G Lut
) University

INTRODUCING TEST AUTOMATION FOR AN EXISTING SOFTWARE PROJECT

Case: M-Files Hubshare

Lappeenranta-Lahti Univeristy of Technology LUT
School of Engineering Science

Degree Programme in Software Engineering

2023

Roni Juntunen

Examiners: Associate professor Jussi Kasurinen (D.Sc.)

Lecturer Erno Vanhala (D.Sc.)



ABSTRACT

Lappeenranta-Lahti Univeristy of Technology LUT
LUT School of Engineering Science

Degree Programme in Software Engineering

Roni Juntunen

Introducing test automation for an existing software project

Case: M-Files Hubshare

Master’s thesis
2023
68 pages, 17 figures, 0 tables and 4 appendices

Examiners: Associate professor Jussi Kasurinen (D.Sc.)
Lecturer Erno Vanhala (D.Sc.)

Keywords: introducing, existing project, test automation, software project management,

architecture, unit testing, integration testing, system testing, case study, survey,
M-Files, Hubshare

The thesis describes how test automation can be introduced for an existing software project.
The research is done for the company and is based on a real industry case. During the thesis,
the issue is examined from three perspectives: test automation introduction, management and
technical architecture. Based on these three viewpoints holistic description of the realistic test
automation system is provided. In addition, some extra information is provided in the thesis,
for example, from the education and motivation points of view. At the beginning of the
thesis, different interview and survey-based information-gathering methods are described,
and collected information is presented. Based on the discovered knowledge, requirements
of the test automation system are formed. Later, the collected information is shaped into
coherent plans covering the thesis’ different perspectives. In the end, it is concluded that the
introduction of test automation is possible for the existing software project, assuming that
the introduction project is planned well enough and sufficient resources for the project are
provided by the management.
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Diplomityd kuvailee, kuinka testiautomaatio voidaan ottaa kdytt6on meneillddn olevassa
ohjelmistoprojektissa. Tutkimus on tehty yritykselle ja tyd perustuu aitoon tapaukseen ohjelmis-
toteollisuudessa. Ongelmaa ldhestytddn diplomitydssi kolmesta ndkdkulmasta: testausautomaa-
tion kayttoonotto, hallinnointi ja tekninen arkkitehtuuri. Perustuen ndihin kolmeen nékokul-
maan, kokonaisvaltainen kuvaus todenmukaisesta testausautomaatio jarjestelmésti tarjotaan
tyossd. Lisdksi tyo sisdltdd my0s joitakin muita yksityiskohtia, kuten muun muassa koulu-
tukseen ja motivaatioon liittyvid seikkoja. Diplomityon alussa haastatteluihin ja kysely-
tutkimukseen perustuvat tiedonkerdys tavat avataan ja lisidksi kerétyt tulokset esitellddn. Loy-
dettyjen tietojen pohjalta muodostetaan testausautomaatiojirjestelman vaatimukset. Myohem-
min kerityt tiedot muunnetaan johdonmukaisiksi suunnitelmiksi, jotka pitdvét sisdlldén tyon
eri ndkokulmat. Lopuksi todetaan, etté testausautomaation kdyttoonotto on mahdollista nykyiselle
ohjelmistoprojektille, olettaen ettd projekti on suunniteltu riittdvin hyvin ja riittdvit resurssit

on taattu projektille hallinnon tasolta.
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1 INTRODUCTION

Computer programs are full of faults. Faults cause programs to misbehave, work slowly
and leak data. Even though it would be desirable that programs would work perfectly, prior
studies have shown that this is not practical or impossible to achieve due to the inherent com-
plexity of the programs and related aspects [1]-[3]. Thus software testing is fighting against
programming faults and can be seen as an evergreen subject. Software testing has evolved
over the years, but there is still much to be researched [3]. One of the areas of software test-
ing is automated testing, which is often used for fighting against faults. In this thesis, a new

regression test automation system is invented for the M-Files’ Hubshare software.

Based on Google Scholar’s 22 500 hits for the exact query ”Test automation”, it can be stated
that generally, test automation has been studied extensively [4]. Due to the sheer amount
of papers, research is highly varied. According to Garousi and Mintyla study, model-based
testing methods, web services-based software, and regression testing are currently the most
popular aspects in their respective categories [5]. Based on the Ricca et al. literature review
Artificial Intelligence (AI) based test automation solutions have been proposed for common
problems like resources it takes to develop test automation, untested code, and extra mainte-
nance overhead [6]. As a solution, automated test generation, visual testing, and self-healing
mechanisms have been provided [6]. A checklist was assembled by Garousi and Mintyla
to support decision-making on whether to automate particular aspects of the Software Under
Testing (SUT) or not [7]. In their work, they identified that many aspects support automation,
but things like upcoming major modifications, unpredictability and complexity decrease the

feasibility of the test automation.

As stated in the previous paragraph, test automation has been researched rigorously, and
multiple studies have been made about it. However, there has yet to be a comprehensive, in-
depth case study about planning, developing and deploying full-scale industrial regression
test automation solutions in a single white paper. There have been many comprehensive case
studies about test automation, but all of them have been shallower case studies [8] or in-depth,
but laser-focused case studies [9]-[11]. Nevertheless, there has not been a comprehensive,
in-depth case study of a single system that covers the whole regression testing automation

spectrum and related management matters as is provided in this thesis.



1.1 Definition of the problem

M-Files Hubshare is a file-sharing and intranet platform which has been in active develop-
ment since 2013 [12], [13]. Even though the platform has been in development for multiple
years, its adoption of regression test automation has been minimal. Instead, manual regres-
sion testing has been used extensively to prevent regressions from occurring in releases. The
issue with manual testing is that the testing is tedious and cannot be done as often as au-
tomated regression testing [14], which restricts, for example, the phase of the releases. In
addition, manual testing is always somewhat subjective due to human factors [14]. Manual

testing exposes software for possible testing errors and thus regression defects [15].

Because of the previously mentioned issues, implementing regression test automation has
been seen as a necessary activity in Hubshare’s software development. However, this need
raises multiple questions that must be resolved before the regression test automation system
can be fully taken into daily use. How can different parts of the software be isolated using
fakes so that the software can be tested in pieces? How are developers educated to write good
automation test cases? In which way the daily test automation activities can be carried out
effectively?

Since the problem is broad, only some of the questions can be answered in a single thesis.

This thesis focuses on answering the following Research Questions (RQs):

RQ1 What management-related aspects must be considered regarding the test automation
systems?

RQ2 How can test automation effectively be taken into daily use?

RQ3 How to design a usable, performant and stable regression test automation system in all

three major testing levels (unit, integration and system)?

1.2 Goals and limitations

This thesis aims to design an overall functional comprehensive regression test automation
system. The thesis does not consider other use cases of test automation like automated per-
formance, security or usability testing. Other test automation types are out of the scope of this
thesis because they require significantly different technologies and techniques compared to
regression test automation and are not directly related. Additionally, Continuous Integration
(CI) is mainly ignored from the technical standpoint in this thesis. During the project, it was
realised that a simple virtual machine CI setup is sufficient until test automation has matured

considerably more.



Even though during this thesis, soft values like motivation and developer education are iden-
tified as necessary activities, those subjects will only be touched on in this work. The thesis
focuses mainly on the technical and management perspectives, and educational aspects would
be too far off from the main points. During this thesis, those subjects were still somewhat
addressed because, in reality addressing those aspects is necessary and ignoring them would

have left the test automation system incomplete.

