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”It  is  not  the  strongest  of  the  species  
that survives, or the most intelligent, 
it is the one most adaptive to change” 

 
- Charles Darwin 



 
 



 
 

Abstract 
In the past decade agile testing has been recognized as a field and has progressed 
significantly. Studies show that improved test processes can increase the quality of 
software, reduce the number of bugs and reduce the cost. The aim of this study is to 
present a recommendation referring to tools from agile and sequential development 
methods that can improve the test process within the different types of projects. The 
expectation is to contribute to the projects by making the test process more efficient and 
to increase the awareness of risks.   
 
Dialogs, interviews and a focus group are combined with a literature study to analyze the 
test processes at the consulting firm Combitech AB. Together with the theoretical 
framework that presents basic information and terminology about test and test processes, 
and the basic information about agile development models, an analysis is performed.  
 
The final result of this thesis is eleven improvement areas with recommendations to 
developing teams. The recommendations aim to improve the test process for the teams 
working in agile processes. Together the recommendations involve different important 
areas of test and its process, like education and knowledge, retrospective and 
documentation, awareness and visualization, and the purpose of test. 
 
The conclusion of this study is that there is no common test process that is 
implementable for all different projects, but there are improvement areas that affect 
them all. It is also shown that a team with united definition and attitude towards test 
will work more efficient, and with an increased awareness the team will become better in 
preventing risks. It is difficult to measure a process and its progress, and the information 
from a measurement is hard to interpret, but there are reflections that can be made to 
facilitate for the team. The improvement areas that would help Combitech the most is  
 

- Educate where education is needed 
- Be aware of the alternatives 
- Visualize test 
- Decide your metrics  

 
 
Key Words: Test, Test Process, Agile Test Process, Risk management, Case Study, 
Experience based.  
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1 Introduction 
1.1 Background of Study 
 
Software development processes have been developed within software development 
during a long time and many of them have received a lot of attention. However, testing in 
the development processes has not had the same attention. Only the last decade a 
significant progress has been made concerning agile testing, today it is an essential part 
of agile development [1]. The test process is very important because it is the process that 
proves the requirements and desired quality of the system have been met. A variety of 
roles are involved in a development process, among others there are developers, testers 
and programmers. The Programmer is a person who writes the software code and the 
tester works with tests of the different parts of the code and the product. Both of these 
contribute to the development of the software and the products, with that given, they are 
both developers.  
  
Testing has for a long time carried a negative attitude within development according to 
many authors within the subject. This is often due to that test can be perceived as 
personal critique against the programmer and the code he or she has produced. 
Literature shows that many testers´ today fight to give testing a higher priority and 
reputation by proving that the development team and the organization can earn both 
time and money by renewing and using a better test process. It is also shown that with a 
better test process more bugs would be found earlier in the development process [2]. 
Many testers today wish that software test would not only be seen as finding bugs after 
the final version of the code is written, instead it would be used as a prevention tool 
against producing and delivering bugs.  
 
This study has been performed at Combitech AB which is an independent consulting firm 
within the Saab Group with operations in technology and security. The projects that focus 
on software development are placed both in-house and in the customers cites. The 
company has more than 1200 employees in over 20 different offices in Scandinavia.   
 
As a consulting firm it is often important for the customer to be able to provide a time 
plan and estimated cost, to manage this even the test process needs to be tangible. Today 
it is questioned if it is possible to measure the quality and time of the test process, to 
make it measurable.  
 
As Winter et al. writes: 
“As quality becomes a dominant success factor for software, the practitioner’s use of 
processes to support software quality will become increasingly important. Testing is one 
such process, performed to support quality assurance, and provide confidence in the 
quality of software, and emphasis on software quality requires improved testing 
methodologies that can be used by practitioners to test their software.” [3] 
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1.2 Aim of Study 
The purpose of this thesis is to show and highlight the possibilities for improving the test 
processes at Combitech to become more efficient. This is done by listening to knowledge 
and experiences from programmers, testers and project management in different projects. 
The focus will be on different agile methods and to integrate them in the test processes. 
The reason for improving the process is to get more efficient testing from the teams and 
to lower the risks. 
 
The aim of this study is to develop recommendations within improvement areas to the 
test processes at Combitech that is suitable for a wide range of customers and that also 
focuses on efficiency, measurability and minimization of risks. This would improve the 
productivity for the teams as well as that the customer still will experience reliability 
with the documentation and statistics that the project provides. 

1.3 Problem Description 
To be able to reach the aim of the study I will try to answer the following questions: 
 

 What does the test processes look like in different projects related to Combitech? 
 What makes a test process efficient, measurable and minimize risks? 
 Which parts of a test process in a project within Combitech can improved the 

most? 
 
By receiving knowledge about the company and the different in-house projects at 
Combitech it is possible to review the test processes. A test process must be adaptive due 
to the different requirements that different stakeholders have. The anticipation is to 
present a recommendation that uses parts from both the traditional models, to get its 
tangible and measurable parts, as well as from the agile models to obtain the efficient 
and productive parts.  

1.4 Demarcation 
One of the demarcations of this report is the focus on the test process and not the whole 
project process. I have not mentioned anything about the group process or the impact on 
the group when a new member enters or leaves the project team. Because there are 
different kinds of projects I have chosen not to focus on the whole process for each and 
every project and products like the Test Process Improvement [TPI] Model or Systematic 
Test and Evaluation Process [STEP]. Instead I have only looked at different areas and 
tools used to improve the test process.  
 
Another demarcation is that I have chosen projects at the office of Combitech both 
because it is easier to make contact with the developers, and also find time and place for 
interviews. The limitation is also regarding the environment where Combitech can more 
easily affect the work space and the assets for a home-shore team as opposed to other 
work places.  
 
The recommendations that are presented will not be tested during the time of the study.  
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1.5 Disposition of the Report 
Chapter 1 – Introduction 
The first chapter presents the background and aim of this thesis. A problem description is 
presented as focus of the work and an expectation of the result.  
 
Chapter 2 – Method 
The second chapter explains how this project was structured and conducted. The basis of 
each method is explained together with their purpose in this study. Here are also the 
different categories presented that are used through the whole report.  
 
Chapter 3 – Theoretical Framework 
The third chapter presents the background facts of test and development models that are 
needed to understand the discussions and to highlight the purpose of this thesis. This 
chapter will be the knowledge base that further analysis will be based on.  
 
Chapter 4 – Findings 
The fourth chapter reveals the results of the dialogs, interviews, focus group and 
literature study. Here are project templates stated to refer to and take examples from. 
Within the different methods the result is divided into different subheadings: the tester, 
the team, the process and some other important parts of software test process. 
 
Chapter 5 – Improvement Areas 
In the fifth are the recommendations and improvement areas presented to an agile team 
that is trying to improve their test process. It is based on the analysis of the gathered 
data through the study.  
 
Chapter 6 – Discussion 
In the sixth every recommendation in the improvement area is analyzed in to the 
templates of projects that are produced.  Also a discussion and comparison is performed 
between the recommendations in the improvement areas and other similar 
recommendations.  Included are also limitations of the study.  
 
Chapter 7 – Conclusion 
The last chapter contains the conclusions of the problem description.  
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2  Method 
A variety of methods are used and choose to improve the gathering of data; this 
contributes to a complete and unmitigated view of what is studied. The advantage of the 
combination of methods is that information from different methods can complement each 
other. [4] 
 
First the dialogs were performed to retrieve basic information about the projects and the 
teams. After these were conducted a first analysis was made to draft the cathegories that 
were supposed to present the data. These drafted cathegories was then used as the 
central themes in the interview guide when producing questions to the interviews [5]. 
After the interviews the cathegories were considered once again and used as head areas 
when the literature study was performed. The categories that were produced are also 
used in the presentation of the result to facilitate comparisons and conclusions. 
 

Time

First draft of 
categories

Second
draft of 
categories

Literature
study

Interviews

Categories
decided

Dialogs

 
 
Figure 1: Timeline of the methods in the study 
 
 
The Tester 
This category gather everything that has to do with the tester, it could be tools from the 
process that affect the single tester as well as how the tester affects the process and the 
team. This part also involves what the tester’s role is in the team and the test process. 
 
The Team  
The category compiles the information about the team and the process, how the team gets 
effected in their work, attitude, and what the team can do about their test process. 
Included are also roles and responsibilities, how the team is assembled, as well as 
knowledge and experience.   
 
The Process 
Under the category The Process the focus lies in the methods and tools used and the way-
of-work. Subheadings for this category are Documentation and Metrics. This category is 
expected to catch everything during the test process that does not go in any other 
category.  
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Combitech 
Combitech as a consulting firm has an important part in the developing and test process; 
Combitech has the consultants that have the knowledge. Education, awareness and 
experience is included here and discussion of responsibility towards the customer. What 
can Combitech do to improve the test process? 
 
The Customer 
It is the customer’s product and their development process, but the knowledge rests in 
the developers. What can the customer do to improve the test process? 
 
Risks 
Risks highlight the critical parts where awareness and understanding is vital. These are 
risks that are connected to the test process and the team’s way-of-work.  
 
Vision of Change 
The category Vision of Change exists to clarify existing problems and possible changes. It 
highlights what can be done in the ongoing processes; this is often ideas and thoughts as 
well as results of experiences from the participants.  
 
The last two categories: Risk and Vision of Change were added because of the focus of the 
thesis. 
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2.1 Dialogs 
The reason for separation of dialogs and interviews was that the dialogs were open and 
informal and that the information and result was not documented on recorder and 
transcribed as the interviews were. 
 
In an open interview, as these dialogs were, the goal is to get the informant to talk and 
tell as freely as possible. [5] It is important that the researcher lead as little as possible, 
the idea is to get the interview started by presenting a theme of subject and then let the 
interviewees develop their ideas and pursue their thoughts. [4] 
 
The dialogs were performed with people involved in different projects. The focus was on 
the basics of the project and about possible interviewees of members in the project teams. 
The information from the dialogs is only presented as part of the project templates in the 
report. The purpose of the dialogs was to earn knowledge about the company Combitech 
and about the different projects, not about the test process. Many of the dialogs generated 
a contact within the project that contributed to an interview later.  
 
Essential information from the dialogs was:  
 

 What project model and which tools was the team using for the moment?  
 Have they used any other models?  
 How does the team proceed with test? 
 Who are the other stakeholders in this project, and what is their prime interest? 
 Are there members in the project team that has good experience of test and test 

processes that are able to reflect on the different possibilities and obstacles within 
the project? 

 
By getting to know the projects the expectation was to be able to prepare the right 
questions for the interviews. 

2.2 Interviews 
An interview is defined as a dialog or a conversation between two parties which takes 
place during a certain time, and terminates when the interview is over [4,5]. Interviews 
are suitable for data collection based on opinions, perceptions and experiences [4]. 
 
These interviews have been semi-structured, the interviewer had a complete list of 
questions and subjects that were supposed to be discussed and answered. The order of the 
questions was not fixed and it was important to let the interviewee develop his or her 
ideas and speak more in detail, the answers were supposed to be open. [4] 
  
The interviews have been qualitative interviews because they are particularly well suited 
to provide insight in the interviewees own experience, thoughts and feelings. 
The interviews were recorded and transcribed, when approved by the interviewee 
because it is the interviewee’s verbal story in terms of disposals and statements that 
represent the data to analyze. By transcribing the interviews on own my, it gave me an 
unique opportunity to get to know the data. [5] 
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These interviews were performed with committed testers and programmers within the 
project to receive their point of view on the test process in the projects. This has both 
been concerning the progress of the current project and also from earlier experiences and 
other essential knowledge. A first analysis of the interview was made during the 
interview. After the interview the record was transcribed and a second analysis of the 
data was performed. The questions were sent in advance to the interviewees if specially 
required. The location of the interview was at the office of Combitech. The first three 
interviewees were people who were recommended from the dialogs, the rest were asked to 
participate after recommendation from other earlier interviews.  

2.3 Literature Study 
The literature that has been used in this study has both been printed and electronic 
material . The literature study was made and used as a knowledgebase and basis for the 
theoretical framework. Knowledgebase is the united knowledge and awareness collected 
to base the understanding of the projects, to create interview questions and to bas for 
discussions on.  
 
The literature study has been performed during the whole process to be able to 
complement with information to the report and to widen the base for questions and 
subjects during the different methods that were used. The literature has been found in 
books and articles from the university library and internet databases. Inspiration to find 
more literature and new authors has also been found from blogs and forums. Since agile 
methods and test processes are relatively new and still under development, the majority 
of the literature has been published during the last five years [2007-2012]. 
 
Search words that have been used are mainly: agile, test, process, methods, efficient, risk, 
minimization, metrics and measurable in different orders and combinations. Examples of 
search engines and databases that have been used are: Google scholar, IEEE Xplore, 
SpringLink – Computer Science, and ACM Digital Library.  

2.4 Focus Group 
Focus group is a type of interview, where a smaller group of people meet to discuss 
together a given subject of the researcher. The discussion is restricted in time and led by 
a moderator that initializes the discussion and new aspects of the subject. The goal is to 
get the participants to discuss freely with each other. The method can be used to study 
the participants’ opinions, thoughts, perceptions and arguments. One of the advantages 
with a focus group is that the participants ask each other questions, develop thought 
together and that thoughts can appear more spontaneously than in an individual 
interview.  [6] 
 
The reason to select a focus group in this study is to get criticism from experienced 
testers on the questions and reflections that the interviews and the literature study have 
resulted in. The intention was to create discussions concerning the test process and 
different statements that was shared with the group. The arguments used in the focus 
group by the participants did not have to be based on science, more preferable from own 
experience and opinions.  
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Members of the personal network EAST – Association for Software testers in 
Östergötland was presented the purpose of the thesis and people later volunteered to 
participate in the focus group. The statements that were presented to the group were 
based on opinions and expressions that emerged during the interviews. None of the 
participants in the focus group had been interviewed earlier. The members of this 
network were chosen because the participation in the personal network shows a genuine 
interest for test. Furthermore it is possible that they have participated in other personal 
networks, conferences or discussions and can contribute with information from those.  
 
The analysis of the focus group has been based on field notes from the discussion and the 
conclusion in the end. The whole discussion was recorded, but the recoding was only used 
to verify quotes. [6] 

2.5 The Recommendations in the Improvement 
Areas 

When gathering the recommendations from the data, repeated information and 
statements that seemed essential for the process was collected. They were divided and 
categorized in the same way as the categories for the subheadings. An analysis was 
performed of the chosen data to see which could suit in a common category and which 
belonged to their own. These categories later produced one recommendation each. The 
method used is called selective coding [4]. 

2.6 Critique of Method 
While performing interviews there is always a risk that answers from participants are 
adjusted to what they think that the researcher wants to hear instead of the real answer 
to the question. In these cases the quality of the data could suffer. [4] 
 
Due to company confidentiality I have not been able to take part of documentation 
concerning the projects and processes and therefore missed important aspects. I have 
tried to counteract this by performing more than one interview per project; this also gives 
me a closer view of the project and the experiences of the developers.  
 
The dialogs, interviews and the focus group have been performed in Swedish, all the 
quotes has been directly translated to English by the author, with the focus to keep the 
intention of the statement.  
 
As single author of this thesis and the only one to analyze and process data it is easy to 
get too familiar and colored by information and situations. It is hard to be objective to all 
new information.  
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3  Theoretical 
Background 

This chapter presents the background of test and development models that are needed to 
understand the topic and to highlight the purpose of this thesis. The basics of testing 
with different types and levels are also presented to show the width of knowledge that is 
needed, and how test is connected to the development processes.   

