguous understanding of the definition of done, 
makes it difficult to ensure quality of the product (Sutherland and Schwaber, 2013). This since 
both testing software to the best of one’s ability and an ambiguous understanding of the 
definition of done imply that some software is tested more rigorously than other. Ultimately this 
can lead to quality differences in the software product, which could cause defects in finalized 
products. 
 
In order to enhance the quality of a product an understanding whether an item from the product 
backlog is completed or not is vital. Sutherland and Schwaber (2013) state the importance of 
communicating a coherent and mutual understanding of the definition of done, customized to the 
specific product. Moreover, they stress the necessity of continuously adapting the definition of 
done as it ensures quality of the product. 
 
 

6.4. Product Quality Enhancement for Development Teams 
 
Results, regarding success factors for conducting testing in a team exclusively consisting of 
software developers conclusively point towards the importance of incorporating a quality 
responsibility earlier in the development process. This is further supported by the prerequisites 
for a scrum development team, which is argued should possess all necessary capabilities to 
accomplish their work tasks (Sutherland and Schwaber, 2013). 
 
Incorporating a quality responsibility could enhance the developer’s willingness of testing their 
implementation more rigorously, since it is in their own self-interest to test their implementation 
as it minimizes the amount of rework. Quality responsibility and software testing education of 
the SPCT developers have in the interviews been found to be of great importance when striving 
for an enhanced product quality. 
 
In relation to findings regarding incorporating a quality responsibility is Sutherland and 
Schwaber (2013) description of Scrum teams who should possess all necessary capabilities to 
accomplish their designated work tasks. However it could be discussed what possessing all 
necessary capabilities denote. Currently the SPCT-team possesses all necessary capabilities to 
accomplish their designated work tasks. On the other hand, the SPCT-team could improve their 
product development’s efficiency by enhancing the internal software testing knowledge. Inviting 
software testers proficient in different testing techniques internally at Scania have in the 
interviews been found to be an applicable way to enhance SPCT’s software testing knowledge. 
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Findings convincingly indicate a positive attitude among the developers in the SPCT-team to 
incorporate software test education in the development process. However, it might be argued that 
a favorable approach could be to employ a new team member with high software testing 
knowledge to be responsible for testing Escape. Employing a team member responsible for 
testing could possibly enhance Escape’s quality further, since he or she would have the main 
responsibility of testing. However, a deep knowledge of the product is argued to be highly 
important when conducting testing, which would be difficult to attain with a main focus on 
testing the product (Everett and McLeod, 2007d). 
 
Involving testers and designers when conducting black box testing and white box testing of 
software is argued to be beneficial in order to test the software efficiently (Everett and McLeod, 
2007b; Everett and McLeod, 2007d). Thus, educating developers of the SPCT-team could 
thereby enable more efficient testing of the product, which could enhance its quality. 
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7. Conclusions 
 
The Conclusions chapter will present the conclusions in relation to this study´s purpose and 
research questions. Managerial and research implications will be presented next, followed by 
implications to sustainability. Finally, the limitations of this study will be presented and 
suggestions for future research. 
 

7.1. Conclusions in Relation to Purpose 
 
The purpose of the study will be presented below in order to put the conclusions in relation it.  
 
“The purpose of this study is to investigate how teams developing software for complex 
embedded systems should focus their testing activities in order to minimize defects in finalized 
software products.” 
 
The complex environment that companies in the automotive industry are currently in generates 
challenges for software development teams in terms of testability. Moreover, the immense 
number of possible parameter combinations in modern vehicles further generates challenges for 
the teams. Thus, static analysis tools could support teams’ to understanding in both where testing 
should be focused by identifying defect-prone areas of the product as well as provide support of 
possible and non-possible parameter combinations. 
 
Static testing of documents such as the requirement specifications have been found to be 
important and could be tested through reviews and walkthroughs. Furthermore, involving people 
responsible for testing the product in requirement discussions have been advocated in order to 
discuss requirements from a testability perspective. 
 