This thesis contains a considerable amount of plans and technical details. However, due to the
project’s sheer size, the test automation system’s technical side was not fully completed nor
taken into daily use before publishing this thesis. It would have been impossible to complete
the amount of work required for a complete system with the usable resources and time. Even
most people involved in the project doubted this much could be achieved during the given
time frame. As illustrated in the Figure 1 unit automation testing systems were finalised,
Application Programming Interface (API) automation testing system was mostly finalised,
and component level integration testing, as well as system testing, were not finalised during
the thesis. Only backend unit testing was fully taken into use during the thesis. Because the
project is still ongoing during the publication of this thesis, only preliminary results based on

the gathered knowledge and created technical solutions are reported in this paper.

S

Figure 1: Practical implementation’s status at the publication time

1.3 Structure of the thesis

This thesis has eight primary chapters. During the chapter 1, thesis themes were introduced,
and research questions were laid out. The literature review is conducted in the chapter 2, and
the context of the project is described. Case and research methodologies are presented in the

chapter 3.

The first planning steps, information gathering, survey planning, and results, can be found
in the chapter 4. In the chapter 5, planning of the test automation systems will be described,
including requirements, management and technical planning. During the chapter 6, the pro-
duced test automation system will be detailed, and its success will be evaluated based on the
professional review’s results. General discussion related to the project overall and specific

aspects can be found in the chapter 7. Finally, conclusions are laid out in the chapter 8.
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2 BACKGROUND

This chapter describes the context of the thesis from two different perspectives. First, three
sections of the chapter concentrate on general testing and tightly related management sub-

jects. Forth section, on the other hand, concentrates on the background of the case at hand.

2.1 General concepts in software engineering

During this section, general concepts related to software testing are laid out. The first sub-
sections holistically describe software quality and testing, while later subsections concentrate

on more specific subjects.

2.1.1 Quality

Software quality is hard to define, but its absence is easy to recognise [16], [17]. Because of
the prior statement, concrete examples can make the essence of the quality easier to under-
stand. For example, a person and her friend are about to buy two public transportation tickets
via a new application that the person has just downloaded. In the beginning, the person setups
the destination by inputting the address she wants to reach. After inputting the address, she
is ready to pay for the tickets.

Unfortunately, while paying for the tickets, the person encounters two problems. The pay-
ment button is greyed out, and she does not see an option to buy two tickets. After a while,
the person discovers that age and payment options need to be set, which is why she cannot
buy a ticket. She cannot find any solution for buying two tickets simultaneously, so she has
to buy one ticket at a time. In the end, the first purchase goes through without issues, but the

second purchase fails due to an unknown error.

At first, it can be hard to pinpoint precisely, what is wrong, but after some thinking, the
problems are apparent. User Interface (UI) is hard for a new user to use because the default
values of the application are illogical and should be revisited. Wrong default values lead to
bad User Experience (UX), finally leading to a lousy quality impression on the user’s end. On
the other hand, the user would have liked to buy two tickets instead of only one but could not
do so quickly. The need for an important feature again reduces the user’s quality impression.

Finally, the failure of the second ticket is the result of the bad quality.

11



According to Gillies, the quality can be described via the following five statements [17]:

1. Quality is not absolute. Considering the above example, some may consider the quality
of the software good and instead blame themselves for making mistakes.

2. Quality is multidimensional. For example, the above paragraph did have two dimen-
sions, usability of the Ul and correctness of the functionality.

3. Quality is subject to constraints. The application described in the above example may
have had a small budget, and it could not be tested sufficiently extensively.

4. Quality is about acceptable compromises. Even though there may have been a tight
budget with the example application, and the UX could have been better, at least the
first purchase worked well.

5. Quality criteria are not independent. Probably in the above example application, it
would have been possible to add an option to buy more than one ticket. However, that
would have caused a quality paradox because the application would have become more

complex, which was a problem with payment.

Quality also has other definitions. Generally, International Organization for Standardization
(ISO)9001:2008 states that quality can be determined by comparing intrinsic characteristics
with the requirements and that the quality is achieved if the set requirements are achieved
[18]. Petrasch’s definition of quality is similar to ISO9001°s specification, but has some
supplements. In addition to ISO9001, Petrasch states that quality can also be affected by other
characteristics not directly related to the requirements [19]. By this definition, it is inferred
that requirements only partially account for all the aspects that may affect the quality. Garvin
splits quality into five views: transcendental, user, manufacturing, product, and value-based
view [20]. These different views emphasise certain aspects of the quality. For example,
value-based quality emphasises the monetary value the customer is willing to pay for the
product [20]. Overall, quality has plenty of definitions that all hold part of the full definition.

2.1.2 Quality assurance

Institute of Electrical and Electronics Engineering (IEEE) defines Quality Assurance (QA)
as a systematic pattern of actions necessary to provide confidence that an entity conforms to
requirements [21]. Galin expands IEEE’s definition by including non-technical development
aspects like scheduling and budget [22]. He also includes quality-related activities during
the maintenance of already-released software. On the other hand, software quality also has
practical definitions. Tian defines QA as activities that make sure that few or no defects

remain in the final software before it is released to the market [23].

As a current QA professional, I define QA as a set of activities that aim to make software
and processes around it as good as possible. In practice, QA is carried out by testing the

software using various methods, assessing its development and processes professionally, and

12



monitoring test automation results. Targets of the QA can vary, but a generally good target

for a QA professional is to try to assure the quality from the customer’s perspective.

The mindset of the QAs professionals is different compared to most of the other Product De-
velopment (PD) staff, like developers. While QAs have critical eyes, pay attention to details
and concentrate on finding problems, developers, on the other hand, focus on designing and
building the software [24]. During daily work, the mindset difference is significant. For ex-
ample, during the security vulnerability research, it was found that security problems were
found more effectively if a developer had a more open mindset by nature or if there was a sep-
arate team for assessing the security matters [25]. Developers generally trust their code, but
due to the developer’s confidence, their code may still contain bugs [26]. To avoid some bugs

second critical opinion, for example, from the QA, is a welcome addition to the development.

2.1.3 Software testing

According to Ammann and Offutt, software testing is an activity during which it is verified
that the software works correctly or according to its specification by running the software and
examining the outcomes [27]. Based on the source, in addition to verification, testing also
includes validation activities to ensure that the software specification is appropriate. Based on
the Olsen et al.’s definitions, one of the typical objectives of software testing is to find defects
and failures [24]. However, the authors also state that the testing cannot prove the absence
of defects and is not proof of software correctness. Additionally, Olsen et al. emphasize
that exhaustive testing is impossible. Exhaustive testing is impossible because computer

programs are complicated, and testing every scenario would require too many resources.

2.1.4 Test automation

Sharma states that software testing can be divided into two primary modes: manual testing
and automated testing [28]. In manual testing, test cases are done manually by the test en-
gineer. In automated testing, test cases are carried out automatically by machines and are
built using the help of programming languages according to Sharma. Because machines can-
not currently do abstract reasoning, only verification activities of the software testing can be
currently done using automated testing based on the Karhu et al.’s work [29]. Karhu et al.
further lists the advantages and disadvantages of test automation in the paper. The main ad-
vantage of automated software testing is increased testing speed due to computers’ superior
execution speed. At the same time, a significant disadvantage is the increased costs because

of the new maintenance, implementation and training requirements.

13



2.1.5 Different levels of testing

According to Black, V-model seen in the Figure 2 is an upward bend testing-focused ver-
sion of the commonly known waterfall software model [30]. The model emphasises that
more straightforward tests, like unit tests, focus on lower-level details while higher test lev-
els concentrate on more complex topics based on the paper. From another point of view, the
V-model can also be seen as a relation between requirements and testing [31]. Even though
in the Figure 2, requirements are only tied to the user acceptance level testing, requirements
can also be considered to be directly tied to other testing levels. For example, subsystem
requirements can be directly related to the integration testing [31]. More information about

testing levels is available in the section 2.3.