3.1 Basic Terminology 
3.1.1 Test and Testing 
The definition of test is wide and imprecise. According to IEEE test is defined as: 
“The process of operating a system or component under specified conditions, observing or 
recording the results, and making an evaluation of some aspect of the system or 
component.” And their definition of testing: “The process of analyzing a software item to 
detect the differences between existing and required conditions [bugs] and to evaluate the 
features of the software items.” [7] 
 
These definitions are from 1990 and can be perceived as a bit old and stiff in comparisons 
to newer publications and statements within test. Antonia Bertolino writes 2007: 
“Testing is now characterized as a broad and continuous activity throughout the 
development process, whose aim is the measurement and evaluation of software 
attributes and capabilities. Beizer states: More than the act of testing, the act of 
designing tests is one of the best bug preventers known.”[8] 
 
These two quotes indicate parts of the development of the test process. A new term has 
also been introduced into testing and that is checking. Bert Wijgers confirm in an article: 
“Part of testing is checking. Whenever we do tests to confirm that information systems 
behave according to specifications, we are checking.“ [9] 

3.1.2 Automated Test 
Automated tests aim to interact with systems; with a known input you have an expected 
output. The tests can run overnight and ensure that the system return the correct output. 
This is a way to eliminate human error factors and provide a significant shorter feedback 
loop to the development group. Automated test is one way to reduce costs by decreasing 
the hours of manual testing. [10] 
 
Automated test is a very important part of agile practices and many agile projects depend 
on it because it frees assets that instead can deliver high-quality code because manual 
test takes too long. Automated test is also good in the aspect that it creates a safety net 
for the tester and it provides documentation. [11] 

3.1.3 Bug 
Bug: “The word bug is a catch all term. It could refer to anything wrong with the 
software. Someone reporting a bug might describe a fault, a failure, or a limitation of the 
program that makes it less valuable to a stakeholder.” [12] 
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3.2 Software Test Basics 
3.2.1 The Test Process 

3.2.1.1 Linear Process 
Mutual for the linear processes are that the different phases are carried out sequentially 
and one phase needs to end before the next begins. This way of working requires that no 
changes are needed to be done on earlier closed phases. 
In these processes tests are often the last phase before demonstration to the end 
customer of a finished product. [13] 
 
The linear process is also called sequential or classic. Example of the sequence in a test 
process could be to plan the test, create test cases in form of written instructions, manual 
execution of the tests, creation of test reports, and finally evaluation [14]. The Waterfall 
model and the V-model are examples of linear process models.  

3.2.1.2 Agile Process 
The aim with an agile process is  to create space and opportunity for changes and to be 
able to create a flexible development environment where the communication with the 
customer is continuous [13]. The process does not place a specific operation to a time of 
phase; instead testing can be continuously performed from early in the beginning of the 
development to the end [15] 
 
More about the agile processes and way of thinking and working is presented in 3.3 Agile 
Recommendations and 3.4 Agile Development Models. 

3.2.2 Test Strategy 
Lisa Crispin defines test strategy as: “A strategy is a static document that seldom 
changes, a long-term plan of action. It is documentation about your overall test approach 
to projects. Used as a reference, can also be used to give new employees a high-level 
understanding of how your test process works.” [11] 
 
The definition by Shaye is more connected to the organization and the company: “The 
basics of the test strategy are to align the test strategy with the business value 
proposition for the release. Testing is performed to identify business risks by exposing 
defects. The test strategy is designed to find the most important defects as early as 
possible with the lowest cost.” [16] 

3.2.3 Test Plan 
The test plan is supposed to be written before the development of the product has started. 
The plan can be written for the project level as well as for subsidiary levels. [17] The plan 
needs to be specific for each and every project. One of the purposes of planning and 
writing  a  test  plan  is  to  bring  risks  to  the  surface  by  identifying  possible  issues  and  
dependencies. [11] 
 
Definition of a test plan according to IEEE: “A document describing the scope, approach, 
resources, and schedule of intended test activities. It identifies test items, the features to 
be tested, the testing tasks, who will do each task, and any risks requiring contingency 
planning.” As well as: “A document that describes the technical and management 
approach to be followed for testing a system or component. Typical contents identify the 
items to be tested, tasks to be performed, responsibilities, schedules and required 
resources for the testing activity.” [7] 
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3.2.4 Testing Techniques 

3.2.4.1 Exploratory Testing [ET] 
The Exploratory Testing is not to be seen as a test technique, instead it is an approach or 
a mindset and an investigation tool. It could be used as a supplement to any other test 
techniques. The definition of ET varies but one of them is by Cem Kaner: “a style of test 
that emphasizes the freedom and responsibility of the individual tester to continually 
optimize the value of her work by treating learning, test design, test execution, and test 
result interpretation as activities that continue in parallel throughout the project”. 
Merely ET is not about test execution; its approach can be used when developers are 
designing new tests in the beginning. [11]  
A more straight forward but less detailed definition is: “The tester designs and executes 
tests while exploring the product [17]. 
By performing a test when needed the exploratory tester is able to use the knowledge 
about the system to create new test cases, this makes ET seem more powerful than older 
types of tests that is not based on continuously increased knowledge and skill. [10] 
Focus in ET lies in learning about the system application when it combines test design 
with test execution by using interactive testing. [11] 

3.2.4.2 Risk-Based Testing [RBT] 
There are two different intersections of Risk-Based Testing; one of them is that the tests 
are  prioritized  by  the  largest  risk  to  the  system.  The  second  one  is  to  prioritize  in  the  
order by which bug that is most important to eliminate. Regardless it is a matter of 
prioritizing the order and scope of the risks that exists. [12] 
 
RBT helps the team prioritize the risks and tests. It creates an order of what to test, how 
much, and in what order. By prioritizing risks a pressured team will get more focused 
and it will help guide them to which less important areas that can be cut. It is always 
possible to reprioritize when new information is received; this means that the team will 
always have the most important test ready. [18] 

3.2.4.3 Regression Testing [RT] 
The reason to use regression testing is to ensure that no new bugs have appeared since 
the last change of the code was made. This is done by making the same tests that was 
made before the change was made. So RT is more or less to proceed with the same tests 
over and over again after every change of the software. With the amount of tests that 
occur, regression test is the type of test that automated tests are best suited for. [10] 

3.2.4.4 Context-Driven Testing [CDT] 
Context-driven testing follows seven principles, the first being that the value of any 
practice depends on its context. Every new project and every new application may require 
different ways of approaching a project. [11]  
The seven principles are the following:  
 

 The value of any practice depends on its context. 
 There are good practices in context, but there are no best practices. 
 People, working together, are the most important part of any project’s context. 
 Projects unfold over time in ways that are often not predictable. 
 The product is a solution. If the problem isn’t solved, the product doesn’t work. 
 Good software testing is a challenging intellectual process. 
 Only through judgment and skill, exercised cooperatively throughout the entire 

project, are we able to do the right things at the right times to effectively test our 
products. 

[19] 
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3.2.5 Metrics within test  
With an understanding for what metrics that belongs to which problem the chance to use 
the right metric increases. That is why a test result without any understanding does not 
say anything. Test results are an important way to measure progress, but only if one can 
interpret what they really mean. [11]  
Overall the coverage tells how much that has been tested in comparison to how much is 
available to test. [17] There are different types of coverage that can be used and the most 
common are presented below. 

3.2.5.1 Code Coverage 
Code coverage tells how much of the code that is exercised by the executed tests. But this 
coverage will not show if some functionality was missed.[11] 
 
One important part of this metric is that 100% code coverage does not say anything about 
the design of the code and its quality.[20] 

3.2.5.2 Test Coverage 
Branch coverage, condition coverage, decision coverage, path coverage and statement 
coverage are all different levels of test coverage. [17] 

3.2.5.3 Number of Passing Tests 
The number of passing tests is a ration of how many of the executed tests that has 
passed. It is also a way to show the status of the task by the amount of written, executed 
and passed tests. The written tests show the progress and the development, while the 
ration of passed tests gives an idea of the amount of code that needs to be implemented. 
[11] 

3.2.6 When to Stop Testing 
 
According to Boris Beizer there is no single, valid, rational criterion for to stop testing. 
Lee Copeland believes there are some more important than others. He mentions five 
basic criteria that are often used by organizations to decide when to stop testing: 
 

 You have met previously defined coverage goals 
 The defect discovery rate has dropped below a previously defined threshold 
 The marginal cost of finding the “next” defect exceeds the expected loss from 

that defect 
 The project team reaches consensus that it s appropriate to release the 

product 
 The boss says, “Ship it!” 

[17] 
 
It all comes down to many different variables, some more distanced then others, they can 
involve time, money, priorities and risks. 
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3.3 Agile Recommendations 
The following are statements and recommendations from well established people in the 
agile test area. The statements include values, principles and factors within agile 
development to succeed and maintain agile and efficient development according to their 
knowledge and experience.  

3.3.1 The Manifesto for Agile Software Development 
The Agile manifest is values that highlight the differences between agile and traditional 
methodologies [21]. It was produced in 2001. 
 
The Manifesto for Agile Software Development says: 
 
We are uncovering better ways of developing software by doing it and helping others do 
it. Through this work we have come to value: 
 

 Individuals and interactions over processes and tools 

 Working software over comprehensive documentation 

 Customer collaboration over contract negotiation 

 Responding to change over following a plan. 
 
That is, while there is value in the items on the right, we value the items on the left 
more.[22] 
There are also principles behind the Agile Manifesto which reads: 
 
We follow these principles: 
 

 Our highest priority is to satisfy the customer through early and continuous 
delivery of valuable software. 

 Welcome changing requirements, even late in development. Agile processes 
harness change for the customer's competitive advantage. 

 Deliver working software frequently, from a couple of weeks to a couple of 
months, with a preference to the shorter timescale. 

 Business people and developers must work together daily throughout the project. 
 Build projects around motivated individuals. Give them the environment and 

support they need, and trust them to get the job done. 
 The most efficient and efficient method of conveying information to and within a 

development team is face-to-face conversation. 
 Working software is the primary measure of progress. 
 Agile processes promote sustainable development. The sponsors, developers, and 

users should be able to maintain a constant pace indefinitely. 
 Continuous attention to technical excellence and good design enhances agility. 
 Simplicity the art of maximizing the amount of work not done--is essential. 
 The best architectures, requirements, and designs emerge from self-organizing 

teams. 
 At regular intervals, the team reflects on how to become more efficient, then 

tunes and adjusts its behavior accordingly. 
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3.3.2 Agile Testing, Nine principles 
These nine principles are presented by Elisabeth Hendrickson. 
 
Testing moves the project forward – test is not a quality gate with the tester as a 
gatekeeper. The tester is not alone of the responsibility of preventing bad software from 
going out to the field 
Testing is NOT a phase – testing is a way of life. Testing continuously is the only way to 
ensure continuous progress 
Everybody tests – the responsibility to get testing done should be on the whole team, not 
only the designated tester 
Reduce feedback latency – Long gaps between implementing and testing increase risk 
and waste. 
Tests Represent Expectations – The challenge is to find the balance point between testing 
for implicit expectations and making up requirements as you go. 
Bugs Don’t hang around – Buggy software is harder to test, harder do modify, and slows 
everything down.  
Reduce test documentation overhead – Instead of writing verbose, comprehensive test 
documentation, agile testers reuse, focus on the essence and uses lightweight 
documentation style/tools.  
Test is part of “Done” – “Done” is implemented and tested 
From test last to test driven – Defining the tests with the requirements 
[23] 

3.3.3 Seven Key Factors for Agile Testing Success  
These factors are presented by Lisa Crispin 
 
Use the Whole Team Approach – Daily collaboration and anyone can do any task. 
Adopt an Agile Testing Mindset – Don’t sit and wait – be proactive, apply agile principles 
and values. 
Automate Regression Testing – Quick feedback and more time for exploratory testing. 
Provide and Obtain Feedback – The team can use feedback to improve, to use feedback is 
a core agile value.  
Build a Foundation of Core Agile Practices - Use Continuous integration and work 
incrementally. 
Collaborate with Customer – Get Customers on board. Elicit examples and use 
whiteboard discussions. 
Look at the Big Picture – Use exploratory testing, use real world test data. 
[24] 
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3.4 Agile Development Models 
An example  of  how agile  models  are  divided  into  different  levels  and  how it  is  
possible to combine them: 

 Lean development is concerning overall principles which should be valid for the 
whole organization. 

 Scrum is how the projects shall be organized and be planned. 
 Exploratory testing describes the mindset concerning the test and programming 

within the development team. [20] 
 
 
 
 

 
Figure 2: A Sequential Development Model [25] 
 
 
 

 
 

Figure 3: An Agile Development Model [26] 
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3.4.1 Lean Development 
The philosophy of lean production and development is to manage resources. The aim is to 
create more value for the end customer, one way to do this is to eliminate waste, waste is 
unnecessary resources. Unused creativity or implementation of functionalities that the 
customer has not asked for are examples of what waste could be within IT. Other 
examples are poor customer service, missed communication, lost revenues and increased 
capital expenses. [27] 
Other ways to add value is the ability to deliver and adapt quickly to change [28].  
 
A definition of the principles within Lean software development would be to: respect 
people, create knowledge, defer commitment, build quality in, deliver fast, and optimize 
the whole. [28] 
 
A simple and clear example of what Lean is: 
Lean is a way of thinking and an approach to decisions; it is applicable in any process. It 
is all about getting the right things to the right place at the right time. [29] 
 
When working with software development this can include working in iterations and 
break down tasks to implementable size.  

3.4.2 Scrum 
Scrum is a project methodology, also called a framework for agile system development, 
where  the  importance  is  what  to  do  instead  of  how  to  do  it.  It  is  a  focus  on  the  team  
members instead of the technology. The methodology is based on the fact that the 
development process has a need to be flexible because it is both complicated and 
changeable. By using practices like sprint, sprint planning and scrum meetings the team 
can be self-organizing and the team members capability use everyones knowledge and 
experience increases. Higher productivity and better adaptability can be reached with 
daily meetings where potential problems can be discovered early in the process and 
removed immediately. [21] 
 
How long a sprint is depends on the team but most common is 2-6 weeks that iterate 
during the whole project time. A backlog is created with the product owner, after that the 
team is  supposed  to  work  freely  with  their  own responsibility.  Each  sprint  ends  with  a  
demonstration where operational software is shown to the product owner and other 
people of interest. After the demonstration a retrospective is performed. [20] A detailed 
description of retrospective is placed under heading 3.5.5 Retrospective. 
The daily meetings also results in better motivation and communication within the team. 
One of the essentials of these meetings is the team spirit so that when a member has an 
issue or problem to highlight or wishes to discuss, this is brought up and solved here in a 
good environment. [27] 
 
A product owner compiles wishes and requirements that represent the source of changes. 
He or she has the responsibility to prioritize requirements, and also to sorts them in a 
product backlog together with the team. The requirements will later be divided into 
smaller tasks where each and every one shall create value and be deliverable. [23, 11]  
 
The documentation that is produced in a scrum project varies from team to team and 
depends on what the team decides to do and what the product owner wants. The team’s 
backlog,  which is often best placed on a wall  where all  the team members can see it,  is  
also a type of documentation. [21] 



17 
 

3.4.3 Kanban 
The methodology Kanban is a part of the lean thinking; it is a lean approach to agile 
software development. It has three core parts which are: Visualize the workflow, limit 
work in progress, and measure the lead time. [27] Cards are used to display the work 
that needs to be done, and it is probably the reason for the name Kanban which means 
card. [20] 
 
A big difference between Kanban and Scrum is the interaction with the product owner. In 
kanban the product owner has the possibility to change requirements at any time, in 
scrum the team is supposed to be isolated from the product owner during the whole 
sprint. [28] 
 
As mentioned in the clarification of Lean the purpose is to eliminate waste. Kanban 
attempts to decrease productions costs, increase quality, and shorten cycle time by the 
scheduling. The expectation of the scheduling is among others to improve flow, visualize 
the process, and improve responsiveness to change in demand. In Kanban the awareness 
of production issues and forth coming tasks is important. The flow is supposed to be 
smooth and to avoid bottlenecks. Kanban attempts to reveal problems in the flow  by 
providing  a  way  to  visualize  the  flow  of  tasks,  this  is  often  done  in  the  same  way  as  
scrum, with a board placed on a wall that all team members can view. Kanban empowers 
people with a minimum set of required rules to follow. [28] 
 
Each card on the Kanban boards symbolizes the work to be done on a feature. How the 
card is moved on the board show the features progress through the process, with one 
column for each step. The system is designed to limit the work-in-progress so that the 
flow does not become to slow. To limit the flow a maximum number of items is set on each 
step. [30] 

3.4.4 Extreme Programming (XP) 
XP focuses on the programming technique, the communication and the team work. It 
should be excellent application of techniques, the communication clear and a teamwork 
that allow an accomplishment that previously was not manageable. [31]  
 
The methodology is aimed for small and middle sized software teams, It is an iterative 
and test driven process that is efficient, flexible, predictable and has a low risk. [32]  
 
The core of XP is described by practices, values and principles. Ken Beck, the creator and 
developer of XP, explains the terms like this: “Practices are the things you do day-to-day. 
Values are the roots on the things we like and do not like in a situation. Bridging the gap 
between values and practices are principles. Principles are domain-specific guidelines for 
life. The goal of XP is outstanding software development. Software can be delivered as a 
lower cost, with fewer defects, with higher productivity, and with much higher return on 
investment.”[31] 
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3.5 Development Techniques and Tools 
The following are techniques that can be used by programmers and testers to contribute 
to better software and quality to the product. Some of these are recommended in the 
methodologies but are here further explained. 