Find a way to address the difficulties of testing the software product in full-scaled vehicle 
environments early in the development process have been found to be of great importance. SIL 
environments could provide software development teams a suitable test environment to test their 
product in a full-scaled vehicle environment in early development phases, which can reveal 
interoperability defects earlier. 
 
Additionally, incorporating a risk-based testing approach could support the team to attain a 
unified understanding of how testing should be conducted as well as enhancing the quality of the 
software product. Software defects emerging in finalized products are generally not found by 
conducting unit testing but rather testing at higher levels. Focusing testing towards integration 
testing in earlier development phases could thereby identify and solve these defects earlier. 
 
7.1.1. First Sub Research Question 
 
The first sub research questions were formulated in order to understand defects emerging in 
finalized software products as well as provide a deeper explanation to drivers of the defects. 
The question was formulated as follows: 
 

“What are the drivers of defects emerging in finalized software products?” 
 
Through a literature review and semi-structured interviews conducted with team members of the 
SPCT-team, three main areas of drivers to defects in finalized software products were identified. 
The first identified driver concerns the SPCT-team’s current software test environment, which 
complicates integration testing and system testing of the software product. Complications in the 
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form of conducting integration testing and system testing is due to a limited accessibility to 
ECUs and corresponding cabling, and the time consuming task of testing in the HIL 
environment. 
 
Secondly, current test activities conducted in the SPCT-team are mainly restricted to unit testing 
and bench testing leaving testing in full-scaled vehicle environments to be conducted in the 
production department. Additionally, an ambiguous understanding of how testing should be 
conducted in the SPCT-team could possibly create further complications as different parts of the 
software product might differ in quality. 
 
The third and final identified driver for defects emerging in finalized products regards the 
requirement specifications. Developers of the SPCT-team argue that current requirement 
specifications are roughly explained in a few sentences leaving it up to the developers to 
interpret the explanation and subsequently implement the requirements. This has been found to 
cause misunderstandings of the requirements, thus lead to defects in finalized software products. 
 
7.1.2. Second Sub Research Question 
 
The second sub research question was formulated in order to further understand what type of 
testing activities that are suitable to adopt in order to minimize the risk of the identified defects 
and drivers in finalized software products. These test activities could function as means for 
future improvements of the software product’s quality. The question is presented below: 
 

“What testing techniques are suitable in order to address the identified drivers?” 
 
Through a literature review of relevant related areas to this study an in-depth understanding of 
software testing techniques, testing approaches, and software development was attained. 
Additionally, semi-structured interviews were conducted with both leading professionals and 
researchers within software testing in order to further enhance the understanding of applicable 
testing techniques. 
 
Static analysis tools were heavily argued to be applicable testing techniques to embrace in order 
to address the first area of drivers for defects. Moreover, the possibility of utilizing SIL 
environments was strongly advised in order to enable integration and system testing earlier in the 
development. Conducting integration test and system test in a SIL environment was argued to be 
a suitable due to its simplicity, which the HIL environment does not offer. This since in SIL 
environments it is simple to set up different configurations of ECUs and it offers the possibility 
of testing on a desktop computer. 
 
Secondly, risk-based testing was argued to be an appropriate approach to address the ambiguous 
understanding of how testing should be conducted for the software product. Thus, incorporating 
risk-based testing to each scrum task could function as means to increase the quality of Escape. 
However, no formalized way of explicitly stipulate how testing should be conducted at each risk 
level has been found, which could lead to challenges. One challenge it could pose is that the 
internally developed risk matrix may not be suitable for the product under development, which 
could cause insufficient testing. 
 
Risk-based testing has not just been found to function as means to attain a unified understanding 
of how testing should be conducted. It could also function as means to identify critical software 
early in the development process and make software testing more efficient. Risk-based testing 
could thereby not only provide a unified understanding of how testing should be conducted, but 
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also make software testing more efficient and enable identification of defects earlier in the 
development process. Thus, minimizing the risk of defects in finalized software products. 
 