User
——————————————————————————————————————————————————————————————— acceptance
testing

Requirements

System
specifications

System
testing

Integration
testing

Unit testing
Building

components /
coding

Components
design

Figure 2: V-model [32]

2.2 Management background

The background of the Test Automation (TA) management-related matters will be described
in this section. The section includes multiple sub-sections describing the test automation
management background from different perspectives. The first two subsections are related
to the introduction of test automation. The third subsection tells about test automation-related
education aspects, and the last two subsections describe daily activities of the test automation

development.

2.2.1 Introduction of the test automation

Before test automation can be deployed properly, there must be a plan for how the test au-

tomation will be taken into use appropriately. Generally, there are four steps during the

14



introduction process. The steps are 1) team assembly, 2) publicity, 3) test automation pilot
and 4) phased implementation of the test automation [33]. There is also a more fine-grained
10-part introduction process, which includes phases for test strategy, test tool compatibility
and training requirements [34]. This process fits the previously defined introduction process
framework reasonably well but is considerably more detailed. An alternative, more practical
definition of the introduction process is 5 step Automated Software Testing (AST) process.
The process steps are 1) requirements gathering, 2) case design and development, 3) automa-
tion framework development, 4) test execution and reporting and 5) program review and

assessment [35].

In addition to the introduction processes, introduction roles should be acknowledged before
beginning the test automation preparations. According to one definition, these roles could
be: TA tool selection champion, organisation change agent, management sponsor, TA tool
customiser and implementation team members [33]. These roles, especially organisation
change agent and management sponsor, would activate the company’s management into what

is necessary for the project’s success of the project [8], [33].

2.2.2 Prioritisation of the test automation

When the new test automation system is used, it is crucial to understand which parts of the
system on which testing level should be automated first so that the test automation system ad-
vantages can be maximised from the start. As a starting point, it has been recommended that
the test cases that are boring to perform and repetitious or very complex to execute manually
should be automated first [8]. Test cases that are executed often and require large amounts
of data should also be among the first to be automated [36]. From the financial perspective,
test cases with the highest Return Of Investment (ROI) should be automated first [§].

While considering the test automation prioritisation, it is good to consider the required au-
tomation test case efforts. Test cases with low effort and high value should have top priority
when automating the test cases [33], [37]. However, this balance may be hard to achieve
because, for example, unit tests are easy to create, but they cover only a tiny part of the
application. On the other hand, integration and system tests cover a more significant part
of the application, but they are harder to construct. In practice, more complex smoke and

integration tests have been observed to offer better ROI [38].

2.2.3 Test automation education

Before the test automation system can be taken into use, developers must be aware of the test
automation development and the best practices. It has been stated that automation education

is often the key to successful automation because people often need help understanding what
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is realistic with the automation and what is not [8]. However, during a survey, it was discov-
ered that only 38% of the respondents felt that sufficient test automation education had been
provided to them [39].

According to Timoney ef al., test automation has been seen as a tricky subject to educate in
universities because test automation requires a significant amount of prior knowledge, for
example, from fundamental software testing and software modelling [40]. In addition, it
has been stated in the paper that recommended test automation tools have constantly been
fluctuating, making it hard to find a good test automation tool suitable for education. So,
education about the test automation tool is crucial, but general knowledge about the testing
should be appropriate. Based on the context of this thesis and based on the following three
books [27], [41], [42] Table Of Contentss (TOCs) for example, the following topics could be

covered during the test automation education sessions:

* What is software testing?
— Why do we test software?
— Objectives and limitations of Testing

— The value versus the cost of testing

Testing types
 Psychology of testing

* Software test automation

2.2.4 Test automation daily development activities

In the Royce’s paper classical “waterfall model” is introduced, which is a linear process
model for software development [43]. The model has roughly the following phases: 1) re-
quirements, 2) preliminary design, 3) analysis, 4) program design, 5) coding, 6) testing and 7)
operations. Notably, in the model, software testing has been placed as a second last step right
before the step during which software is taken into daily use. However, even in the original
Royce’s paper defining the “waterfall” process, it was noted that placing the testing as one
of the final steps of the process is risky. According to Royce, situating testing among the
last steps is risky because all the possible design issues that may cause significant redesign
would be detected late. Due to the waterfall process’s inherent problems, nowadays, agile
processes are used more commonly instead. The agile process has many principles, but one
of the main principles is ”Responding to change over following the plan” [44]. The agile

process premise differs significantly from the waterfall process’ premise.

Currently, the most popular agile process is the Scrum process, used even by 94% of the teams
using Agile processes [45], [46]. Rising and Janoff describes Scrum as an incremental process

for building software in complex environments while staying at the edge of the developing
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organization’s tolerances [47]. Rubin defines the Scrum process as follows [45]. In the
Scrum process, the software is developed in small iterations called sprints instead of one
monolithic development pipeline. During the iteration, new features and bug fixes are made
to the software, and those improvements are tested. Finally, at the end of the sprint, during a
sprint review, it is verified using Definition of Done (DoD) that the new improvements have

been made appropriately and development included proper testing of the improvements.

One alternative agile approach to Scrum process is Extreme Programming (XP). In XP pro-
cess, testing is defined to be isolated and automated. Test cases are written by programmers
and customers [26]. Compared to the Scrum process, the XP process explicitly defines how
testing practices work. However, both processes agree that test automation should be an

integral part of the development activities.

In addition to overall development process frameworks, a process for writing the test cases
is also important. Traditionally the automation test cases have been written after the code
has been constructed in a waterfall-like fashion. Nowadays, it is popular to use Test Driven
Development (TDD) instead [48]. In TDD, test cases are written before the code [49]. It
has been stated that when using TDD, the program is always working, but possibly in an
incomplete state [48]. TDD follows the following three-step process, red: write a test that
does not work, green: make the test work by any means necessary, refactor: improve the code

by removing dirty solutions done during the previous step [49]. XP uses TDD explicitly [26].

2.2.5 Test automation roles

Based on the mentioned agile processes, it can be stated that the developers should write test
automation cases and, in some cases, possibly even the customers [26], [45]. Additionally,
domain experts can help with the writing of the test cases [50]. However, according to Ieshin
et al., it is not recommended that the whole test automation stack is developed by the same
team that develops the test cases [51]. Instead, in the Ieshin et al.’s paper, it is recommended
that companies should have a centralised Test Automation Framework (TAF) team to avoid
problems like fragmentation of knowledge, redundant work and too small resources for TA.
Graham and Fewster state that from the management point of view most important responsi-
bility is to provide sufficient support and resources for the test automation efforts [8]. They

further emphasise that sufficient management efforts are vital for test automation’s success.

Additionally, as part of the test automation process, there can be a test manager who manages
the big picture of the test case creation and supervises the test reports produced by the test
automation [50]. The team leaders lead practical work of the test automation [52]. Team lead-
ers have different names and slightly different responsibilities based on the selected, overall

development process model. For example, in Scrum, Scrum master could be classified as a
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team leader who oversees the current development activities, including testing [45]. Test au-
tomation engineer can also be considered as a separate role [52]. Test automation engineers

are vital for the TAF, which requires an excellent knowledge of test automation.

2.3 Technical background

This section introduces different test levels and technologies from the test automation point
of view. The first five subsections describe testing levels introduced in the subsection 2.1.5,

while the last section describes the basics of the CI.