3.5.1 Test Driven Development (TDD) 
Easily explained Test Driven Development is about writhing one test at the time before 
that part of the code is written. [30] A TDD cycle could look like the following: 
 

 Write a test that expresses a code-facing expectation. 
 Make it compile. 
 Run the test and see that it fails. 
 Make it pass. 
 Refactor. 

[33] 
 
Test-driven development is an advantage to both the developers and the project as a 
whole. TDD generally results in higher quality code and creates automated tests as a by-
product. This practice also raises developers’ awareness of testing, which can only be of 
benefit to the testers. [34] 
 
TDD is explained by Lisa Crispin as: the programmer writes and automates a small unit 
test before writing the small piece of code that will make the test pass. The production 
code is made to work one test at a time. [11] 
 
The goal with TDD is to get clean code that works. 
 

 Write a failing automated test before you write any code 
 Remove duplications 

 
These are the two rules that Kent Beck believes can help us to work closer to our 
potential. TDD according to him should be a technique that inspire confidence to any 
software engineer and encourage to simple design and test suits. [35] 

3.5.2 Pair Programming 
Pair programming implies two programmers working together with the same code at the 
same time, exchanging thoughts and ideas to contribute to better software. It leads to 
improved communication which in turn leads to increased cooperation. Pair programming 
is a way to create code together; it results in a continuous dialog and higher productivity, 
less bugs and better technical work when the pair exchanges their knowledge during the 
development process. [34] 

3.5.3 PingPong 
PingPong is a variant of pair programming where the first person writes a test that fails, 
the second person then modifies and writes code that makes the program pass the test. 
After that the roles switch and the second person writes the test that is supposed to fail 
and the first person now write and modifies the code. [36] 
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3.5.4 Continuous Integration 
Continuous integration is the way to integrate recently implemented code with the rest of 
the system to make sure that the function passes in the whole system. [34] 
 
Continuous integration is introduced and presented in the explanation of XP by Kent 
Beck: “Integrate and test changes after no more than a couple of hours. The integration 
step is unpredictable, but can easily take more time than the original programming. The 
most common style of continuous integration is asynchronous. I check in new changes. 
Soon thereafter, the build system notices the change and starts to build and test.” [31]  

3.5.5 Retrospective 
Retrospective in an evaluation meeting with the team where experiences and lessons 
learned from the last sprint are discussed. The purpose and aim is to increase the team’s 
knowledge and awareness to gain more motivation into the next sprint. This is also a 
great way to highlight what needs to be improved in future work. [20] 
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4  Findings 
This chapter reveals the results from dialogs, interviews, literature study and focus 
group. First four different templates of projects are introduced that focuses on the 
presented categories, for example, the tester, the team and the process that are important 
parts of the software test process. Later the results of the interviews, the literature study 
and the focus group are presented individually with the same subheadings as the 
templates.  

4.1 Different Template of Projects 
The following are different templates that describe projects that can occur at Combitech. 
These types do not cover every kind of project, past and future; instead it is a way to try 
to describe the differences that can occur. Hopefully other and future projects are able to 
relate to one or more of the templates and the final recommendation. The templates are 
results from both the dialogs and the interviews.  
 
Each template is based on an existing project, the description is later generalized both for 
security and confidentiality reasons, and also to increase the number of projects to which 
it can be identified with.  

4.1.1 The Project with the unguarded team  
The customer has the power to move resources to and from the teams no matter where 
they are in there sprint. The teams have their own area at Combitech where they can 
redecorate as they please. The size of the teams that work together in these project 
varies, but they all work on the same product for the customer.  
The template is based on the information and statements from three interviews.  

4.1.1.1 The Tester 
All the interviewees think that creative thinking is important to motivate the work with 
testing, it can not be too monotonous. One interviewee comments how unjustified it could 
be to do those tests manually that could have been automated, it is perceived as a waste 
of time and resources.  
 
The team has tried exploratory testing and that is one example of where creative 
thinking is needed, it is also appreciated because earlier experiences is an advantage. 
When discussing what is needed as a tester one states: “Everyone does not have the right 
mindset to work with test. Working with test is both thinking and analyzing, and also a 
combination with the gut feeling”.  
 
None of the testers in the interviews have a certificate within testing, it is also fairly rare 
with education focusing on test. The reason is that it does not feel needed in their daily 
work, and it is neither required from the employer or customer. They are all aware of the 
test course that Combitech provides.  
 
It is important to have an open communication within the team so that there is an 
understanding for every ones work and responsibility. Communication can help to clarify 
the role of testing in the development process.  



21 
 

4.1.1.2 The Team 
During the last year the attitude towards test has changed within the teams. Mostly 
because they got information and help from a colleague outside the team. He presented 
test and new ways to work with it. This highlighted the purpose of implementing test 
early in the process. They tried out exploratory testing and it got a very positive response 
in the team that resulted in an increased understanding for the meaning and importance 
of test.  
 
In the team the members are pretty fixed within a type of assignment and role. The 
common opinion is that both programmers and testers can test the software, but this is 
not utilized today.  
 
There are people in the team who have knowledge and experience within testing; they are 
often a little bit more responsible for development of test cases, planning, and prioritizing 
of tests.  
 
Communication is very important which is mentioned several times during the 
interviews. For example it is mentioned as a possible tool to improve the spreading of 
knowledge and experience inside the team. The interviewees state that communication is 
a way to continue forward for the team and the cooperation.  
 
One experienced tester expresses her opinion concerning the composition of the team: “I 
think it is important in a team to have at least one experienced and talented tester as 
well as some that are strong in programming, and together with this some that are a 
little bit of both and can do anything.“ 

4.1.1.3 The Process 
Within testing the team is responsible for, unit testing, function testing and feature 
testing, as well as regression testing. This project uses scrum as their development 
process apart from the last period of time before release when the customer wants them 
to focus entirely on test.  
 
The team uses Scrum as much as they can like sprints, burn down chart and stand-up 
meetings. The attitude towards agile and Scrum differ but it is mostly positive.  
 
There is an expectation within the team to be able to include test even more into the agile 
process with iterations and continuous integration than what it is today.  
The interviewed testers from the project also mentions how bugs were discovered in 
another way, after the tryout with ET. The team has decided to try to give exploratory 
testing its own task on the scrum board. “We would like to introduce more of Extreme 
programming to our way-of-work, and we are there for going to discuss this with our 
Product Owner and estimate for it in the sprint.” By trying Exploratory testing the team 
realized a change would be beneficial. By changing the way to test new bugs would be 
found. Today the same tests are executed over and over again from week to week, which 
gives results, but according to the interviewees not in the same way as it could with 
alternating test techniques. 
 
“As a team we can plan the work pretty much on our own, as long as we deliver what is 
expected and agreed. But we can not decide everything; we have to follow the process 
which is rather strict.” When test strategy and plan are discussed in the interviews one 
answer is: “Strategy: To test the feature against the requirements and cover them all. 
Plan: Try to have a test ready when the programmer is ready with a part so that the 
testing  can  begin  as  soon  as  possible.”  Which  is  later  followed  by:  “It  is  good  when the  
tester can contribute as early as possible in the development process to facilitate test. It 
also makes it easier to connect different tests to requirements.” 
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Pair programming is used in the team, but it is voluntary, it is up to each team member 
to try and see if it suits them. One of the interviewees uses it often:  “It is nice to be two 
to be able to discuss ideas and possibilities, as well ass solutions to challenges.” 
 
The team use Continuous Integration while developing.  

4.1.1.3.1 Documentation  
The interviewees questions if the documentation really is necessary and used. But no one 
expresses that the documents feel redundant. “It is hard with documentation that can be 
done in many different ways”. Different information is included depending on what this 
person thought was prioritized. The type of language and vocabulary that is used could 
also differ.  
 
The team uses Scrum as their development process, in the framework it is recommended 
to use a burn down chart, to illustrate the passed work flow. This burn down chart is also 
documentation from the process.  

4.1.1.3.2 Metrics 
The testers have very low belief is the metrics that is notified to the customer. They do 
not believe that the numbers tell enough about the systems and its state. Most common 
metrics mentioned is number of passed tests. Suggestions on better metrics that are 
mentioned are: How serious is the bug, How many are they, and When do they occur? 
Another suggestion is to ask those who work with and test the product about its health.  

4.1.1.4 Combitech 
Combitech have a course in testing no one of the interviewed in this project has taken. 
Beside that Combitech is mentioned as a supportive and comforting employer which is 
appreciated and needed. In situations when help has been needed with discussions about 
communication and planning Combitech has been there for the teams. 

4.1.1.5 The Customer 
The  team  is  expressing  a  good  view  of  the  communication  with  the  customer.  It  is  
important for the customer that as much as possible of the tests are automated. 
 
As earlier mentioned and quoted the customer decide the way-of-work, but the team does 
not state this as a problem, more like good support. They express how it is possible for 
them as  a  team to  decide  some things  on  their  own as  long  as  it  is  within  the  decided  
framework from the customer.  
 
In this project the customer holds automated tests very highly and tries to prioritize it as 
much as possible. 

4.1.1.6 Risks 
The interviewees discuss the risks created when a test is not correctly written or 
implemented, which could lead to a false sense of security. This often appears when there 
is an absence of understanding, knowledge or experience. This does not only concern 
software quality; it is also a question about time and money.  
 
One tester raises the risk with doing the same type of tasks over and over again, creating 
key persons with expertise like no one else. When this happens knowledge is kept to this 
person and not shared with the team and then the team is vulnerable  
 
Motivation is not mentioned as a risk by the interviewees,  but all  of  them bring up the 
importance of it. According to them poor motivation can lead to ineffective and unfocused 
work, which is a risk for the development process.  
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4.1.1.7 Vision of Change 
The Scrum master and the team has a hard time planning and estimating when people 
come and go into the team, the effectiveness of the work gets effected.   
 
The team has experienced that there has not been enough time earlier to perform the 
type of exploratory test that could be needed. Something that is mentioned is that an 
inspection of the code and the testing should be done earlier than today, some bugs are 
discovered a bit too late which makes them harder to solve. Test is important, but that is 
not shown. 
 
Today test is suffering if time is too short, that is something the team would like to 
resolve by discussing the importance of test together in the customer.  
 
If each product had a person who had the over all responsibility for the testing this 
person would be the best to answer questions about the health of the product and how the 
over all testing is going. With one person that is familiar with test and the product would 
probably be better than a number on a paper.  

4.1.2 The Project with the guarded team  
This team develops software for the customer’s product, where the team has a major 
responsibility because of the security and risks involved in the product. The team is 
gathered in the same room at Combitech. They try to have a consistent number of 
members in the team of 6-8 people.  
The template is based on the data from three interviews, where one on the interviewees 
is scrum master in the team.  

4.1.2.1 The Tester 
In these teams they are all developers and share the testing and the programming. This 
increases the communication in the group and the shared knowledge. The interviewees 
have confidence as testers in what they do and accomplish. “It is quality in what I do”.  
 
One of the testers has taken the Combitech course and really encourages others to take 
it, mostly because it gave the basics within testing to start from.  
 
When discussing what makes a good tester one answer was: “Older testers often test 
better because of experience, at the same time new testers can sometimes be better than 
those with some experience because they have no box to think within.”  

4.1.2.2 The Team 
Something that is distinctive for these teams is how much the individuals appreciate the 
group they work with. They all say that the social spirit in the team makes them enjoy 
work. The spirit is mentioned before fun work tasks and the urge to solve problems. This 
result in a good open environment and solidarity within the team and the members really 
care about each other.  
 
In each team there is a member with experience of test. This person does not have the 
whole responsibility for test, instead the expectation is that the responsibility is shared 
and everyone is supposed to be able to work with everything. The reason for a person 
with experience in the team is to be able to answer questions, someone to discuss 
problems with and that can coach new comers.  
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The Scrum master is the person who has the responsibility for the communication with 
the customer. To isolate the communication is suppose to protect the team from sudden 
changes and opinions, this allows them to work undisturbed. The team sits together in an 
environment that is adapted to the agile way of working.  
 
“When someone new comes to the team we spend time on introducing this person and 
involve him or her in the work. We have noticed that if  we do not spend this time and 
effort in the beginning we will suffer for that for a long time after by ineffective work.” To 
get someone new in to the team and contain the good spirit and way-to-work, it is 
important to show what is prioritized; the members are the crucial ingredience to make a 
good team. The team has a lot of big responsibilities and is dependent of each member. 
“We help each other and have fun when we work!”  

4.1.2.3 The Process 
The team is responsible for unit test, and then the next level of testing, integration 
testing, is a joint responsibility with the customer.  
 
The teams uses Scrum when they work. They feel protected from the customer during the 
sprints in the sense that all the communication goes through the scrum master. Scrum 
works even though the customer does not use Scrum and does not have a product owner 
that can answer those questions. The team members use PingPong within the team to 
avoid getting too familiar with the code so that they become blind for their own mistakes.  
 
There exists a good planning that is continuously updated and an expressed test strategy 
that is followed by the team to be able to ensure the code quality to the customer. There 
is a well established process how bugs shall be reported and how the prioritizing should 
work. “We try to visualize the planning, to be able to see problems with the flow, Lean 
thinking. But Scrum is the method they use.” A part of the strategy that is mentioned is 
to first implement the test to see that it does not pass and after that implement code to 
the product, TDD. When discussing planning the comment is that they try not to plan to 
far ahead because of the expenses to book a verification time slot without using it.  
 
Beside  PingPong  the  team  uses  a  technique  they  call  buddy  tests,  which  is  when  a  
colleague review the code with associated test that someone else has produced. The 
reviewer shall then return with questions and suggestions on improvements. In this way 
the code is examined at least by two developers before it is checked into the rest of the 
software. 
 