Finally, it was advocated to involve all concerned parts of the products development to minimize 
the risk of misunderstandings stemming from indistinct requirement specifications. This since it 
enables discussion of requirements in a testability perspective. Testing activities in the form of 
presentations and reviews have further been argued to be suitable in order to achieve clear and 
precise requirement specifications. 
 
7.1.3 Third Sub Research Question 
 
The third sub research question was formulated to examine managerial implications to undertake 
in order to minimize the risk of defects in finalized products. The question as it was formulated 
will be presented below: 
 

“What managerial aspects in software development could minimize the risk of defects in 
finalized products?” 

 
Incorporating a quality responsibility for a development team consisting exclusively of 
developers was cohesively found to be of high importance. This further aligns to one of Scania’s 
core values named “right by me”, which aims at ensuring a high product quality across the 
organization. 
 
In order to ensure product quality in scrum the definition of done is argued to play a vital part. 
Findings indicate that there is an ambiguous understanding of the definition of done in the 
SPCT-team. By updating, revising, and adapting the definition of done after each sprint the 
SPCT-team could attain a unified definition of done, which could enhance the developed 
product’s quality and thereby minimize the risk of defects. 
 
It has further been found that educating developers in different software testing techniques would 
be highly beneficial, since it provides tools of how to efficiently test the product. Findings 
further indicate a unified attitude that developers in the SPCT-team would be highly interested in 
education to enhance the quality of the software product. 
 
7.1.4. The main Research Question 
 
The three formulated sub research questions were formulated in order to create a foundation to 
answer the main research question of this study. 
 
“How should software testing be focused to minimize defects in finalized software products in 

complex embedded systems in the automotive industry?” 
 
The identified defect drivers form a foundation for understanding where software testing should 
be focused in order to minimize the defects in finalized software products. Additionally, the 
proposed testing techniques provide suitable means of how software testing should be conducted 
in order to minimize the defects. 
 
Findings advocate the necessity of testing the product in early phases through static testing 
techniques and static analysis tools. Furthermore, risk-based testing have been found to be an 
applicable approach to attain a unified understanding of how testing should be conducted within 
the team in order to ensure high quality of the product. Risk-based testing further helps the team 
to identify high-risk parts of the product, which could make testing more efficient. 
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Incorporating integration and system testing in SIL testing environments have further been found 
to be suitable in order to identify defects in early development phases. Moreover, incorporating a 
quality responsibility in agile development processes have been found to be of high importance 
for development teams responsible for the entire development of a software product. 
 
Including software test education in the development process have been found to be important in 
order to support development teams exclusively consisting of software developers to conduct 
testing efficiently. Furthermore, it was found that testing one’s own implementation is the 
foundation of long-term quality enhancement since it motivates developers to write high quality 
code. 
 

7.2. Implications and Concluding Remarks 
 
This sub-chapter will start by presenting this study’s managerial and research implications. 
Secondly the implications in relation to sustainability will be presented. 
 
7.2.1. Managerial and Research Implications 
 
The results suggest incorporation of testing activities in early development phases by utilizing 
static analysis tools and test techniques such as reviews, walkthroughs, and discussion to ensure 
a unified understanding of the requirements. However, companies situated over a larger area 
might find it difficult to continuously involve employees responsible for developing and testing 
in early requirement discussions. 
 
People outside of the development could possibly see incorporating more test activities in the 
development process as a waste of time since productivity in software development is generally 
measured in time to market rather than quality. However, both leading professionals and 
researchers within software testing emphasize the importance of incorporating measurements of 
productivity in terms of quality, and for development teams to incorporate a quality 
responsibility. This could pose complications to managers interested in incorporating continuous 
testing in early development phases due to current practice of measuring software development 
team’s productivity. 
 
The investigation of defects emerging in finalized products based on developers’ interpretations 
based a foundation of the understanding regarding where to focus test activities in the complex 
environment of the automotive industry. Findings regarding how to focus test activities in the 
mentioned environment will contribute to the gap in the existing body of knowledge. 
 