2.3.1 Unit testing

Unit tests are simple sanity checks for the code, and they are used to evaluate if the results of
the computations are correct swiftly [53]. The purpose of the unit tests is to check that code
being written during feature development is correct [54]. From the architectural standpoint,
unit tests help ensure that developed code is appropriately decoupled according to Khorikov’s
paper [55]. The paper further states that unit tests are crucial for the software project because

they enable sustainable project growth via positive architectural improvements.

The scope of the unit test is the tiniest functional point, which is often a single class [56].
The alternative Osherove’s scope definition describes that the unit tests are used for testing
the units of work [57]. Units of work are behaviours that can be initiated via public APIs,
and the effect of the initiation can be observed via some externally visible result like a return
value based on the work. While the first definition implicitly restricts a single unit test to
an instance of the class, the alternative definition explicitly allows unit tests to span multiple

classes if it is deemed necessary for the one unit of work [56], [57].

One great approach for unit testing is Arrange-Act-Assert (AAA) pattern invented by Wake
[58]. In the Simon’s book, AAA pattern is described as follows. During the arrange phase,
the test scenario is set up, fake objects are prepared, and an instance of the class under testing
is created. In the act phase method under testing is executed. Finally, in the assert phase, it
is made sure that the program’s state is as expected. In the simplest case, an assertion can

consist of checking the function’s return value as hinted in the unit of work [57] definition.

Actand assert phases are often relatively straightforward in the AAA pattern, but surprisingly,
the arrange phase can be pretty complex in unit testing due to the need for fakes. Fakes are
objects with limited functionality and are used in testing in place of the actual objects to limit
a unit test to only a particular part of the program [54]. Fakes can be classified into subcate-
gories, such as stubs and mocks [54]. Stubs replace the functionality of the original method

with something more suitable for testing, while mocks additionally verify already during run-
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time that the replaced method is called with the correct arguments [27]. So basically, mocks

are stubs but with built-in assertions.

While unit testing is a helpful tool, it has its challenges. According to Runeson, it can be hard
to decouple different units, and unit tests may, in the end, test too much [59]. Additionally, as
arelated problem, units with large data structures are hard to unit test. Hunt and Thomas states
in their book that many tests can break, because of the modifications to the functionality, if
the code under testing is highly coupled [60]. They also state that tests may fail on some
machines if the test code contains any timing problems. In addition, generally UI related unit

testing is seen hard [59].

2.3.2 Integration testing

According to Brar and Kaur’s paper, integration testing verifies that the units tested during
the unit testing work also correctly with each other in addition to working alone [61]. The
paper also describes the advantages and disadvantages of integration testing. Integration
testing’s advantage compared to unit testing is that it is more capable of discovering problems.
However, a downside of this is that it is more challenging to find the root cause of the problem
based on the integration testing results. In addition, integration tests are generally slower to

run than unit tests [54].

Based on the Olsen ef al.’s syllabus, integration testing is divided into component and system
integration testing [24]. The syllabus further defines that in component integration testing,
it is verified that integrations between internal software components work correctly. On the
other hand, system integration testing concentrates on testing interfaces between different
systems. One of the most common challenges in component integration testing is that Com-
mercial Of The Self (COTS) components are hard to test with due to lack of source code
visibility [62]. Similar problems may also arise with the system-level integration testing if

the commercial software systems’ documentation only includes some essential details.

Integration testing can be done using one of the four approaches: 1) top-down, 2) bottom-up,
3) threaded integration/sandwich and 4) big bang. The difference between the methods is
the order of integration. In the top-down higher-level components are tested first together
before lower-level components, while in the bottom-up approach, it is another way around.
Threaded integration, on the other hand, is a combination of the previous two. In the big bang
method, all the units are integrated at once. [61], [63], [64]

One form of integration testing is API testing [65]. According to Isha et al.’s paper, in API
testing, an application’s often REpresentational State Transfer (REST) based APIs function-
ality is tested [66]. Additionally, it is stated in the paper that API testing is often done auto-

matically because manual API testing is time-consuming, error-prone and impossible for the
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API endpoints with more extensive data flows. As stated by Bangare et al., in API testing
APIs can be treated as black boxes [67]. However, the article also mentions that this ap-
proach may leave some code paths inside the application untested. Due to this, unit tests that

are closer to the source code are still useful.

Because integration tests are testing larger bodies of applications, integration tests may re-
quire more complex preliminary preparations. For example, a test database that can be re-
stored to a known state is often needed in integration testing [67]. Integration testing also has
other challenges. One of the most prominent problems of integration testing is test flakiness,
which reduces developers’ trust in automation testing and causes significant computing over-
head [68]. Flaky tests are non-deterministic test cases that sometimes fail by themselves [69].
Additionally, software component heterogeneity, constantly fluctuating code base and lack
of information caused by the lack of access to source code for the commercially available

components are seen as impediments to the integration testing [62].

2.3.3 System testing

System testing is a testing level that focuses on a system as a whole and aims to verify that
specified requirements are met [70]. Unlike integration testing, system testing does not re-
quire knowledge about the application’s inner workings [67]. Because of this, manual testing
is often done on the system testing level by the QA engineers. In addition to functional test-
ing, system testing also includes qualitative testing activities, like, for example, performance
testing [71].

One form of system testing is Graphical User Interface (GUI) testing [72]. In GUI testing,
sequences of user input events are executed against a GUI [73]. GUI testing is probably the
most common type of system testing because most new applications contain some forms of
GUIs. The existence of GUI is problematic for the applications’ creators because GUIs are

complex and expensive to test [74].

One technique for GUI testing is Visual Graphical user interface Testing (VGT) [72]. VGT
based techniques speed up error-prone manual testing activities. However, VGT has chal-

lenges like lack of empirically-based knowledge and associated costs [75].

As with other testing levels, system testing has its challenges. For example, regarding GUI,
testing synchronisation of the user actions and recognition of the UI objects can be challeng-
ing according to Graham and Fewster’s book [8]. Furthermore, it is stated in the book that
automation test tools do testing differently compared to humans, which causes unexpected
behaviours in the application. Probably partly due to these problems, the usability of the test

tools has been seen as the most crucial criterion during tool selection [76].
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2.3.4 User acceptance testing

During User Acceptance Testing (UAT) user checks produced software to accept it [77].
Unlike during system testing, UAT is tested in a production-like environment [78]. The end
goal of the UAT is to establish confidence in the user that the produced software is fit for the
purpose [77]. UAT will not be addressed further in this thesis because it is out of scope.

2.3.5 Continuous integration

Continuous Integration (CI) is a development practice in which application developers in-
tegrate their development work often [79]. Originally CI was invented as a part of the XP
software process framework, but later it has also been used outside of it [80]. CI is often ex-
ercised with the help of automation, which verifies that the software can still be successfully
built and that the automated test cases do pass [79]. The advantage of CI practices is that
they do effectively prevent: it works on my machine” syndrome, and that way reduces the

risk of taking code into production [80].

2.4 Context of the project

This section describes the context of this project by describing companies and products
around it. The first section introduces the parent company M-Files. After the introduction of

the M-Files, the Hubshare division is introduced. Finally, Hubshare as a product is presented.