They use retrospective and think it is important and works very well, they work together 
for a common goal, communication is very important. A test plan might not be 
documented on paper, but it is noticeable that they always discuss and have a continuous 
communication about goal and purpose to gather the group in the work.  
 
In the team PingPong, TDD and Buddy tests are used to produce the best code and 
product the importance does not lie with what they used, it is that they use what they 
think suits them the best.   

4.1.2.3.1 Documentation  
There is a lot of documentation, but that is accepted by the teams because of the 
understanding why the documentation is needed and used. Description of what is 
documented: “We document all the important parts”. 
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4.1.2.3.2 Metrics 
One metric that concerns all code is the 100% Code Coverage. “I feel that it is quality that 
we produce”. No other metrics are mentioned as used and important. 

4.1.2.4 Combitech 
Within Combitech the organization is flat, when changes are suggested the developers 
can  easily  join  in  with  their  knowledge  and  experience  to  make  the  change  as  good  as  
possible for everyone affected. The teams work area is adjusted for agile development and 
contributes to the open communication and the possibility to isolate the team from the 
customer during the sprints.  

4.1.2.5 The Customer 
Earlier there have been problems with some dissemination of information, but after 
discussion between the customer and Combitech it has changed and becomed better. 
Today all the communication with the customer from the team goes through the Scrum 
master. 
 
The  customer  believes  in  the  team and their  work.  That  is  one  of  the  reasons  why the  
cooperation works even though the customer does not always themselves implement agile 
methods. Both the team and the customer adjust to get the cooperation to continue. One 
of the things for the team to adjust to is that the customer needs an estimation of the 
amount of man hours for the work that shall be done.  

4.1.2.6 Risks 
One risk elimination is to share information and types of work tasks among the team 
members. If external circumstances make a member unable to attend, the knowledge and 
information of this person will not be lost completely because it is still within the team.  
 
The pressure is often very high on the team and what they produce because of the 
requirements on the products, its security and safety.  
 
One risk is if the communication does not work properly, and then when requirements 
change as they do in this project. It is mentioned how hard it is to return to the founder of 
the requirement and ask about purpose to understand the background. Because of the 
quick changes it is important the test specifications are well written and updated, the 
risk is to receive a specification that is old and changes have been made that have not 
been documented.  

4.1.2.7 Vision of Change 
Nothing is mentioned that has an urge to change. The developers that are interviewed 
are very satisfied with the way they work. But one comment that should not be ignored 
is: “It is easy to forget how much time that is needed for testing”. 
 
When a change is made it is well grounded in the teams before it is performed. The 
interviewees experience responsiveness from decision makers, everyone can contribute 
with opinions and suggestions.  
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4.1.3 The project in another office  
The project in another office has major differences from the other projects that they 
resolve bugs from an already delivered product. This team is placed at the customer’s 
office which creates another difference from the other teams with the communication to 
the customer. The team can not be isolated and work undisturbed from the customer.  
The template is based on the data from three interviews.  

4.1.3.1 The Tester 
There is no one in the team who is educated within test or is a well experienced tester. 
Earlier the attitude towards testing has been low and testers have often been seen as 
Gate-Keepers. This situation has been enhanced by poor discussions between designers 
and testers from time to time. 
 
The goal when working within these teams is that everyone shall be able to do 
everything, have all the knowledge needed for all the different work areas. To accomplish 
this good communication is needed 
 
When discussing the possibility of experienced testers in the team one comment is: “I do 
not think there exist enough good testers. Good imagination is needed and some sort of 
total commitment feeling to be a good tester, you also need to be proud of what you do.“ 
 
When you are new to the work place you are introduced to a mentality in the team that is 
about good work and commitment.  

4.1.3.2 The Team 
The team works in their own little world isolated from everything else besides those who 
use the product they work on. 
 
It is important in these teams to change and rotate the responsibility and type of work. 
The attitude towards testing has changed during the last six months because they 
decided to try together and see if there was a difference to use test properly. The more the 
team works with test the better the attitude towards it becomes. Because of the fact that 
there are no members in the team that has long experience or education within test, all 
the members are on the same level, but it also results in harder work to implement test.  
 
The team is very gathered in the way that they are all in about the same age and 
knowledge within the project. They do not experience any trouble with lack of knowledge 
because they get the missing pieces from one level up in the organization that they have 
good connection and communication with. The last year there has been a large turnover 
on people within the team. The interviewees comment on the importance of open 
communication and to be able to deliver constructive criticism, discuss different matters, 
and express their views. Respecting each other is a corner stone. It becomes easier if the 
members have a common goal.  
 
Because of the importance of shared knowledge the requirements on the communication 
is high. The team uses retrospective and focuses then on “What were the important 
things that we learned from this iteration”, “Which were the large concerns during this 
sprint?”  
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4.1.3.3 The Process 
Scrum does not suite this team because they can not work undisturbed during the 
sprints. The customer has to be able to reach the team all the time and give new 
assignments that can not wait to the next sprint. Instead the team has chosen to use 
Kanban. The team tries to use TDD as well as pair programming as standard in all 
development and testing. The team has earlier tried to use PingPong, but it did not suite 
everyone,  those who liked it  can use it  but it  is  not mandatory.  They use TDD because 
they know the bug and then it is easy to notice that way when it is fixed. The reason for 
pair programming is that the products are big and complex; more than one single persons 
experience and knowledge is required when producing code. Besides that is it a great way 
to spread knowledge.  
 
It is not possible for these teams to work with test like developing teams because here the 
bug is given and a solution is supposed to be invented. It is also different in the way that 
they test products that they never has touched or worked with before at all. It is hard to 
plan what because of the flexible arrival of tasks, but they use a Kanban board and that 
helps them to limit the work in progress. The test strategy for the team is not the same: 
“There is a test strategy that is not used.” Instead they do as they are used to.  

4.1.3.3.1 Documentation 
The documentation that is used is a wiki-page that they have administrated on their 
own. The expectation of this page is to have something to begin with for those who are 
going to start on a product they have not worked with before. The wiki is also good when 
someone new enters the team, to get them up to speed. It helps both to understand the 
process and to become more familiar with the products. 
 
When a project starts it is easy to make the assumption that documentations will not be 
needed  because  the  product  is  small  or  it  is  the  same  people  who  will  work  on  it.  But  
often a small product becomes something that was not planned and then the 
documentation from the beginning would have been good to have. User guides for the 
product is good documentation both for the developer and the tester to create the 
awareness of the end customer, it is also commonly used to introduce new members of the 
team.  

4.1.3.3.2 Metrics 
The customer does not ask for any kind of metrics. Some mentioned that it could have 
been useful to have some kind of overview of where bugs are found and when they are 
solved to get statistics on where the bugs are.  

4.1.3.4 Combitech 
As employer Combitech supports and encourage the consultants. “If I ask a question I can 
expect to get an answer” continuing “Combitech are keen about our individual 
development with courses and experience exchange. Regularly we have meetings with 
other scrum masters and project leaders from Combitech to debate different situations 
and learn from each other.” 

4.1.3.5 The Customer 
The team has weekly meetings with the customer to discuss the progress and planning, 
these meetings are great occasions to present suggestions and questions that the team 
has. They experience that they get heard when they present something to contribute to 
the work.  
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4.1.3.6 Risks 
One of the interviewee’s opinion about agile testing: ”It is hard to implement agile 
thinking, it takes time and requires a lot from the team before it works perfectly. If the 
team does not have the energy to complete the transition the time and money spent is 
wasted.” 
 
Some see the tester as a gate keeper, someone to try to pass as quick and easy as 
possible. With this attitude the possibility to use the knowledge within test passes by. A 
good discussion between design and test can prevent bugs and mistakes. When seeing 
test as an unnecessary pain the risk is to miss out on important knowledge and 
discussions.  

4.1.3.7 Vision of Change 
Something that the interviewees think would be good is to have simple documentation to 
see where all the faults appear and see some kind of health of the product.   

4.1.4 Project Resume 

4.1.4.1 In Common 
One thing that is in common for the different projects is the absence of clearly 
documented and stated test strategies and test plans. There it also some confusion over 
which is which. Many of the interviewees say that it probably exist a strategy or plan for 
testing, but they can not specify or pinpoint it.  
 
One of the most important parts that are in common for the projects is the 
communication with the customer, even if it is managed in different ways. The teams 
experience that it works and that they are being heard. The teams can suggest changes 
and even if the change does not go through the entire way it has been considered.  
 
All of the projects are transitioning towards agile development and testing, some further 
than others. Most of them use retrospective and are aware of different possibilities like 
pair programming and TDD. In this process of change many mentions the change of 
attitude towards test, it is no longer just checking against the conditions and 
requirements.  

4.1.4.2 Differences 
The amount of documentation is something that is very different between the projects. 
This is mostly because there are different kinds of products that are developed or 
maintained, but also because the documentation is used very differently depending on the 
customer.  
 
Some of the project teams are very guarded with scrum master and a process that keeps 
the customer away during the sprints. And some teams have a continuous 
communication with the customer during the whole sprint with quick decisions and big 
changes more or less overnight.  
 
The customers knowledge and awareness of agile development is very different, and the 
understanding of the process and how the team choose to work. The most common is that 
the team can work freely as long as they produce what is asked with in the time that is 
given. The customer tries to assist with a product owner or what ever that is needed, but 
it is not always possible.  
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In some of the teams the interviewees point out how important it is to rotate and switch 
the task so that everyone has a broad knowledge of the product and the workflow. In the 
teams that is not applying rotation the frequent comment is that they do not want to do 
the same thing over and over again since it is boring and unjustified. 
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4.2 Interviews 
Ten interviews were conducted and transcribed The complete result is presented below 
under the same subheadings as the templates of projects.  

4.2.1 The Tester 
None of the testers that have been interviewed have any certificate within testing, and 
very few of them are interested in getting one. Few have any education concerning test 
even though Combitech provides courses.  
 
A majority of the interviewed describes the work process as agile and flexible. There are 
many of the interviewed testers who say that they can see a difference in the attitude 
towards test. First and foremost the change is from: “testers are the only one that should 
conduct testing” to: “everyone can test”. The change is also how much people are aware of 
the importance of testing and that it should be carried out in the right way. 
“Communication is important for the job, an understanding for the work we do.”  
 
It is stated in the interviews that it is your mindset and way of thinking that determine 
how good you are when it comes to testing, many claims that there is a difference 
between a good tester and a good programmer in the teams. One of the interviewees 
prefer having at least one skilled tester in each team and also really good programmers, 
then there could be some in the middle that can do a little bit of both. Another 
interviewee expresses the concern:” It is the way of thinking to become a good tester, and 
I do not think there are enough good testers. You have to think it is fun to break and find 
the holes.” Another interviewee tells the important ingredients of being a tester:“ It is a 
lot of gut feeling when working as a tester.” A third interviewee’s view: “To have the 
knowledge of both testing and programming probably makes you better at both and a 
better developer. “ 
 
It seems that it is the challenge and change that makes test fun to work with for the 
interviewed testers. When asked why it is fun to work with test the answer is: “Because I 
have  to  use  and  challenge  my  creative  thinking  all  the  time.”  They  express  how  
important it is to keep developing as a tester and, within the team, change task and not 
get put in a box with only one kind. “I want to be creative when I work; I get to be that 
when I  work  with  exploratory  testing.  When it  is  new,  then  it  is  fun!”  Said  by  another  
tester from another team: “The social team spirit, fun tasks and solving problems, which 
is what makes me like my job”. 
 
As a tester you shall not get too close in all discussions and planning because the risk is 
that you get to subjective, as a tester imagination is required and to dare to test outside 
the box. In this way test becomes preventive as well as checking. “To be able to give 
support to the tester it is important to have a proper structure and established test 
process.” 
 
It is requested by a tester to have the knowledge of how to write a test that tests the 
conditions that is required and not the syntax. The importance of this is to be able to 
automate tests in a way that they can run over night without needing manual 
adjustment afterwards. “Today some of the automated tests are not implemented 
correctly, which besides a false sense of security produces manual work as well.” 
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4.2.2 The Team 
Within the team the communication is open, they use the opportunity with retrospective 
within the agile methodologies to develop within the team and be able to use common 
knowledge in the best way. “You have to share knowledge and experience within the 
team to develop and move forward.“ It is important to think thoroughly when putting a 
team together so that people complement each other and a good team spirit is created. To 
be able to create a good open communication it is important that the leader, as a role 
model, starts to share thoughts and ideas and communicates. If one shares often someone 
else comes along, the same for respecting each other and the team spirit. When the 
communication is poor the solution is: “It is important to lead by example in a group if 
you want an open communication in a team.” Says one of the testers who has been scrum 
master.   
 
There is awareness about the agile thinking and way-of-work, and also a curiosity to 
develop the methodology to the best both for the team and the software development. If 
the members in a team can share knowledge from earlier experiences and promote what 
they think works, then that could be a good way to start discussions of a way-of-work. 
Also the attitude is changing “The more we work with test the better the attitude towards 
test becomes.” 
 
The teams feel that they can decide some things on their own even though way-of-work 
often is written in stone. Examples of this are to sit together, having common 
responsibility and team discussions creates a team spirit and a group. But a common 
comment is that it is hard to plan because of quick changes that are made within the 
team.  
 
Everyone has to be able to work with everything, which is when it gets efficient. Rotation 
is important for the understanding of the product. If the knowledge is within the team it 
is never hard to ask: “It is important in a team to have at least one experiences tester, as 
well as experienced programmers because of their knowledge.”  

4.2.3 The Process 
Scrum  or  Kanban,  the  importance  is  not  what  it  is  called;  it  is  how  it  is  used  and  
implemented. It is appreciated when the method is suitable for the situation:” Agile feels 
good, it is flexible and can follow our need of how-to-work.” It is important for the 
motivation that the work and process are visible and the team can see what they have 
agreed to work on. One reflection during the interviews was how hard it was to 
implement and establish agile methodologies in a team. “It takes time and effort, but 
when it finally works, it works great.”  
 
Different teams and projects use different methods and techniques. TDD, Pair 
programming and Pingpong are those who are used the most. All of the interviewed 
testers mention how important it is to have a second pair of eyes on the code, and that is 
why it is so useful with these tools in the process.  
 
There is seldom anyone has a concrete answer to what their test strategy or test plan is. 
Often there is an order to do things that is decided and explained when asked. “We try to 
visualize the test process to better anticipate problems in the workflow.” Another way for 
the team to anticipate problems is retrospectives. The teams use retrospective to evaluate 
the  last  sprint  to  get  the  possibility  to  use  the  earned  knowledge  in  the  future.  “It  is  
really useful, and it helps us to communicate”. When evaluating a sprint, often the 
signification of test will be revieled, and might also give test a higher priority in planning 
for the next sprint.  
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Time to test is often shortened when there is something else of the development process 
that needs more time. The most common reasons for not testing are not enough time, not 
enough resources or no requirements on test. 
 
When a team tried out Exploratory testing they got a lot out of it, both improved attitude 
towards  test,  found  new  and  other  bugs  as  well  as  something  new  to  work  with.  One  
example of a bug that was found earlier than expected was the change from upper to 
lower case letters, something that is not with the automated tests that do the same thing 
over and over again.  

4.2.3.1 Documentation 
Documentation can be used for many different purposes which are shown in the broad 
spectra of answers to the questions. The most common answer is aligned with: “The 
documentation should sometimes be better motivated and explained to us who produce it 
to motivate for a well written documentation of the work that has been done.” The 
knowledge that is needed is about the target group, and in which situation the 
documentation is supposed to be used often helps the writer a lot. “Very much of my work 
time goes to documentation, and if nobody bothers to read it feels like the time is 
prioritized incorrectly.” 
 