The case study provides a practical understanding of existing challenges of software 
development in the automotive industry and presents means of how to address the identified 
challenges. These findings could form a foundation for companies developing software in 
complex embedded systems and support the understanding of where to start software testing in 
order to minimize defects in finalized software products. 
 
Findings indicate suitable testing activities and techniques in order to address the identified 
defects and drivers to defects emerging in finalized software products. This could enable teams 
experiencing similar challenges to understand how testing should be conducted. However, it is 
important to understand that the automotive industry is an environment with several specific 
characteristics. These characteristics combined with Scania’s unique modular product system 
might pose difficulties to extrapolate findings from this study to other automotive manufacturers 
or industries. 
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On the other hand, results strongly indicate the importance for scrum development teams 
exclusively consisting of developers to incorporate a quality responsibility in order to deliver 
software products of highest possible quality. Furthermore, results support Kim and Sheldon 
(2004) findings regarding the importance of validating that developers’ understand requirements 
in order to ensure they know what they are building. However, results indicate contradictory 
findings to Everett and McLeod (2007d) stating that the more time and effort spent on 
requirements increase the probability of the developers to write satisfying code, since it was 
found that requirements should be discussed cost-effectively. 
 
7.2.2. Implications on Sustainability 
 
The complexity of the onboard embedded systems in vehicles constantly increases and puts high 
pressure on developers to deliver robust and high quality software. Thus, implementing suitable 
test activities and techniques is of high importance to minimize the risk of stopping the 
production line. Implementing suitable test activities and techniques will reduce the risk of 
economical loss for companies both by minimizing the risk of stopping the production line and 
also reduce the risk of costly rework for developers as defects are more expensive to correct the 
later they are identified in the development process. 
 
There are different definitions of economic sustainability. However, KTH (2015) defines two of 
these. The definitions are written in Swedish and were translated by the researcher. The first is 
defined as: “Economic sustainability is interpreted as economic growth that does not impact the 
ecological sustainability or the social sustainability negatively” (KTH, 2015). The second is 
defined as: “Economic sustainability is equal to economic growth, which is deemed to be 
sustainable as long as the economic capital increases. An increased economic capital can be 
allowed at the expense of other resources in the form of natural resources, ecosystem services, or 
welfare”. 
 
Incorporating the suggestions made in this study can function as means to reduce the 
development cost of the product Escape, thus have the potential of increasing the economic 
growth. Incorporating the suggestions could also be carried out without impacting the ecological 
or social sustainability negatively, as it would not entail an increase in energy usage, rather the 
contrary. Hence, the suggestions posed in this study would align to both above-mentioned 
definitions of economic sustainability. 
 
 

7.3. Research Limitations and Future Research 
 
The approach of this study to use developers’ interpretations as a foundation to understand where 
software testing should be focused in order to minimize the risk of software defects in finalized 
products could pose a restricted understanding of the defects. This since developers might not 
remember all defects emerging in finalized products and due to the reason that solely basing 
findings on the developers’ interpretation could provide influenced results. However, by 
conducting interviews with all developers of the SPCT-team the risk of attaining influenced 
results was minimized. 
 
An identified interesting field of study is to investigate most common defects emerging in 
finalized products statistically in order to examine where software testing should be focused to 
minimize the risk of their appearance. Furthermore, this study did not intend to present and 
explain how test-cases should be written in order to maximize their efficiency of identifying 
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defects. This would also be an interesting field of investigation in the complex embedded system 
environment in the automotive industry. 
 
Additionally, the single-case case approach conducted in this study could pose challenges to 
extrapolate the findings. This since software development teams in similar environments might 
not experience the same challenges as the SPCT-team due to Scania’s unique modular product 
system. However, not only software development teams in the automotive industry but also 
industries developing software for other complex embedded systems currently experiencing 
similar challenges could be of interest for software testing of embedded systems in general. Thus 
a study of comparing teams from different industries developing software for embedded systems 
would be of high interest and could contribute to the existing body of knowledge. 
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