2.4.1 M-Files Oy

M-Files Oy is a Finnish software company that has over 500 employees around the world. M-
Files’ headquarters is located in Tampere, Hervanta, Finland, but M-Files also has offices in
the United States, Great Britain and France. The company currently has over 5 000 customers

in over 100 countries worldwide. [81]

Nowadays, M-Files’ mission is to boost companies’ business activities in the current location-
independent world. The company has a core product, which is also called M-Files. M-Files is
a smart information management platform which helps companies manage information more
efficiently and automate business processes. M-Files product Ul can be seen in the Figure 3.
[81]

M-Files started as Motiivi Oy in 1987, later known as Motive Systems and M-Files. Business
related to the M-Files product started in 2002. The First version of the M-Files was released
in 2005. After that, M-Files has grown fast, even 40-50% per year. [82], [83]
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Figure 3: M-Files Web UI

2.4.2 Hubshare division

Hubshare started as an independent software company in 1997 but was later acquired by M-
Files in 2021 [13], [84]. Before its acquisition, Hubshare specialised as a reseller of software
solutions for legal companies and professionals. In 2013 they started creating their main
product Hubshare [13]. Nowadays, Hubshare is part of the M-Files company and develops
and provides its main product, Hubshare, alongside the M-Files platform portfolio [84].

2.4.3 Hubshare as a product

Similarly to M-Files, Hubshare’s main product shares the name with the company and is
called Hubshare. According to Hubshare’s technical manager, Hubshare is a SaaS web plat-
form that allows users to collaborate with internal and external stakeholders around docu-
ments, projects, events and all other information beneficial for their business. In practice,
Hubshare is used for creating customisable intranets, and extranets for companies [12]. Hub-

share UI can be seen in the Figure 4.
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Figure 4: Hubshare’s dashboard interface
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3 CASE & RESEARCH METHODOLOGIES

The specifics of the case, Hubshare, will be described in this chapter. After the introduction,
the reasoning behind the research methods will be opened, and different research methods will

be presented. Finally, the indicators for the success metrics of the research will be defined.

3.1 Case: New test automation system for Hubshare

As described during the section 2.4, Hubshare is an M-Files subsidiary and a digital work-
place portal software. During the initial development of the Hubshare product, Hubshare
was a significantly smaller company compared to the current combined size of Hubshare and
M-Files. Because the company was small, when the Hubshare product was introduced, all
the development resources were mainly devoted to listening to customer wishes and adding
new functionalities. Because of the strict focus on functionality and resource limitations,
test automation was not considered at the beginning of the Hubshare product project. The
resourcing issue is typical in the startup scene and has also been identified in the literature
[85].

Over the years, Hubshare’s code base grew considerably more extensive. During the contin-
uous development, test automation was considered from time to time, and all kinds of test
automation trials and implementations were made. However, most of the test automation
attempts were short-lived. Attempts dried out because the proper test automation processes
were not established, and the technical things like Continuous Integration (CI)-pipelines were
left undone. After a while, half-completed test automation solutions were left without main-
tenance and slowly became unusable because the automation cases were not synchronized

with the code changes.

At the beginning of this project, there were only two somewhat functional test automation
systems. The first system implemented the unit tests for the Active Server Pages Network
Enabled Technologies (ASP.NET) based backend. The system was fully functional, and even
the Cl-pipeline was enabled for the system that the developers actively monitored. The prob-
lem with the existing system was that the test coverage was deficient, and the test cases tested
almost exclusively trivial cases or, in other words, pure functions without any side effects.
Another test automation system that was somewhat in use was API integration level test au-
tomation. Test automation covered most of the publicly available API. The problem with the
API-test automation system was that it was not functional in the Cl-pipeline, even though a

pipeline did exist. Any test automation processes and plans were lacking in the beginning.
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Even though Hubshare’s initial situation was not ideal from the test automation perspective,
there was still a silver lining at the starting point. Hubshare did have extensive and prolonged
Release Acceptance Testing (RAT) testing in place, which assured the quality of the product
and pruned away worst regression bugs. So in the initial situation, regression testing was
mainly done manually, not automatically, but it was still being done and not ignored, which
is the most important thing. The importance of regression testing has also been identified in
the literature [86].

3.2 Research methodologies

During this section, methods that were used during the research will be presented. First,
different research methods will be described shortly. After that, it will be explained why the

specific methods were selected for this research.

3.2.1 Case study

Based on the Feagin ef al. definition, a case study is an in-depth investigation that studies a
single social phenomenon using qualitative research methods [87]. Further, they define that
the research should be conducted in great detail and that it often uses multiple data sources.
According to Flyvbjerg, a case study mainly emphasises what to research instead of how to
research it [88]. So defining clear boundaries for the research is vital during the case study,

according to the book.

A case study was a natural research framework choice for this thesis because a single instance
of the phenomenon is extensively studied during the research. As the case study requires,
the subject under research is clearly defined. Even though the subject is broad, when viewed
from a practical viewpoint, the subject can still be researched extensively. Extensive research
is possible because the subject is restricted to higher-level management, introduction and
architecture instead of considering the whole sociological and technical hierarchy from top
to bottom. In addition, a multi-research approach fits this research well, which is encouraged

while carrying out a case study.

3.2.2 Semi-structured interviews

Interviews are the most common way of collecting information among qualitative researchers
[89]. Overall there are four different forms of interviews: structured, semi-structured, un-
structured and focus group interviews [90]. During this research, semi-structured interviews
were used. Semi-structured interviews have predefined questions, but unlike strictly struc-

tured interviews, they allow discussion to evolve into directions that were not planned [90].
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Semi-structured interviews often provide helpful information that a researcher could not an-
ticipate before the interview [91].

Initially, it was unclear what should be done and even researched. Interviews can provide
in-depth qualitative information that will help understand the subject better. Interviews are
helpful when questions are better answered in prose than with numbers, and there is a need to
explore a trend [92], which is the case in this research. Because of that, the interviews were

selected as an information-gathering method for this thesis.

Specifically, semi-structured interviews were selected as the primary interviewing method
because the other methods were not entirely fitting for the research. Generally, the software
field is dominated by workers that have introverted personalities [93]. Due to this, unstruc-
tured interviews would have probably been relatively ineffective because interviewees would
have given only minimal input to the beginning question, and the discussion would have
ended prematurely. On the other hand, structured interviews do not allow deviations from
the interview questions, which may have left some exciting aspects unnoticed and limited the
depth of the data [90]. Due to these facts as a good compromise, semi-structured interviews

were selected as interviewing method.

3.2.3 Survey

According to Groves et al., a survey is a research methodology that gathers information from
the sample population to form quantitative knowledge of the attributes of the larger population
[94]. Alternatively, it can be stated that a survey describes a population using counts and
describes “what is out there” [95]. So, the survey produces a quantitative view of subjects

handled in the survey from the perspective of a specific population.

At the beginning of this thesis, a survey was not considered for the research. A survey was not
considered because it was assumed that interviews and other information collection methods
would sufficiently provide knowledge to understand the case properly. However, during
an interview session, it was suggested by the interviewee that the survey could be organised
related to the research because he thought it could be essential to collect information also from
the wider audience. This comment was stated outside the planned questions and concretely

proved the power of the semi-structured interviews.

In the end, a survey was also included as a research method. Even though interviews can pro-
vide deep knowledge about the subject, there is a possibility that only some opinions and facts
are heard during the interviews, which could leave some areas accidentally without investi-
gation. The survey was selected as an information-gathering way to fill possible information
holes to ensure that no accidental holes would be left during the research by involving a larger

population.
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3.2.4 Literature review

The literature review available in the chapter 2 was done to understand the project’s context
and gather information about prior research. Because the selected field is large overall, the
academic literature review focused only on the most important subjects. In addition to aca-
demic papers, other literature sources were also used for the information gathering described
later in the section 4.2. A literature review was selected as a research method because it is a
common academic practice and provides a better understanding of the context of the subject

under research.

3.3 Success metrics

While hard metrics like coverage increase in a specific time frame, the percentage of the
flaky automation test runs and the decrease of the regression bugs would have been a perfect
fit for this thesis. Unfortunately, due to time constraints, any of the mentioned options were
not realistic. Overall the project is long, which causes the effects of this project to be visible
properly after an even longer time. Because writing the thesis should take about half a year,

any of the mentioned metrics were not considered.