The user guide is one document that could be used even more within some teams. One of 
the interviewed explains how they use that documentation to help new members of the 
team to get to know the product and the end user. Documented test can also be support 
for the testers and bring them up to speed on what has been done earlier and the results 
that gave.  

4.2.3.2 Metrics 
“It is not possible to measure test” that is the most common answer when discussing 
metrics in the interviews. “What is possible is to get knowledge on the “health” of the 
product and software”. A metric that is mentioned as important to be aware of is the rate 
of bugs that occur when the end user has received the product. A common comment is 
that the customer is looking at the wrong metrics, metrics that does not really say 
anything about the products health and development.  
 
Metrics that are used are for example code coverage, number of executed test cases and 
how many of them that passed. The interviewees are in an agreement that no metric says 
it all and no one says enough, it is the health of the product that should be of importance 
when measuring.  
 
When deciding on a metric the organization needs to know what information that they 
are looking for to be able to ask for the right one. Not only because different metric says 
different thing, it is also because the asked metric affect the developers behavior. If the 
customer wants 100% code coverage, that is what they will get, but what does the 
coverage say about the quality of the code that is written and executed? What the 
interviewees think is important to know about the product is: How many bugs that are 
found when used by the end customer? How serious are the bugs that are found? When do 
the bugs appear? 
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4.2.4 Combitech 
There is a test course at Combitech but the majority of the interviewees are not 
interested in taking it. The most common reason for this is either that they are so 
experienced that they think the course is too basic, or that they do not want to continue 
with test tasks and get stuck as a tester. Those who have been to Combitech's course in 
testing has appreciated it and recommended others to take it as well. Knowledge is very 
important, and the interviewees express their gratitude towards the possibility to 
different courses, and that the quality of the education is high within Combitech. But the 
expectations on Combitech are also high “If I ask a question I expect them to be able to 
answer” one interviewee answered when asked what Combitech can support him and his 
team with.  
 
The interviews show that the employee feels a good support from Combitech in the work 
that they perform. Combitech as the consulting firm needs to be supportive in the agile 
area, to be able to motivate and make suggestion on changes that can suite all 
stakeholders. Another opportunity for a consulting firm is the arranged meetings 
between project leaders and scrum masters which facilitates knowledge exchange 
between teams.  

4.2.5 The Customer 
The agile methodology is perceived differently, but the common attitude from the 
customer is that as long as what is expected is delivered as planned to the customer does 
not seem to mind too much of which methods that are used. They might want to know 
what it is, how it works and why, and often an estimation of time is required by the 
customer to be able to budget the project, even if the teams work in an agile way.  
 
The communication is really important. Both between the team and the customer, but 
also on higher levels between Combitech and the customer so that decision making is 
going smooth and does not disturb the team. To improve the communication some teams 
have regular meetings with the customer that also shall ease up the planning in the 
project. Planning is hard both for the customer and the team when resources come and 
go. Many teams try to have the communication with the customer through the scrum 
master, to protect the team and their work, but it works varyingly well.  
 
The consultants are respected and appreciated when suggestions are presented, probably 
because it shows that the consultants care for the product and the development within 
the customer’s organization.  

4.2.6 Risks 
Risks that are mentioned during the interviews are mostly concerning the attitude 
towards test, test should be seen more as a way to prevent bugs in the software than 
what it is today. By testing from the beginning of the process the team is able to get a 
better design that prevents bugs. The risk of having the wrong attitude is established 
most commonly because lack of communication and cooperation between different teams 
with different responsibilities. It also occurs when the knowledge is not sufficient to 
correctly implement test, for example automated tests are implemented, when they are 
executed  faults  in  the  test  alerts  instead  of  faults  in  the  code.  This  results  in  spending  
time both on creating automated test cases and after that manual test to see why the 
execution alerted. Beside the waste of time a false sense of safety could occur if the test 
cases pass because they do not test what is expected.  
The interviewees explain the attitude towards testers as they would be gate-keepers or 
that testing is an unnecessary pain.  
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Having key persons is a risk, they have information and/or knowledge that the team can 
not be without. If this person for some reason can not show up for work one day the team 
could suffer. It might not harm all the tasks but some things might be impossible to 
complete.  
 
As long as test has not started there is risk that bugs will be found “too late”, which leads 
to higher costs to correct and always a risk to introduce new bugs when correcting 
another.  

4.2.7 Vision of Change 
Testing needs to be given more time, today the feeling among the teams is that products 
are not tested enough or in the correct way. The reason for not being tested enough could 
be many, but the interviewees mention knowledge as one of the reasons. 
 
One of the interviewees states his concern about the analyses of the bug rate, when it is 
low, after a couple of iterations of testing, he thinks they should try another testing 
technique. But the customer often decides that they have found the most of the bugs and 
stops.  
 
Test is said to be important but it is also eliminated and down prioritized when time is 
limited. The interviewees state that this could be counter acted by pushing more on the 
importance of test and the cost of finding bugs late in the process, especially after 
delivery to the end user. The earlier test can be started, the better. 
 
It is hard to plan when quick changes are made, one key point is open communication 
and planning. Examples of when change can occur are lost resource in a team, or changed 
requirements from the customer. Requirements change over time, but it is then very 
important with a short feedback loop so that the development team gets to know this as 
soon as possible.  
 
When discussing the possibilities of measuring test the suggestions comes to have a chief 
of test, “a person who has the responsibility for the completeness of testing of a product.” 
This person could be the best on answering the questions about the product and its 
health. 
 
All the teams that use Scrum also have a scrum board where the tasks are presented. To 
visualize test on this board could give more support to the tester, and it also gives test a 
greater part in the process.  
 
Some of the interviewed are scared to be put in a box by trying things like test. To be put 
in a box means to only do those types of tasks further on. The same goes for educating in 
the area. Testing, which is sometimes seen as big and complex, which frightens some 
programmers, and many has the perception that special knowledge is needed to manage 
test.  
 
The attitude has to change, let testing take greater part of the planning to counteract the 
statements: “It is easy to forget how much time testing takes.” 
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4.3 Literature Study 
Literature about Combitech has not been included in the study and therefore that 
category is not included in the literature study.  

4.3.1 The Tester 
The expectations on testers are high, literature reveal that the testers should possess 
many different skills, capabilities, knowledge, experience and creativeness [37] Another 
writer specify his expectations on a tester a little more “A tester should have knowledge 
of testing approaches and techniques, diagnostic and problem-solving skills, knowledge of 
the system or application being tested, and knowledge of networking and system 
architecture.” [38] 
 
Beside the required knowledge and skill the responsibility of the tester is not to be 
forgotten. He or she is often expected to work with both automation test and other testing 
techniques like exploratory testing as well as other activities that are related to 
development of high-quality software. Also included in the work is to help the customer 
with definition of functional and non-functional requirements as well as quality criteria. 
This should then be turned into tests that will guide the development and verify desired 
behavior. In addition to the communication with the customer about the development the 
tester has the knowledge about the development and the state of the software to share 
this information with other stakeholders. [11] It is a lot of different areas within one role 
 
Many authors state that testers think differently from programmers [34, 37, 38, 39] . 
With that known as well as the width of the team’s responsibility, the whole team should 
sit together when developing, both to facilitate discussions during the process, but also 
that testers easier can adjust their work to the programmer’s progress. [34] 
 
Testers that meet other testers can discuss thoughts and experiences in a test 
perspective. Often are those meetings seen as a good complement to their development 
team’s meetings and discussions. [34] 

4.3.2 The Team 
One major difference between agile and linear processes is the continuous learning. [21] 
To ensure that the agile way of working is properly understood and executed training and 
education should be given in basics and underlying principles. [40] 
 
The chances of succeeding with an agile project process increases if the team consists of 
members that are open to sharing knowledge with others, with the purpose to learn. This 
knowledge transfer is facilitated by agile methodologies because they are based on 
communication. [21] 
 
Studies show that there still exists test phases during the test process where testers are 
beneficial and therefore dedicated testers are needed in agile project teams. [15] 
 
In some projects testing is seen as the necessary evil, this could be opposed by education 
and introduction of the importance of testing in the development process. [38]  
 
Ken Beck writes: “Good relationships lead to good business.” He clarifies the need for 
both technique and good relationships to be successful. He also pinpoints: “Productivity 
and confidence are related to our human relationships in the workplace as well as to our 
coding or other work activities.” [31] 
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4.3.3 The Process 
As Hendrickson points out in the first of her nine principles, test is often treated as a 
quality gate, and the tester as the gate keeper that the programmers need to pass by [23]. 
When a negative attitude exists in a development team one tool to help the team in the 
right direction is to unambiguously define testing within this team [41]. 
 
It is important to let the testers be involved from the beginning of a process and sprint 
when introducing and planning. First and foremost to give the testing enough time and 
attention, but also to prepare the testers for what is coming and how to proceed. If the 
testers are involved in the beginning they can also share their knowledge of common bug 
areas in the design as well as getting knowledge about structure and desired 
functionality in the product. In this way test is a part of the development process from 
the start, this is one of the major advantages with agile methodology. [34] 
 
Rex Black believes that “Test teams in an agile world should develop, maintain and 
execute test in risk priority order.” Risk-Based Testing helps the team in many ways by 
the prioritizing of risks that are made. [18] 
 
In contrast to the waterfall model, agile and continuous integration does not give the time 
and opportunity to test everything in the end. By not having the time to test, priority is 
crucial, which ones that are the right priorities has to be agreed by the team. [16] One 
way to decide what to test is by using risk-based testing. This technique helps the team 
with the decisions on what to test, in which order and how much. Risk-based testing 
especially helps those teams who are under tight resource constraints because it 
establishes the most important test to begin with from the early start of the sprint. [18] 
 
RBT is also a part of Rex Black’s recommendation to a test strategy: “I typically 
recommend a blended test strategy, consisting of three types of strategies. Analytical 
risk-based testing; automated regression testing; Reactive testing (also referred to as 
dynamic testing).”[18] 
 
Another tool that is recommended in literature is Test Driven Development. According to 
Lior Friedman a 60-90% reduction of bugs can be achieved by using TDD and eliminating 
the waste caused by bugs. [42] 
 
An advantage with pair programming is increased knowledge sharing and better code 
quality. The same goes for testing in pairs, better tests and better quality. One condition 
for testing in pair to work is that the two testers are more or less on the same level of 
knowledge. [34] 
 
Antonia Bertolino writes about how it is more effective to use a combination of techniques 
when testing because different techniques aim at different faults and bugs. She mentions 
a saturation effect by using only the most powerful technique. [8] 
 
There are many recommendations for developing teams and their process, plan and 
strategy, for example that the process must be flexible to suit the requirements from 
different stakeholders [3]. To help the team to think of the big picture the team should 
have a plan [11]. Another recommendation is from Erik von Veenendaal that is to discuss 
the agile manifesto with those involved to share knowledge and experiences [41] 
 
Rex Black describes a thorough and detailed test plan as a crystal ball for the team that 
gives the possibility to foresee and prevent potential crises. The plan should for example 
include, scope, test strategy and quality risk management. [43] 
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Time is often a crucial subject which is discussed in detail before a project starts. Michael 
Puleio state that: “Agile methods leads to better quality software in a shorter period of 
time [44]. This is exemplified by Henrik Andersson who writes about how exploratory 
testing should be used to make a fast evaluation of the software. He continuous to write 
how it is an effective way to find problems in software which he states is shown by 
experience. [14] 
 
In agile as in other team related work is team building activities very important. The 
focus when conducting these activities is to improve collaboration, communication and a 
good relationship between the members of the team. If this is achieved so that the team 
will be able to work together with good communication and interaction the team will be 
able to work with high productivity. This productivity is higher than if they would have 
worked individually. Beside the productivity, it is a requirement from the agile 
methodologies on the team to have a common focus, mutual trust and respect, and a 
collaborative, but speedy decision making process. [45]  
 
Kee Woi Hin expresses knowledge sharing as a vital key to foster effectiveness of a 
development project. The author writes that repetition of ineffective approaches would be 
eliminated at the same time as a more rapid integration is performed by having “better 
collaboration, communication and concise light documentation”. [45] 
 
The goal is usually to mistake proof the development process so it would be detected as 
soon as a defect is injected in to the code, and fixed as soon as possible. It is known that it 
is easier to find just arrived bugs in a defect free code than in a code with layers of 
defects. To change the mindset to manage a change in the process takes time, but it is 
probably the most important characteristic in successful agile development initiatives. 
[46] 
 
To have everyone test instead of having a single tester eliminates some of the burden on 
the testers, as well as counteract the possibility of a bottleneck in the project. Another 
advantage by replacing a single tester with the team when testing is the increasing test-
awareness for the programmers. With test-awareness a programmer can prevent and 
quicker caught more bugs while they work. When all team members are aware that they 
are going to test, specifications and code become better designed for testability. [47] 

4.3.3.1 Documentation 
The documentation should be used to share and present information and it is needed to 
clearly define and communicate the development and process to all stakeholders. [45] 
 
It is impossible to tell exactly which documentation that is needed and required in 
general because it is very dependant on which industry the company has their business 
in. [34] 

4.3.3.2 Metrics 
Some authors believe that coverage goals are counter productive because testers, as 
human beings are goal oriented. Meaning that the goal that is decided will probably be 
met, but often in the easiest and fastest way, not the way to get the best software. [17] 
Todd E. Sheppard is one of the authors that points out the problem with goal oriented 
behavior: “The problem is that with each metric we capture, we need to make sure it does 
not negatively influence behavior.” [48] Another problem with metrics is what 
information they actually communicate. Rex Black believes that: “Testers can not report 
percentage of the test basis covered by passed testes, because the requirements will not 
provide enough detail for meaningful coverage analysis. [18] 
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Bert Wijgers states that defect counts can be used more as indicators, they can provide 
useful information, but has to be presented with care. [49] 
 
“Communication is the key, no matter what you are doing. If you cannot find a common 
language and find that no matter how many words leave your mouth, others on the team 
can not understand what you are saying.” [44] stated by Kee Woi Hin which highlights 
the importance of using metrics that is known and understood, otherwise they have no 
use. As well as the fact that words say more that just a number. 

4.3.4 The Customer 
When way-of-work is discussed it is essential to be aware of which methodology that are 
best suited for the desired development. And it seems that organizations that want to 
become more flexible in the software process, in terms of changes and testing should 
apply agile methods. [15] 
 
Beside the decision of methods for the process, communication is crucial. Lior Friedman 
writes “There is nothing more damaging to a project than poor communication between 
the development teams and the actual user” [42]. Not all the developers can meet the end 
user, and because of that the requirements on the communication increases even more.  

4.3.5 Risks 
During a development process the requirements often change along the way. If a linear 
process is implemented the risk occurs that tests are written for requirements which are 
no longer relevant. [34] 
 
According to the lean thinking it is important to eliminate waste during the development 
process. Bugs are the most common cause of waste. If test is not performed correctly, 
bugs can be left in the software to the end user when delivering. If it goes to the extreme 
the bug can lead to losses of data that can not be reproduced. [42] 
 
By being aware of the risks, risk-based testing can be used, risk-based testing supports 
increased productivity and flexibility. [18] 
 
Illusions about testing and thewrong attitude from developers can hinder the testers from 
doing their job. The most common comments that counteract test are: 
 

 What is testing, at all? 
 Anybody can test! 
 My software has no bugs [or too few to care]. 
 The testers are going to find all the bugs anyway. 
 Thorough unit test is enough 

 
To have these comments inside a team does not only increase the risk to increase the 
number of bugs, it also can decrease the motivation for the testers that have to work with 
people who does not believe in test. [50] 
 
A  way  to  prevent  bugs  is  to  involve  the  testers  in  the  beginning  to  contribute  to  
discussions of architecture and design. This is also a change of attitude, to go from only 
checking in the end to prevention and continuous work during the whole process.[11] 
 
When correcting and fixing a bug there is always a risk to introduce new bugs and side-
effects.  If  the  bug  then  is  found late  the  costs  for  correcting  it  will  increase  and  it  will  
enlarge the size and age of the product. This gives the conclusion that finding bugs by 
late execution is not very productive and it is dangerous. [50] 
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When writing requirements as story cards in agile methods, the face-to-face 
communication is really important to resolve different requirement interpretations. If the 
product development and customer fails to collaborate early in the development the risk 
is that ambiguous requirement are stated. [45] 
 

 
Figure 4: Cost of fixing software bugs over time [51] 

4.3.6 Vision of Change 
Kay Johansen and Anthony Perkins state that one important change that they made 
during their development was to shift their priorities from technical to social. Where the 
technical part included among others test automation and complete coverage, and the 
social, securing support for the team and getting involved in testing.[39] 
 
An important establishment to be aware about as an organization is that test process 
improvement increases software quality, and decreases the number of defects ads well as 
subsequent testing and debugging costs. One way to enhance the test process is by taking 
the test design into account during product planning. [2] 
 
By agreeing in a common definition many illusions about testing are prevented. [50] 
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4.4 Focus Group 
During the focus group different statements were presented to the group that the 
participants could comment and discuss. The statements were based on data from the 
dialogs, interviews and the literature study.  
 

 What are the advantages to have a test strategy and a test plan? 
 What is measurable within test and what does the information say? 
 Which are the major risks to consider within test, and how to prevent them? 
 What is good quality within a test and how is it achieved? 
 How to create a mutual test- and quality awareness within a team? 
 What should be documented when testing? 
 Shall the test process be visualized, and if, mention how? 

 
The basis given for the statements is a development team, cross functional with 
programmers and testers that have a common responsibility for the quality and testing. 
One or two of the team members are experienced testers. It is development of a product, 
not focus on maintenance and service. 
 
Because the participants were employees of different companies Combitech and their 
customers were not discussed, and therefore are those categories not included.  

4.4.1 The Tester 
One of the testers reflects on the importance of testing if it works instead of that it works. 
The mindset on those two are different and a very important to acknowledge as a tester. 
If you try that the product works you check all those thing according to requirements that 
is desirable, if you test if it works you test outside the box, it also includes testing what 
should not work. Close to this is the awareness not to become satisfied by the number of 
bugs that are found and reduce the urge to find more. And as well the other way around 
if no bugs are found it is important to hold on and keep looking for more. “A tester needs 
to be aware of his or her' own assumptions that are made.” Another issue of awareness is 
the statement “As a tester is it to easy to get stuck in details.” 
 
“As a tester you can not be complainant like, I have found a fault you made, instead it is 
better to say, found a problem in our product.“ That is an important reflection to improve 
the team spirit and the communication. Sometimes there is an idea to have a group of 
only testers because they understand each other in another way. They can share and 
discuss things that programmers not appreciate, which is another way to improve the 
communication among testers from different teams but within the same organization or 
product.  
 
The pressure on a tester occurs for example “When every one stands behind you and looks 
and hope that the problem has been solved it is easy to be soft on the software.” If the test 
fails means that more job has to be done. If it passes the product can be delivered. 
Everything depends on how the tests are executed.  

4.4.2 The Team 
The communication is really important within the team to be able to work with test and 
contribute with opinions on the code. When it is a joined responsibility for the quality in 
the product every one has an interest to make a better product. Another advantage of 
common responsibility is the requirement of a good attitude when communicating so it 
does not become two camps against each other. The focus group is in an agreement that 
agile is the answer to much when developing software, because it implies communication, 
sitting together and working as a group. Much of communication and decisions will 
manage them selves if the team uses agile methodology and tools like retrospective and 
that they discuss test within the team.  
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The language in the team can profit from having a common goal in the team that call 
attention to the importance of cooperation. The language within a team includes for 
example technical terms, abbreviations, and how to express oneself.   

4.4.3 The Process 
A test strategy and a test plan do not have a certain place and definition when listening 
to the group. It is different opinions about on which level it is ought to be; it could be for 
the team as well as for the individual tester. An example to express the differences: “The 
strategy is seen as how to do it and the plan is what to do.”  Another one stated: “I think 
that test plans have a tendency to not conform with reality, after a little while, pretty 
often.” 
 
There is a discussion about how a strategy shall be generated. One suggestion is to use an 
old strategy and change the difference, and in that way use earlier experiences. Another 
opinion is that it is important to think, consider and discuss. If an old strategy is used it 
is easy to fall for the simplicity to copy and think in the same ways. They are all in an 
agreement that these documents shall be continuously updated and changed after the 
situation. One aspect is that it can be hard to limit one self without a strategy or a plan. 
It is stated “It is the frame where the testers can run around inside”.  It can also be a help 
to as a place to start. “It is hard to restrict one self when not having a strategy. It is 
easier to make wise decisions along the way.” It is different how vivid the test plan and 
strategy gets to be in a team and organization. For some of the testers is it obvious of the 
importance: “If I do not update my strategy, how will it then help me?” 
 
To visualize test and its process is very close to discussing how to measure test: how to 
visualize and what, which information gives the most. The purpose of showing the 
process is to spread information. An overview that creates discussion is a very strong tool, 
it helps the communication in the team and the focus on the common goal. “Words are 
more exact, but harder to absorb.” A tester reflects: “To spread information, the 
information  has  to  be  correct.  The  hard  part  is  in  this  case  to  decide  what  is  correct  
information and what is no. Who decides?” 
 
“Visualization of the test process is good, but I do not know how to solve it. It is hard. It is 
the test status that needs to be visualized.” Suggestions that are mentioned as 
possibilities are to use colors, shapes and symbols to visualize. Another example: “It is 
possible to have two areas, one to show the feeling for today and one for yesterday, which 
shows the progress.” A problem mentioned from the visualization on a scrum board: “I 
want the satisfaction to move the test task to “done”, but that never happens. It is hard to 
break down the test task to smaller parts.” 
 
“A good test gives information that you did not have before”, that is the first comment 
which is followed by “But you get new information from all tests.” They are later all in an 
agreement that the best tests give most information that was not revealed before. And 
“Relevant information is information that you learn something from, either about the 
product or about testing.” This is stated when discussing test and quality. “Quality is a 
measurement on how much we found in comparison to how much time we spent on it. To 
maximize the amount of information that you get and maximize the value of the potential 
information that you can get. “ 
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4.4.3.1 Documentation 
When asked what should be documented, the first comment is: “Document the 
information that will be used afterwards.” They are all in an agreement that it is very 
depending on situation what needs to be documented, as example is the difference 
between an android application and airplane or medical. “First and foremost I use the 
documentation to understand what I have done myself.” It also depends on the situation 
which documentation that is needed, for example if someone is going to continue on this 
development work or maintenance work.   
 
“If some one else is supposed to read my documentation it is even more important how I 
write it and what I include. I have read others documentation to get experience and 
understanding and then it is very important that it is well documented for me to 
understand.“ A tip from a tester to others: “It is beneficial to read others documentation 
to learn more about the product and the work that have been done, but also to give an 
input on how others have written, what works and what does not “ 
 
“It is important to document those parts that will be used again.” When documentation is 
produced it is crucial to know the target group of the document, and the purpose on the 
documentation, to include the right information with the right type of language. 
 
“If something goes wrong it is good to be able to go back to what has been done earlier 
and remind one self. Some say it is good to have the detailed information and to be able to 
read everything. And some states that they rather prefer the short resume to remember 
what happened.” 
 
 “Documentation is a thief of time.” It would save time to investigate which 
documentation is suitable for the project and after that take that decision for everyone 
because otherwise a lot of time will go to discussion from time to time what needs to be 
documented or not. “If the documents are too comprehensive or too detailed they provide 
nothing. They should give a starting point, somewhere to begin. Without a strategy you 
fumble in the dark which could be more confusing than effective.” An important reflection 
is: “The significance of the documentation also depends on how the team works, if 
documentation is the only thing that is passed on from the team or if it is supplemented 
with other communication like discussions and presentations face-to-face.  
 
One of the testers realize how much she processed the information by retyping from her 
own notes to the official documentation. It was at those times she reflected over what she 
had  missed,  and  got  a  better  overview  of  the  work  that  had  been  done.  “It  is  when  I  
rewrite my notes to a more formal documentation that I see what I have missed.” 

4.4.3.2 Metrics 
If  the  ratio  of  bugs  per  time  unit  is  very  low  might  not  be  the  sign  of  few  bugs  in  the  
product, it is more describing that it is time to change the way to test. To try another test 
then earlier is often better, not always. 
 
The common opinion in the group is that everything is measurable, but one metric is not 
enough to say anything about the products health or the test process. The suggestion is to 
assemble a couple of metrics that will show the health of the product. “Seldom is a 
number the answer to everything, instead it could be more information in a sign or color. 
Sad or happy or red, yellow or green, this often says more then 7 or 11.” “Why numbers 
and not qualitative measurements?” “Everything is measurable, but I do not now 
anything that gives enough information.” “Measurement can be totally twisted.” 
“Multiple measurements give the joined information of the testing of the product.” These 
are all suggestions from the testers when discussing how to visualize test.  
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Another point is the importance of background when a decision or recommendation is 
delivered to someone that has not been present through the whole process. A number can 
not present the health without a background description. “It does not  give any relevance 
if you do not get the background. It is dangerous without a background.” 
 
One asset that seems to be commonly used is the gut feeling. It is hard to convince 
someone else with it, and this is where the other metrics are needed. “The gut is 
something the human being was gifted with to make and evaluation from many different 
variables.” And a feeling is not accepted in the same way as something to base a decision 
on. Sometimes it feels like the measurements are to trick someone that we actually know 
what we answer, we can in fact not tell if we are within the timeline or not, because it 
depends on what is going to happen tomorrow.  
 
Many say that a sentence is better to spread than a number, when sharing information 
about the testing of the system. “Many measurements are good together with their 
history, it gives a proportion.“ They are all in agree with the statement: “The person who 
you deliver the information to has to have the same understanding for testing and the 
output. It is often better to pass on a comprehensive sentence.” 
 
Trust and transparency is often more important than measurement because trust 
mediates belief to the development team. But some testers are doubtful to their ability to 
bring out the information: “Why do not we learn rhetoric instead of mathematic?” 

4.4.4 Risks 
When talking about risks the participants discuss the mindset of a tester. It is important 
to be able to test in the right way, to know what to look for. The focus group also see the 
risks in being too familiar with the product, or to be too close to decisions to be able to 
question and discuss. “The mindset is important, I test how it works instead of that it 
works. The same goes for if you test all the challenges of the product instead of the main 
functionalities. This also includes the strategy; it should help and counteract this type of 
behaviors.” Added to the importance of the mindset of the tester is how crucial it is to the 
result of the testing: “When I have found a lot I can think that I have found everything or 
the other way around, if I can not find anything I stop pressuring.” does a tester state 
about her own mindset and attitude while testing.  
 
As a tester is it important to be involved in the whole development process of the product 
to reduce the risk of losing the comprehension of the product.  
 
Misleading metrics is one of the major risks that is brought up first, might be mostly 
because it is mentioned and discussed in an earlier statement. But also because it is 
something they work with everyday.  
 
One risk that is mentioned is the knowledge of the end user. How to know them and test 
for their use? Is it all right to assume one self as an end user and based on that test the 
product. The same is when the tester has met one end user or has a persona. Does this 
person represent all the other users?  
 
Misleading measurements can create misunderstandings depending on the interpretation 
on the delivered information. Misunderstandings can also be created by lack of 
understanding for testing which makes it hard to pass on information and knowledge. 
Test is supposed to eliminate the uncertainty of the product, but the risk is that it creates 
unjustified certainty.  
 
You always take a large risk when you say that you are finished testing. How is it 
possible to know when test cost more than it returns, and that all the crucial bugs are 
found? 
 



44 
 

“When they say that they can test there is a risk to employ a person who does not have 
enough knowledge and experience.” This could easily be counteracted by deciding that 
everyone new within test should take Combitech’s course as well as the employment 
interview should include technical questions about test.  
 
“I get to comfortable and familiar with my own team and development. It is hard to 
challenge earlier decision.” A statement that is followed by: “Testers get ruined when 
they have tested the code.” 
 
The focus group discusses different “schools” among testing where one of the mentioned is 
the context-driven. “It is important to be aware of what impact the context has on the 
software and the user, therefore the testing need to be adaptable. It is crucial to use the 
right technique and mindset when testing.  

4.4.5 Vision of Change 
There is a minimum of education so when new colleagues enters the team they probably 
have no test background, no theoretical understanding.  This also creates the problem 
that some of the newly graduated lack the understanding for what test is all about.  
 
Testing is seen as something that everyone can do, everyone can relate to that itis a risk, 
both for the recruiter, and those who are employed, and the new team.  
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5  Improvement areas 
The following are my recommendations for an agile team that is trying to incorporate 
software testing in to their development process. 
 
These recommendations are produced from analyses of the findings from all the used 
methods. The results are gathered in different improvement areas, each area have been 
appointed with their own headline and recommendation.  
 
These recommendations are based on the thought that the team already uses some kind 
of agile thinking, methodology or technique. They are presented in no particular order.  
 

 Educate where education is needed 
 Have an educated or experienced tester in the team 
 Share the burden and the knowledge 
 Use retrospective in the right way 
 Agree about the purpose of test in a plan and a strategy 
 Only produce the documentation that is needed and used 
 Be aware of the alternatives 
 Visualize the test process 
 Take time to test early 
 Decide your metrics 
 Communicate the information 

5.1 Educate Where Education is Needed 
Knowledge is an important part when working with something as challenging and 
changing as test. If knowledge does not exist, education is a way to provide it.  
 
By educating within test means to take one course or more to understand the basics and  
get help where to start and how. It is mentioned in the interviews and the literature 
study that the attitude towards test changed when awareness of testing increased [50]. 
One of the goals with education would be to counteract the negative attitude towards 
test. “The more we work with test the better the attitude gets.” The attitude also seems to 
change when teams try new techniques like exploratory testing, which is another 
important part of testing, that testers are aware of the alternatives.  
 
Hopefully additional testers would be able to execute more tests with n different 
techniques when information and knowledge is shared. If there are more testers who are 
able to execute the tests, one person would not have to be stuck on one position with one 
type of tasks, because he or she is the only one who know how to do it. This would also 
prevent the situation and attitude of today, that team members do not want to get 
education because they are afraid to get stuck.  
 
If automated tests would be implemented correctly less manual assistance would be 
needed as mentioned in the interviews. The interviewees mention how knowledge 
sometimes is flawed which leads to tests that are not implemented and executed as 
expected.  
 
Unawareness and lack of knowledge and experience is mentioned as a reason that test 
sometimes is eliminated or shortened. It is not established how much it will cost to find 
the bugs later in the process instead of taking time to test then and there.  
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A special mindset is mentioned in the interviews and the literature study [46] together 
with a requirement on many different skills [11] from the tester, this does not happen on 
its own, education is needed. The literature study revealed that education should be 
given in basics and underlying principles within the agile methodologies as well [40,38]. 
On example of this is the way of testing, if it works, or that it works.  
 