Instead, another metric needed to be invented to finish the thesis at the appropriate time. Be-
cause it is hard to measure a system under construction with hard metrics, soft professional
review metrics were selected instead. Soft success metrics aim to capture the satisfaction of
the professionals involved in the project and chart the satisfaction of the developers devel-
oping the test automation test cases in the future. Practically the success was measured by
organising semi-structured interviews with the questions available in the Appendix D. Ad-
ditionally, an anonymous survey was organised with the same questions as in the interviews
to ensure that the interviewees could also safely provide negative feedback regarding the

project.

The project’s absolute success metrics are impossible to capture using professional reviews.
However, it is possible to have a good approximation of how well the project succeeded,
which is better than no metrics. As stated earlier, the exact metrics cannot be used during this
project. However, during a smaller continuation study, exact success metrics related to this

project could be collected.
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4 INITIAL PLANNING & INFORMATION GATHERING

This chapter will explain how the initial planning was done by describing activities at the
project’s beginning. After that, the information-gathering activities of the project will be
explained. In addition, the most important finding from the information-gathering activities

will be presented.

4.1 Initial planning

This section will explain how the initial planning of the project was done. In the beginning,
the front end of the project will be explained. After that creation of the meta-plan will be laid

out. Finally, it is described how the rest of the work was finally being made.

4.1.1 Beginning of the project

The M-Files QA team originally initiated the test automation project. In the beginning, it
was thought that the project would mainly consist of the construction of the integration and
system-level test automation systems. Based on the assumptions, even some very rudimen-

tary plans were made regarding those test levels.

However, those impressions did not last long. Shortly after the project’s initiation, a meeting
with a Hubshare development team was kept. After the meeting, it was evident that Hub-
share’s needs were significantly broader compared to initial beliefs inside QA team. During
the meeting, many wishes were presented regarding test automation, further refined in the

meta plan explained in the following subsection.

4.1.2 Creation of the meta-plan

Because the project size ended up being extensive, it was impossible to start planning im-
mediately. Instead plan on how to plan, the so-called "meta-plan” was first needed. In the
meta-plan, the scope of the thesis was initially roughly presented using a list of things that
will and will not be addressed as well as things that may be addressed during the thesis.
Another vital aspect described in the meta-plan was the plan for the information gathering.
In addition, the meta plan included some rough proposals of the project’s phases and thesis’
structure. Finally, the meta-plan also included a list of technical tools that will be used during

the project.
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4.1.3 Ways of working

At the beginning of the project, tasks were mainly done using the waterfall-like process
method (processes described in the subsection 2.2.4). This process model was implicitly
chosen because it took time to understand the exact tasks at the beginning of the project.
In the agile-based methods, it would have been hard to fill the backlog appropriately. As a
result of the waterfall-like process, the most vital details of the test automation system, like

processes and architecture, were initially planned.

However, as described in the subsection 2.2.4, the waterfall model has the inherent flaw of
not being flexible, and due to that, it is important not to over-plan. Because of this, only
high-level architectures of the test automation systems were planned, and implementation-
specific details were left open. In addition, it was always kept in mind that things can and

will change, and none of the plans should be considered final.

After the initial phase, the way of working was changed radically towards a more agile way,
where things were developed in smaller cycles with faster iterations. More dynamic iterations
were now possible because, during the initial planning, general directions in the test automa-
tion project were established. So overall, the project followed a hybrid approach between the

waterfall and agile models.

4.2 Literature reviews

As described in the subsection 3.2.4, an academic literature review was used during this the-
sis. However, additionally, multiple other literature sources were used during this research.

The usage of different literature sources is defined in the following sub-sections.

4.2.1 Prior M-Files theses

M-Files is a famous company for thesis workers. Overall about 20 theses have been done
for M-Files during the years. Many of the theses have been testing and test automation re-
lated. Due to that, other theses were also helpful as a reference for this project. Because by
academic conventions, theses are not appropriate sources for academic research due to more
tremendous changes of mistakes contained within them. Due to that, other M-Files theses
were not directly affiliated with this research and were only used as references to guide this

thesis towards the correct direction.

4.2.2 M-Files process & test automation documents

M-Files has an extensive collection of process documents that describe how current M-Files

processes work. Process documents were helpful as a reference for constructing new test
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automation processes for Hubshare. In addition, some documents did describe M-Files’ ex-
isting test automation systems. Those documents were helpful during the creation of the

Hubshare test automation architecture.

4.2.3 Grey literature reviews

Even though existing M-Files test automation systems and documentation provided an ex-
cellent basis for a new test automation system, those systems were initially designed several
years ago. In the meantime, test automation processes and technologies have been advancing.

To take advantage of the newest technologies relying on already done work was insufficient.

White paper literature does provide knowledge about the test automation processes and ways
of selecting the perfect test automation tool for the purpose. However, the white paper lit-
erature does not provide direct information about the current state-of-the-art test automation
tools. Instead, this information is readily available in the grey page literature. Because of
that, the grey page literature review was used to identify the current best test automation
tools available for a particular problem. Grey literature research has also been used by other

researchers for similar purposes [76], [96].

4.3 Code reviews

During information gathering, two types of code reviews were made. The first code review
concentrated on the M-Files’ existing test automation, while the latter code review concen-
trated on Hubshare’s code base. More information about the code reviews is available in the

following sections.

4.3.1 M-Files test automation code reviews

While M-Files’ existing process and test automation documents already provided plenty of
information about the state of the M-Files test automation, every tiny detail was not still
included in the documentation. To fully understand test automation, it was necessary to read
and play with the code available in the existing test automation systems. Even though with
an extensive review, it would have been possible to extract a significant amount of technical
information from the code base, the code review was done only on a superficial level due
to the higher level scope of this thesis. So the code review mainly concentrated only on the

architectural aspects of the system.

4.3.2 Hubshare code base reviews

In addition to understanding a realistic test automation system, it was necessary to understand

how Hubshare’s product worked internally. Without knowledge of Hubshare’s code base, it
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would have been hard to design a sound test automation system. Additionally, designing
especially lower-level test automation systems like unit testing would have been impossible.
A proper lower-level understanding was necessary because unit test automation is close to the
implementation details and can only be adequately constructed by understanding the code.
So deep enough code review was carried out so that the application’s architecture could be

understood and some of the possible test automation problems could be predicted.

4.4 Interviews

Interviews were one of the primary information-gathering methods during this thesis. Over-
all, eleven interview sessions were kept during the creation of this thesis. In the following

sub-sections, interviews will be explained in detail.

4.4.1 Planning of the interviews

All interviews were planned based on the information needs identified during the other information-
gathering activities. Questions of the interviews were tailored to the specific professional
being interviewed so that the interviewee could provide a comprehensive answer to the ques-
tions. Because the interviews were primarily used for general information-gathering pur-
poses, there would not have been any advantage of having the same interview questions for

cveryone.

Interview questions were made fairly open-ended in a true semi-structured interview fashion.
As an example, one of the questions asked from the Hubshare developers was: "How do you
feel about test automation?”. Interviewees can answer broadly to these open-ended questions,
which is good because answers can lead to surprising results, based on which the discussion
can be directed in new and exciting directions. The selected interview questions can be found
in the Appendix A. The appendix includes all the vital review questions from the thesis point
of view while omitting specific technical questions from certain parties that are not important

for this work.

4.4.2 Selection of the interviewees

The selection of the interviewees was made based on the thesis research questions. Different
interviewees from various backgrounds were selected to cover the thesis subjects as broadly
as possible. The final interviewees were the best available experts from their fields.