The  focus  group  mentions  lack  of  knowledge  as  a  risk,  first  and  foremost  because  it  is  
impossible to manage test without the right knowledge. But also because many today 
believe that they can test, and apply for jobs within test but do not have the needed 
mindset.  
 
The attitude is often that test is what testers today call checking. Even programmers 
need to have an understanding for test and quality. With education it is possible to create 
a common language where developers can discuss and test on common grounds. The 
programmers shall use their quality thinking while producing code. This will also help 
the communication between testers and programmers by creating a common language 
concerning test.  
 

5.2 Have an Educated or Experienced Tester in 
the Team 

It is stated in the interviews that it is preferable to have at least one skilled tester in a 
team because of their knowledge and experience. It would be someone to turn to with 
questions and that can assist as a coach within testing. By being experienced this tester 
can help out more during planning of test and keep up the discussions about different 
testing techniques that can suite the process and the team members.  
 
According to the literature test phases still exist during the process where it is preferable 
to have dedicated testers [15]. For example could this be in the end of the development 
when system testing should be executed.  
 
It is important to have a person in the group that is reliable within test and can answer 
questions and concerns that appear. However this person is not the one to make all the 
decisions and have the full responsibility concerning test. This person shall operate like a 
mentor and coach to the rest of the team members when it comes to testing to share 
knowledge and create a common awareness about test.  
 
The purpose is that the group shall not feel that they are left out when it comes to 
knowledge about testing. They also increase the chance to notice if tests are not used 
correctly and if there is a need for education to make test more efficient. By having a 
person in the team that has a little bit  more test experience and knowledge,  this would 
help the team to remember and not to neglect test or forget test while planning.  
 
It is important that there is a person who has a feeling for the quality and health of the 
product; this could also be the person who has an overview over the communication and 
cooperation between programmers and testers. 
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5.3 Share the Burden and the Knowledge 
“You have to share knowledge and experience for the team to move forward”, a statement 
from the interviews. The aim is to have a team that is open to sharing information with 
each other, in the literature study it is mentioned as a requirement to be able to manage 
the agile methodologies [45].  
 
Mentioned in the interview is the importance to rotate roles in a team, to share the 
different work tasks and not do the same types of  tasks over and over again,  it  is  a for 
everyone to keep developing. Everyone has to be able to work with everything, which is 
when it gets efficient. Rotation is also important to give all the members a better 
understanding for the product.  
 
Literature shows that when a whole team gets to test, the members’ awareness of test 
increases and thereby increases the testability [45]. And the programmers who know how 
to test, quicker catch and prevent bugs while working. 
 
If everyone can share their knowledge, the joint knowledge is huge. A quote from an 
interview: “If the knowledge is within the team, it is never hard to ask.” Presented in the 
literature study is the statement: “Knowledge sharing is the vital key to effectiveness.” If 
knowledge is not shared and rotation is not used, the risk occurs that there are key 
persons in the team that are irreplaceable.  
 
Cross functional teams are another way to share knowledge between team members, it is 
a way to eliminate the statement: “It is easy to forget how much time testing takes” in 
the future. With testers and programmers in the same team a united language has to be 
developed to be able to communicate in the best way for the development of the product. 
In that way the programmers will get to know the testing more, as well as the testers 
comes closer to the coding.  
 
There are two statements in Hendrickson's nine principles that lines up with this 
recommendation: 
 

 The tester is not alone of the responsibility of preventing bad software from going 
out to the field 

 Everybody tests, the responsibility to get testing done should be on the whole 
team, not only the designated tester 

[23] 
 
Lisa Crispin also includes the same thought when including the key factor: Use the 
Whole Team Approach, daily collaboration and anyone can do any task [24]. 

5.4 Use Retrospective in the Right Way 
To use retrospective in the right way means that the time spent gives value to the team, 
and information that is useful to them. The most important thing is that the feedback is 
used to improve the work within the team and the process. If the feedback is not used for 
anything and there is no change from the insight, the time spent on retrospective is more 
or less wasted. If retrospective does not work the energy should be spent on creating a 
secure team spirit and create open communication. 
 
Retrospectives should be seen as an opportunity to debate thoughts and opinions. To 
discuss what has been good and what can be improved. According to the interviews is it a 
way to anticipate problems. Retrospectives can also help the open communication within 
a team.  
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When looking at the agile recommendations in chapter 3.3 there are two principles in the 
agile manifesto that refers to something like retrospective: 
 

 The most effective and efficient method of conveying information to and within a 
development team is face-to-face conversation. 

 At regular intervals, the team reflects on how to become more efficient, then 
tunes and adjusts its behaviour accordingly. 

[22] 
 
Lisa Crispin’s recommends it as well in her fourth of the seven key factors: To Provide 
and obtain feedback, which is more or less the whole purpose of retrospective [24].   

5.5 Agree About the Purpose of Test in a Plan 
and a Strategy 

From an interview: “To be able to give support to the tester it is important to have a 
proper structure and established test process”. This process will be established and 
developed through a test plan and a test strategy, it is something that the team members 
can go back till when they feel uncertain in their work. The focus group discuss the 
importance of continuously updating these types of helping document so that they’ll suite 
the situation for the team. As mentioned in the focus group: It  is  hard to limit one self  
without a strategy or a plan”. For the tester the documents can be helpful as a frame to 
keep within or as a help of where to start 
 
A test plan does not need to be written down on a paper; it could nevertheless be a 
discussion between team members how to handle test, how it should be prioritized and 
implemented. 
 
A side effect of discussing testing and put together a plan is to change and challenge the 
negative mindset of some developers. The literature study state that the plan helps the 
team to see the big picture, and hopefully everyone will see the purpose and opportunities 
when test is stated [11]. As mentioned in the literature study Rex Black sees the test plan 
as a way to foresee and prevent potential crises through the crystal ball [43]. So there are 
many advantages to have a test strategy and a test plan for a development team. With a 
united team that works efficient with test will increase the quality of the software. It is 
stated by a tester in the focus group about test strategies and test plans: “If the 
documents are too comprehensive or too detailed, they will provide nothing.” This 
indicates how hard it is to get the right documentation with the right content.  
 
Different authors have different checklists of what a plan and a strategy should contain. 
What they all are in an agreement about is that is should be done suiting the team and 
the process.  
 
Test should be accepted as the whole team’s joint responsibility by the members. One way 
of doing this is to discuss and produce the process together. This also helps with the team 
spirit and the communication about the test process. 
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5.6 Only Produce the Documentation that is 
Needed and Used 

First and foremost it is important to understand as the literature study reviles that there 
is different documentation needed within different businesses [34]. Therefore it is 
impossible to state which documents are right and which are wrong. The importance for 
the organisation is to be aware of what is needed for them and their stakeholders.  
 
When asking developers what they think should be documented the answer is “the 
information that will be used afterwards”. It is hard to predict but there are some parts 
that can reveal what is needed to be saved, for example executed test cases and the result 
of them. Also some notes from major changing decisions, for a better understanding.  
 
The Agile Manifesto states that they value working software over comprehensive 
documentation [22]. But that does not mean any documentation at all. Hendrickson has a 
similar recommendation among her nine principles: “Reduce test documentation 
overhead. Focus on the essence and use the light weight documentation style/tools [23]. 
They both agree about the opinion mentioned first, only document what will be needed 
and used.  
 
The opinions about documentation are not as clear when listening to the interviews, 
many of the testers understand the amount of documentation that they produce. It is 
mentioned that it feels more justified to produce documentation that is used and needed. 
If the documentation is not used they believe that the time is not prioritized correctly. 
Another time thief when discussing documentation is to not know what to document. The 
focus group mentions that it takes much time to reflect on what to document and how, it 
is best if that already has been decided from the beginning.  
 
It is important for the writer of documentation to know the purpose and who the target 
group is for the information, this to use the right language and focus on the correct parts. 
Another important influence on the requirements of the documentation is if the team 
have other ways of communicating, this also concerns the content and the way to present 
the information.  
 
The same documentation can be used in many different ways. For example, the 
documentation can be used for colleagues to bring new team members up to speed, it can 
also be a way for the tester to process what has been done during the earlier test suit. 
The last and perhaps most important use for documentation is for those who will work in 
the current project further on with this code and are not a part of it presently. 

5.7 Be Aware of the Alternatives 
As long as there are no regulations which places Scrum or any other methodology as the 
methodology to use it is crucial that the team leader is aware of alternatives for the group 
to use. This is important both to be able to motivate choices to the team, and to dare to 
change if it would result in better work for the team. It is essential to the team to dare to 
try different tools and techniques to see what suits the best and makes the team as 
efficient as possible. To try different techniques helps to find what is right and to create 
effectiveness, and quality of code.  
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There are many different testing techniques and depending on type and way to develop 
different ways to test are suitable. Mentioned and recommended for different reasons in 
the literature study is Risk-based testing and exploratory testing, tools to use that is 
mentioned among others are TDD and Pair Programming/Testing [18]. One of the 
important things to take into account when choosing and using these tools and 
techniques are the individuals in the team, what are suitable for their knowledge level 
and preferable way-to-work. 
 
It is mentioned by the developers in the interview that they feel comfortable with the 
routine to always have at least two pair of eyes on the code before it is checked in.  
 
In the literature study it is recommended to use a combination of techniques to find the 
majority of bugs, for example when the rate of found bugs decreases it does not mean 
there are no left, it probably means that you will not find them with this technique [8]. To 
be able to do that an awareness and knowledge of different techniques are needed. A good 
way to find the best techniques to combine is to discuss the situation and the project with 
other testers that has experience. If the alternatives are not clear it will be impossible to 
find something better that what is used today.  
 
To be aware of the alternatives is also a way to motivate the developers of why they 
should use one technique instead of another, to be able to discuss pros and cons shows 
confidence from the tester. The literature study state that testers shall adjust to the 
programmers work, and that is hard if the alternatives are too few, to adjust to the 
development process makes the work more flexible [34]. The agile manifesto says: “Build 
a project around motivated individuals. Give them the environment and support that 
they need.”, which also agrees with statement of being aware to know about the 
alternatives [22].  
 
Risk-Based Testing is a technique that would probably relieve some pressure on many 
teams because  the  help  it  gives  in  the  order  of,  what,  in  which  order  and  how much it  
should be tested.  

5.8 Visualize the Test Process 
Many of the agile methodologies have a tool for visualizing the work process, Kanban 
uses the board to improve and facilitate the work flow for the team. To visualize test 
often gives support to the tester and also gives test a greater part in the process. A quote 
from one interview: “We try to visualize the test process to better anticipate problems in 
the work flow”.  
 
In the literature study it is mentioned how important it is to complement story cards on a 
board with face-to face communication, to reduce the risks of misunderstandings [45]. In 
the focus group the response is that it is hard to know what to visualize and how, but that 
it is really important especially to create discussions.  
 
Issues that are brought up in interviews and focus group about visualization of the test 
process is which information to show, and how. Suggestions that are given are colours, 
shapes and symbols. What is certain is that it is the test status that shall be on the 
board. One suggestion is to have a face that represent the feeling for the software, one for 
last week and one for this, in that way the progress is shown.  
 
In the focus group the visualisation is associated with metrics and the problem with 
measuring within the process.  
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5.9 Take Time to Test Early 
The literature study, the interviews and the focus group all mentions how important it is 
to test as early as possible in the development process and to involve the testers from the 
beginning of the development [18,34]. This concerns both the costs and the sharing of 
knowledge. The simple answer to the question when to start is often: The earlier the 
better.  
 
The literature study address how much harder it is to find a bug in a software with many 
bugs [50].  
 
It is mentioned in the interviews that is sometimes is easy to forget how much time 
testing takes. To let the tester in from the beginning can facilitate the planning, and at 
the same time lets the testers in from the start. When a tester is involved in the 
beginning of a project the planning and design discussions help the tester to decide on 
testing  suits  and  techniques.  It  is  also  a  perfect  opportunity  for  the  tester  to  help  by  
sharing their own knowledge resulting in prevention of bugs.  
 
Included in Hendrickson’s nine principles are: 
 

 Testing moves the project forward. Testers are no gate keepers 
 Testing is not a phase, Testing continuously is the only way to ensure continuous 

progress.  
[23] 
 
All  of  this is  very natural when there is  an awareness of  the importance of  test and its 
purpose. The diagram in figure 4 clearly shows the increasing cost when bugs are found 
late in the process.  

5.10 Decide Your Metrics 
The metrics that are mentioned during interviews are different kinds of coverage and 
ratios on passed test in comparison to for example executed. When it is discussed in the 
focus group the joined answer is “It is not possible to measure test”. The reason that it is 
mentioned is that the metrics does not say anything about the health of the product 
which is information that the owner often is looking for.  
 
The literature says that defect counts can be used as indicators instead of facts [49]. Both 
the literature and the interview reflect on the human behaviour of goal orientation, and if 
the goal is to reach certain coverage that might get higher priority than getting high 
quality on the code [17,48].  
 
The developers are concerned about the lack of knowledge when an organization chooses 
which metrics to look at, first and foremost because it affects the testers’ behaviour, 
secondly because a number without a background does not mean anything, and third 
because only one metric are not enough to make conclusions, multiple metrics are needed 
to get a feeling about the health of the product. Many of the participants in the focus 
group said that a sentence is so much better than a number. “It (a number) does not give 
any relevance if you do not know the background. It is dangerous without a background”. 
They reflect on the importance of having knowledge when receiving a number after 
testing. The best they have is the gut feeling, but that feeling is hard to have as an 
argument in a discussion.  
 
The developers believe that an interesting metric would be to know about how many bugs 
that are found by the end user. When are they found? And how serious are they? 
 
The agile manifesto says: Working Software is the primary measure of progress [22].  
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5.11 Communicate the Information 
The customer might need an estimation of time or cost to plan and make decisions. That 
is one thing that the team has to adjust their work to. 
 
According to the literature study much of the communication with stakeholders lies in 
the responsibility of the tester [38]. Planning seems to be the hard part when listening to 
the interviews. Resources are quickly moved when needed somewhere else. The 
communication can be facilitated by regular meetings between the customer and the 
developing team, to be aware of each others plans and progresses. Another way to share 
knowledge and experience is to hold meetings with those teams who are in the same 
project. It is a great way to discuss others observations and solutions to problems. It is 
important to remember: “Communication is the key, no matter what you are doing”.  
 
Often the team is closest to the product and knows all about the problems and progress. 
If they can not communicate their view of the testing of the product to the customer many 
risks occur. The team needs to be able to communicate their information. Some choose 
the recommendation by scrum, to communicate trough their scrum master, some choose 
to have an expert that mediates that information. “There is nothing more damaging to a 
project than poor communication between the development teams and the actual user” 
taken from the literature study.  
 
When discussing metrics that is delivered to the customer there are many risks involved. 
“The person who you deliver the information to has to have the same understanding for 
testing and the output. It is often better to pass on a comprehensive sentence.” The focus 
group discusses how misleading some metrics can be and that is nothing they want to 
pass on to their customer. They also discuss how transparency and trust can be so much 
more worth than metrics.  
 
The Agile manifesto says: “Business people and developers must work together daily 
throughout the project”. This refers to the importance of having a good cooperation, a 
common language as well as a shared understanding when communicating [22].  
 
It all results in “Good relationships lead to good business.” [31] 
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6  Discussion  
The discussion is divided in to three different parts; the first part discusses possible 
implementation of the recommendations into the different project templates. The second 
performs a comparison between my recommendations and the three agile 
recommendations that are presented by known authors within the area of test in chapter 
3.3. And the third part discusses the work and result of this study. 

6.1 Implementation in the Templates of the 
Projects 

The recommendations are: 
 

1. Educate where education is needed 
2. Have an educated or experienced tester in the team 
3. Share the burden and the knowledge 
4. Use retrospective in the right way 
5. Agree about the purpose of test in a plan and a strategy 
6. Only produce the documentation that is needed and used 
7. Be aware of the alternatives 
8. Visualize the test process 
9. Take time to test early 
10. Decide your metrics 
11. Communicate the information 

 
The recommendations are not in order of relevance or importance, the numbering is to 
facilitate reference.  

6.1.1 The Project with the unguarded team 
This team implements the second recommendation and seems to be aware of the 
advantages of having experienced and educated testers in the team. But it does not seem 
like  they  are  implementing  it  in  the  long  run,  because  if  they  do  not  keep  educating  
testers from the beginning it will be hard to always have educated testers in their teams.  
 
The testers comment in the interviews that it is easy to get stuck with the same type of 
task indicates that the team does not implement the third recommendation which include 
rotation of the task. The risk is that everyone does not feel as involved in the process as 
others  depending  on  the  value  of  the  task  that  they  are  performing.  It  is  prevented  by  
good communication within the team and that they share their knowledge and 
experiences. The team seems to know the right ways to use retrospective based on the 
comment that the communication helps the team and the cooperation.  
 
The purpose of test is not united within the team, nether does a mutually used test plan 
or strategy exist.  A test process exists that is  followed including the order of  tasks and 
what comes after the other, but without explanation to why, which is mentioned as 
missed during the interviews. When discussing documentation some information is not 
distinct for the team, for example: why it is written? That question could be divided in the 
questions, how shall it be used, who will be reading it and what the documentation 
should include to become of the best possible kind.  
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The team has tried exploratory testing which gave them an insight in possibilities to 
improve the testing, they said that this changed the attitude a bit as well as motivated 
the testers. Those are the two most important reasons with recommendation number 
seven, to be aware of the alternatives. One thing to consider for this team is to use a 
combination of techniques though the process. The team themselves mention how test 
would sometimes need to start earlier than it is done today to avoid the late discoveries of 
major bugs. This should also be complemented by the combination of different techniques, 
the earlier it starts the more the team has time for.  
 
The team uses scrum with a scrum board to visualize the work on, but it is never 
mentioned anything about visualization of test and the test process. Probably would test 
get more and better attention in the team if they tried to visualize its process, like 
recommendation eight.  
 
The team seem to report the metrics because they are asked to, but the metrics do not 
seem to be used by the team themselves, and they have their own belief in what would be 
better to have as metrics. Even if the metrics would not change it might be a good idea to 
have a discussion with the customer about the choice of metrics. Beside the tenth 
recommendation this is also connected with the last, to communicate information. It is 
done in one way by the metrics and another though the documentation, a third is the 
spoken word between the team and the customer. The more ways to communicate the 
more information can be communicated.  
 
As a summary I would say that this team should focus on the first, third, eight and ninth 
recommendation to get a more efficient test process. The recommendation to plan and 
with a complement of visualization would probably counteract the feeling of not having 
enough time to test. The team would probably feel more protected and if they would try to 
communicate through the scrum master and less with the customer through the whole 
team during the sprints. Last but not least a discussion about metrics both with the 
customer and the team. The team can probably use the metrics to get an overview of their 
progress if they know how to interpret them.  

6.1.2 The project with the guarded team 
This team follows scrum as strictly as possible, which automatically achieves many of my 
recommendations, the first is however a bit weak in comparison to the others because 
they are very few who has some education within test. The team has in general a good 
attitude towards test because they all work with it and share the knowledge and the task. 
The team bring new members up to speed by putting much time and effort in from the 
beginning. One thing that is important to have in mind when introducing is the risk to 
transmit personal opinions and values to the new tester. With a course information is 
often presented in a more subjective way and the person can create their own options 
about it from the beginning and develop the values when ready by experience and asking 
team members. The team has experienced and educated testers in the team and they 
rotate tasks within the group and use retrospective to contribute the work and process. 
 
Recommendation five, the purpose of test is something that is discussed in the team at 
the same time as the creation of a test plan. The strategy is set by the customer and 
followed by the team without any questions, in the same way as the documentation is 
followed as decided without questions and complains. The team is aware that not all the 
documentation is read and used. One statement from the team is that it sometimes is 
easy to forget how much time test takes, that would be prevented by more planning and 
to recall in each retrospective how much time it took, and if it was enough. 
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The testers seem to be aware of some alternatives of development tools that exist, and 
implement different tools that they think is usable to get the result that they desire with 
at least two pair of eyes on the code. But recommendation seven includes methodologies, 
techniques as well as tools, and they do not seem to combine different techniques to get 
better test results.  
 
They  do  not  visualize  the  test  process  in  any  certain  way  beside  the  scrum  board.  It  
seems in the interviews that the team tries to test as early as there is something to test, 
which is really good.  
 
One metric that is mentioned as used is 100% code coverage which the testers’ state 
makes them feel that they are producing quality. No other metric is mentioned or used. 
The tenth recommendation mentions the risk with only presenting and using one metric. 
Is it possible that the coverage gets more focus then the quality of the test when only 
using that metric? 
 
The communication from the team goes through the scrum master which makes the team 
protected from external opinions during the sprints.  
 
First and foremost I would suggest the team to focus on the first recommendation, to look 
for courses and education that can suit them. Secondly I think that the team should look 
into the alternatives of techniques, recommendation seven, as well as the visualisation of 
the test process. Both of them will help the planning of test and to improve the testing. I 
would also recommend considering recommendation ten, the metrics so that they 
illustrate the fact that they would like to know.  

6.1.3 The project in another office 
The team that works in another office is not like the other teams in their way-of-work as 
well as the maintenance that they work with. None of the testers in the team has an 
education within test which became their strength when expanding test because they 
were all in the same situation. They helped each other to manage and to get the best 
result as possible. Even though education might have brought them together in the same 
way as the problem, education would probably have speeded up the process of developing 
test. They do not have anyone in the team for the moment that can support as a coach 
and contribute with knowledge and experience like no one else.  
 
The team rotate all the tasks and assignments so that as many as possible knows as 
much as possible and knowledge is shared if someone works with something that others 
have more knowledge about. They try to use retrospective but it hasn’t been the most 
productive meetings which make some feel that the time is wasted. It might be an idea to 
spend time on opening up the communication and improve the team spirit instead of just 
retrospectives.  
 
The purpose of test is united because they all work together on different products, they 
don’t have any specific test plan or strategy. The documentation is poor, mostly because 
that it is not something that the customer demands, and that there is no documentation 
from earlier stages to continue from. They try to have some documentation that can be 
used by new team members, and for those who are new to the system that they are 
working with.  
 
The team earlier used Scrum but noticed that it was impossible to work undisturbed as 
scrum is intended, instead they switched to Kanban which suited their way-of-work much 
better when they could receive tasks and requirements from the customer continuously. 
This shows the awareness of alternatives and the willingness to find what suits the best 
for the team and the process, in line with recommendation seven.   
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They have a kanban board, but because of their way to work with maintenance instead of 
development the test process is not possible to visualize in the same way. Nevertheless it 
is always a good idea to discuss the possibilities to visualize what is needed and what 
would help the team, the same goes for testing early. The first thing they do is to try to 
find the problem reported, which means that it is not possible to test earlier.  
 
The team does not have any metrics to report, but the mention that it sometimes would 
be good for awareness to have some knowledge of where the bugs appear and if it is in 
software they have worked with earlier.  
 
The communication with the customer is good because they sit together in the office of 
the customer and they have weekly meetings to discuss progress and plans. The team has 
the information from the customer about on which products that they receive bugs on, 
and it is important to be able to communicate this. The meetings are a great way to fulfil 
the last recommendation.  
 
Even though this team is different there are recommendations that I would recommend 
to the team to consider: the first is to educate the team to facilitate testing. This would 
contribute to finding bugs faster and to help them solve the problems and to improve the 
way-of-work. To educate would hopefully result in recommendation two, to have educated 
and experienced testers in the team. I would also recommend spending time on improving 
the communication to be able to use retrospective so that each retrospective generates 
improvements for the team and their process. It is also a good idea to discuss metrics and 
to give the team support in the work they do and to show their progress in improving the 
software.  

6.1.4 Resume of implementation: 

6.1.4.1 In Common 
Consistent for all the projects is that the education within test is a bit poor, which is what 
the first recommendation is based on. There are courses that the employers can take but 
there is a fear of getting stuck within testing that counteracts the willingness to attend 
these courses. That is where recommendation three helps out, if you know that you do not 
have to get stuck, you might get more interested in taking one. 
 
Recommendation number eight, to visualize test, is recurrent when looking at the 
processes of the teams. The expectation of visualization is to get test more involved in the 
whole development process and to improve the attitude towards test. The discussions 
during the focus group indicated that it is hard for a team to know how to visualize test 
and that it is very close to the discussion about metrics and what information they 
provide. To manage the visualization it is important for the team to agree of what to show 
and why, that is when it will give the most to the team.  
 
The tenth recommendation goes for all the teams, my question is if the metrics that are 
used are considered and compared to others. It is also an advice to consider more to 
complement each other. The metrics are important, but only if they provide the right 
information that could be interpreted correctly. 
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6.1.4.2 Differences 
One of the big differences between the projects is if they have experienced testers or not 
within the team that can help to move forward and have the role as a coach. Another 
difference is how they share the burden and the knowledge, if there are experienced 
testers within a team it becomes more natural to share knowledge than if the team 
experience that they are all on the same level.  
 
Another major difference is how the teams have chosen to communicate the information 
with the customer and within the team. There is  not a wrong way and there is  no way 
that suits them all, the important things is that it is thought through so it suits the team.  
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6.2 A Comparison with Other Recommendations 
This part of the discussion shows the similarities and the differences between the 
improvement areas and the recommendations that were presented in the theoretical 
framework.  

6.2.1 The Manifesto for Agile Software Development 
In comparison to my improvement areas The Agile Manifesto focuses on the whole 
software and not only the testing, another difference is that the recommendations are 
meant for a team and their cooperation while the Manifesto does not say anything about 
individual or team development.  
 
Common grounds for these two recommendations are that it is more important to find 
ways to work that suits the team than exactly which process or tool that is used. By 
listening to the individuals the best quality of software is received. Another common 
recommendation is the communication with the customer, the communication, is very 
important and it can shift what information it contains and therefore it is a way to 
communicate that is not by a contract.  
 
In the improvement areas no comparison is made between the importance of the software 
and the documentation as The Agile Manifesto has done on their second statement: 
Working software over comprehensive documentation. But my recommendation is to 
discuss which documentation is needed and only to write as much documentation that is 
used.  
 
The last value of the Agile Manifesto says: Responding to change over  following  a  plan  
which is not mentioned in the improvement areas but it is a ground rule for the agile 
methodologies that the teams are expected to use. 

6.2.2 Agile Testing, Nine principles 
When comparing improvement areas to Elisabeth Hendrickson’s nine principles both 
recommendations concern the test, the principles are focused more towards testing and 
the improvement areas towards the process and its development teams.  
 
The first principle is that testing moves the project forward, that test is no necessary evil 
and that the testers are no gate keepers. This is highlighted in my recommendation with 
the area Share the knowledge. The first and the second principle indicates the 
importance of testing continuously from the beginning, which is included in Take time to 
test early. The principle Everybody test is as direct as is could be and is more or less the 
same content as the recommendation Share the burden.  
 
I recommend to only produce documentation that is needed and used, which in 
Hendrickson’s principles is more direct and states Reduce test documentation overhead.  
 
Beside the mentioned similarities the recommendations are a bit different in focus, while 
Hendrickson focuses on the tests and the bugs, my recommendations focuses on the team, 
mindset and communication. They both have the same goal to catch bugs as quickly as 
possible and to use communication to get the best progress and process.  
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6.2.3 Seven Key Factors for Agile Testing Success 
Many of Lisa Crispin’s Key Factors are connected to the recommendations in the 
improvement areas. Crispin highlights the importance of using the whole team approach 
when working, which is very close to the areas which state that the team Shall share the 
burden and the knowledge. The improvement areas present the importance of educating 
when needed and to have the right knowledge within the team, as well as making sure 
that they are in an agreement in the purpose of test. Those two recommendations 
together with the seventh that concern awareness of alternatives, all create an Agile 
testing mindset which is another one of Crispin’s key factors.  
 
Retrospective is mentioned in both recommendations as something that definitely should 
be used as a way to provide and obtain feedback. In the same way both mention the 
communication and collaboration with the customer, Crispin specifies it in one factor 
while it is included in my last recommendation Communicate the information.  
 
Build a foundation of Core Agile Practises is the key factor to manage continuous 
integration, get a good test environment and work incrementally. This is covered in the 
improvement areas by the education, experienced testers in the team as well as an 
awareness of alternatives.  
 
The one of Crispin’s’ key factors that in the beginning look like it has the least in common 
with my recommendations is Automate Regression Testing. Her purpose of that factor is 
to put time into the technique of testing, and that the team should be able to choose 
which tools to use. This all comes together in the fact that awareness creates 
opportunities and improvement.  
 
Looking at the big picture includes using exploratory testing and taking the environment 
into account, like the context driven way of thinking. Once and again it is about being 
aware, experienced and having the right mindset. 
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6.3 Limitations 
My recommendation of improvement areas is produced for a team with an already agile 
process. The reason for this is that all projects that have been participating in this 
research have been on their way with agile. The implementation of agile has not always 
been totally completed, but it has been more an agile process then a traditional one. This 
makes the recommendation restricted to those projects that are in the same position. 
 
Because of the fact that all projects and development processes are different all of my 
recommendations might not suite all projects but hopefully the majority of them will be 
implementable in ongoing processes. When discussing the implementation of the 
recommendations it is shown that all recommendations are important for all project 
templates even though the team and their work are different.  
 
The recommendations in the improvement areas are not tested in a working team with 
ongoing process, which makes it more important to listen and be flexible when parts of 
the improvement areas are implemented. The reason that the recommendations are not 
tested is mostly because of time limitation.  
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7  Conclusion 
None of the development processes that I have considered are alike. It depends on the 
customer, type of product, responsibility from each stakeholder, knowledge and 
experience as well as a lot of other factors. Because of the uncertainty the key words of 
this thesis have been awareness, knowledge, attitude and experience. 
 
When the recommendations and improvement areas are compared in the discussion a 
conclusion can be made that they are similar, even though some of them has a different 
focus the basics are the same. This shows that my recommendations probably will help 
the teams in the different projects to get a more efficient test process with an increased 
awareness of risks as expected.  
 
The expectation of this study was to answer the thesis problem descriptions which were: 
 

- What does the test processes look like in different projects related to Combitech? 
- What makes a test process efficient, measurable and minimize risks? 
- Which parts of a test process in a project within Combitech can be best improved? 
 

The conclusion of the study to answer these questions is: 
 

- Each project has a different test process and way-of-work that suits the team the 
best.  It  is  not  possible  to  describe  what  a  process  looks  like  because  of  the  
differences in product, customer and team.  

- A test process is efficient when the process and way-of-work are suitable for the 
developing team. In a test process many statistics are presentable, but it is hard 
to tell what information the measurement implies. To minimize the risks with n a 
process is to increase the awareness and attention of risks. When the team is 
aware of possible risks it is also easier for them to consider and prevent them.  

- The improvement areas include eleven different recommendations which are all 
of importance when testing in an agile development process.  When discussing 
the recommendations in the different templates the areas that would make the 
largest impact and improvement for Combitech to consider within the teams 
would be: 

 
o Educate where education is needed 
o Be aware of the alternatives 
o Visualize test 
o Decide your metrics  
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