4.4.3 Interview sessions

Interview sessions were between 30 and 90 minutes, depending on the information needed

from a particular professional. Interview sessions started with the introduction of the inter-
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viewer and the project. After the introduction, the interview began with a set of questions.
Questions were mainly asked in order, but in between the questions, some ad hoc follow-up
questions could be asked if the interviewer noticed some interesting new subjects while the
interviewee was answering the previous question. Finally, as described in the Appendix A,
it was also asked whether the interviewee had anything to add that could be helpful for the

project. Finally, the interviewee was thanked for her/his help, and the interview ended.

During the interview, notes from interesting answers were taken. Interviews were not recorded
nor transliterated. The recording was not used because that could have negatively affected
the interview by making the interviewee unnecessarily uncomfortable. Recording the inter-
views would have probably slightly increased the data input gathered from the interviews by
making sure that no details could have slipped by. However, it was not seen as especially
important during these interviews because the idea was to chart different fields of the subject,

not investigate precisely one interviewee’s opinions and thoughts.

4.4.4 Management key findings

According to Hubshare’s main QA, the lack of proper regression test automation is currently
the most critical testing-related aspect that should be improved. Based on Hubshare’s Prod-
uct Owner (PO), appropriate time must be reserved to realise new test automation cases in
the future. PO also emphasised the importance of different stakeholders when considering

automation of the test cases.

In addition to Hubshare-related personnel, M-Files’ agile coach gave many valuable management-
related suggestions. Based on the interview, during management design, it is essential to con-
sider who ”owns” test cases so that the test cases can be efficiently supported and improved in
the future. Also, according to him, unit tests should be part of the daily development process

and considered while implementing a user story.

The agile coach also emphasised appropriate test automation education. According to him,
it is often a cultural challenge that developers focus entirely on the developing, while QA’s
focus entirely on the testing. Coach stated that in the ideal world, it would be good if the
developer would implement test automation cases during the user story development with
QAs assisting or coaching the developer. M-Files system testing expert also shared this view.
Education should be arranged for both developers and testers to achieve the desired state.
However coach mentioned that, even with sufficient education, change takes time because
both the behaviour and mindset of the developers and QA engineers must be altered before
the adoption is fully complete. Because the change requires time, it is not feasible to start
with too grand changes, and great methods like Test Driven Development (TDD) introduced

in the subsection 2.2.4 are out of the question for the beginning.
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Additionally, the agile coach mentioned some methods to catch the test automation-related
technical loan. The first way is to organise focus sprints, but the organisation may be hard to
fit into the calendar. The second possibility is to improve test automation near regressions.

This approach requires a smaller initial time investment but is slower.

A system test automation expert mentioned that customer viewpoint should be considered
while developing new test automation cases, especially in scenarios important for customers.

Especially system-level test cases should be done from the customer’s viewpoint.

4.4.5 Technical key findings

Based on the interview with the M-Files unit testing expert, it is wise to have hand-crafted sep-
arate easy-to-use mocks for commonly used functionality. This way, developers can quickly
mock the functionality they want while developing new test cases. The unit testing expert
also said that it should be easy for the developers to track the application’s state during unit

testing to aid the assertion of the results.

The unit testing expert also gave tips on what to avoid while designing a new unit testing
framework. Unit tests should be independent, and the execution order should be indifferent.
Names of the test cases should clearly describe the thing that the test is trying to verify. The

test case setup should not be entangled with the test case and should instead be clearly visible.

During an interview with the integration testing expert, it was mentioned that automatic en-
vironment generation had been a helpful feature in the integration testing framework, which
makes it possible to run the same tests in different environments. Another helpful feature in
the integration testing framework is isolation between test cases, which prevents side effects.
According to a unit testing expert, it would also be good if the integration testing framework

had a more straightforward developer setup.

Based on the M-Files system testing expert’s review, it is good that frontend-based system
test automation cases are fast, so that regression bugs are found swiftly. However, based on
the expert, it is still a good idea to consider using frontend unit tests for some scenarios to

save on operational expenses of the test automation.

From the Continuous Integration (CI) point of view, M-Files CI specialists stated that stable
and reproducible CI is the most important thing. CI should also have sufficient logging so
that failures in the CI can quickly be investigated after test runs have been completed. CI
pipelines should be easily executable by the developers so that new user stories can be easily

tested using the CI pipeline.
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4.5 Survey

This section will explain how the ”’State of the M-Files test automation survey” was created
and executed and what the survey’s key results were. The first two subsections will concen-
trate on the planning and execution of the survey, while the latter three will present the survey

results.

4.5.1 Planning of the survey

Initially, the survey was strictly created from this thesis point of view and included only
some strictly technical questions. In the original version, only technical questions were in-
cluded because it was thought that enough information from management-related matters
was already collected using other methods. Also, it was thought that the target demographic,

developers, would be most eager to answer the technical questions.

However, sometime after the initial draft of the survey was made, it was realised that the
results of this survey could also be valuable for the other M-Files’ test automation efforts.
Because of that, a small task force consisting of test automation experts was formed. A task
force was selected as an approach because there was a need to collect ideas efficiently from a
small group of people. Using the task force rest of the survey questions were planned during
a workshop session in which the creation of the new questions was elicitated using silent and

loud brainstorming techniques.

The final form of the questions was constructed using survey planning best practices, in-
cluding minimal question length and balanced answering alternatives. Most of the multiple
choice questions used a six-grade Likert scale. The Likert scale is a way to measure human
attitude towards certain subjects using an ordered set of statements [97]. Six-point Likert
scale was chosen because it forced respondents to select an opinion instead of staying neutral
and provided enough options to express the opinion effortlessly. The best number of Likert
points has also been debated in the literature, but no definitive conclusion has been made so

far [98], [99]. The final survey did contain 35 questions overall.

4.5.2 Execution of the survey

The link to complete the survey was sent to the whole M-Files product development staff.
Initially, the link was sent via email and internal chat groups. These information channels
were selected because they are the primary communication channels used by the employees.
While the survey was open multiple reminders about the survey were sent so that a sufficient

amount of answers could be collected. Overall the survey was open for 11 days.
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Almost all of the survey questions were optional because not all respondents could answer
all of the questions. All questions were not answerable due to the highly varying roles of the
respondents. There were only three general questions that were obligatory. Exact information

about the mandatory and optional questions can be found in the Appendix B.

4.5.3 Survey key metrics

Overall the survey received 60 answers. As seen from the Figure 5, most respondents were
developers and had been working for M-Files for five years or more. The average response

time was 18 minutes.

How long have you been working for What is your current role?
M-Files 7
12 %
16 2 19
22 27 % 39, 32%
36 %
32
) 13 53 %
15 % 22 %
Less than a year m 1-2 years m QA engineer = Developer
m 3-4 years ® 5 years or more Product owner ® Manager

Figure 5: Survey key demographics

Survey’s answer rate was 26%. Due to a fairly low answer rate, this survey can provide only
indicative results from the actual situation. However, from the context of this research, a
low answer rate is not critical because this thesis aims to capture only significant directions

instead of specialising in the last-minute details.

As stated in the subsection 4.5.2, most survey questions were optional. Regardless of option-
ality, most of the multiple-choice questions were answered by all respondents, as seen from
the Figure 6. Only some open questions related to multiple choice questions at the end were
not that actively answered, which was expected given that answer to a related open question

was also required.

With the open questions, the answering situation was different. As seen from the Figure 7,
the first open question collected roughly 40 responses, while the last question was answered
only by ten respondents. Answer rates were not surprising because the survey was long,
and respondents’ concentration decreased towards the end of the survey. The decrease in

answer rate has also been identified in the literature previously [100]. The effect was also
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Figure 6: Per multiple choice question answer rate bar chart

visible in the responses themselves. Answers to the first questions were longer and contained
clauses even for the other questions, while later answers were shorter and provided only to-
the-point details. In addition, response rates are affected because later questions were more
challenging and more technical, making questions tricky or even impossible to answer for

some respondents.
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Figure 7: Per open question answer rate bar chart

4.5.4 Management key findings

Question 5 about the current test automation processes’ positive aspects was directly related
to the management. Unfortunately, something was wrong with the formulation of the ques-
tion, and respondents provided all kinds of answers to the question. Many wrong answers
were probably provided for the question because the question was first in the survey, and
its formulation was too open-ended. Fortunately, also, some proper responses were given.
Based on the answers, especially agile processes, normal execution of the test automation

cases was liked in the current process. In the follow-up Question 6 that asked about negative
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aspects, some respondents answered that the development teams should be more in charge of
the test automation improvements and that the new test automation case development could

be started earlier in the user story.

Answers related to Definition of Done (DoD) improvements (Question 8) were interesting.
While writing this thesis, M-Files did have quite simple DoD that plainly stated that the
test automation cases should have been implemented. Because of that, it was expected that
there would be only improvement suggestions. However, many respondents preferred current
simple DoD, which was unexpected. However, also improvement ideas were given. For
example, it was suggested that there could be DoD point for the test coverage and a point for

explaining why some test automation cases were not done.

4.5.5 Feelings & attitudes key findings

Test automation confidence-related questions did have fairly classical answers (Question 10).
Respondents stated that good coverage, reliability, test automation framework clarity and au-
tomation’s ability to catch errors not visible locally were important aspects providing con-
fidence to test automation. On the other hand, low coverage, flakiness of the test cases and

poor test case quality decreased confidence in test automation.

For the test automation value question, Question 12, respondents stated that especially reduc-
tion of the manual effort and testing of the hard-to-test cases provided value for them. On the
other hand, things like unreliable and case execution speed decreased test automation value

for them.

The reasons for attitudes towards test automation were charted in the Question 15. As increas-
ing factors, at least the following things were mentioned: reduced manual effort, enabling
Continuous Deployment (CD), reduction of regression bugs, and enabling velocity without
burn-out. As decreasing factors, the following aspects were mentioned: lack of training, the

complexity of mocking, hard-to-pinpoint failure location and reliability of the environment.

4.5.6 Education key findings

One of the more surprising results of the survey was visible in the Question 16 that asked
whether the respondent believed that she or he has sufficient knowledge to do test automa-
tion cases. Higher than expected number of respondents answered no to the question. The
percentage of no answers was surprising because test automation is generally heavily used at
M-Files, and the number of yes answers was expected to be very high. The results emphasise

the importance of explicit training related to testing automation.
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Based on the Question 20 results seen in the Figure 8 preferred way of learning more about the
test automation are training sessions. Also, workshops and better documentation related to
testing automation are good education alternatives. Test automation champions and tutoring

were less exciting learning possibilities for the respondents.
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Figure 8: Answer’s distribution for the question: Which way would you like to learn more
about the test automation?

4.5.7 Technical key findings

In the Question 21, it was asked how important certain aspects are in test automation. As
seen from the Figure 9, all asked aspects were crucial for the respondents. However, espe-
cially reliability of the automation and clear error messages were vital for the respondents,
which was also visible in the subsection 4.5.5. Ease of development, environment setup and

execution speed were slightly less critical aspects based on the responses.

Respondents especially liked the fast running time and good logging of unit tests, based on
the responses to unit testing-related questions (Question 22) and follow-up questions. Some
respondents described unit tests as easy to set up, run, write and debug. Unit tests were also
described to be reliable. However, some respondents also said that the tests were hard to
write and required initialisation code to write them was too complex. In addition complexity

of mocking, hard-to-understand test steps and clarity of the test results hindered unit testing.
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Ease of development ' 10 28

Ease of development environment setup ' 12 23
Clear error messages 0 6 25

Reliability i

Execution speed (8 I 11 21

0 10 20 30 40 50 60 70
Indifferent Not important m Not especially important
Somewhat important Important B Very important

Figure 9: Answer’s distribution for the question: How important following test automation
aspects are for you?

Responses to Question 25 and follow-up questions related to integration test automation men-
tioned that reliability of the local test runs and integration to cloud services was seen as an
advantage of existing integration testing. However, flakiness, slowness, long queue times,
hard-to-read logs and gaps in the documentation has been seen as a hindrance to the integra-

tion test automation development.

Generally, Ul test automation was liked based on the results for the Question 28. Especially
structure, reliability and speed of the test automation were liked. However, some respondents
still stated that test execution speed could still be improved and the flakiness of the test cases

reduced.

Respondents liked the triggering and labelling system as well as the high configurability of
the pipeline, based on the responses to Question 31 and follow-up questions related to CI.
However, most of the respondents stated that pipelines generally run too slowly. In addition,
it was mentioned that documentation related to pipeline parameters could still be improved,

and some would have also liked to see more parameters for enabling additional logging.
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S PLANNING OF THE TEST AUTOMATION SYSTEMS

This chapter will explain the forming of the requirements and the creation of different design
documents. The first section will concentrate on the identified requirements and tell how
they were formed. The second section describes how the management planning was done.

Finally, the technical planning process will be walked through in the third section.

5.1 Requirements

The final requirements list can be found in the Appendix C. Requirements in the Appendix C
are divided into four distinctive categories. Categories are general project, management,
technical and other requirements. This section’s latter subsections are also divided using
the same logic as the appendix. The next subsection 5.1.1 is still different and considers

requirement gathering and management processes instead of requirements.

5.1.1 Requirements gathering

At the beginning of the project, the main focus was purely on general information gathering
and during that period, requirements were not explicitly gathered. However, the require-
ments were still often encountered during general information gathering and were implicitly
collected. Unfortunately, no explicit recordings of the requirements were done at this point,

but all the essential data was still logged for later analysis and use.

Requirements gathering and information gathering was a highly iterative process during the
project. Initially, requirements were extensive because the Hubshare team’s knowledge about
the test automation was not especially high, and the team could not directly state what they
wanted from the test automation. To overcome the gaps in knowledge, multiple methods to
collect the information, like interviews and surveys, were used to reach the actual require-

ments of the test automation system.

In addition to a lack of test automation knowledge, certain aspects existed of which precise
requirements could not be constructed. For example, it was known that the old code base’s
coverage must be improved, but it needed to be discovered precisely how. Lack of knowledge

made it impossible to define more exact requirements without significant additional research.

Because of the mentioned problems, most of the requirements ended up being vague, which
is not an optimal state. According to literature, satisfactory software requirements should

be, among other things, unambiguous and testable to ensure that requirement produces value
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[101]. However, during this project, less clear requirements were a necessity because better
information was not available. Vagueness reduced the usability of the requirements, but they
were still valuable for the project. Requirements guided the research and general directions

of the project.

5.1.2 Requirements management

Even though requirements appear cleanly in the appendix, this was not always the case dur-
ing the project. Before the construction of the list found in the Appendix C, requirements
were not centrally collected anywhere. Instead, they were kept in an unstructured form in
the project’s documentation. Generally, an unclear requirement management process is not
recommended because it exposes the requirements for oblivion and reduces the clarity of the
project. However, at least requirements were somehow managed as seen necessary by the
literature [102].

Most of the requirements in the Appendix C contain four columns. The first column has
a unique ID of the requirement that can be used to identify the requirement uniquely. The
second column has a source, which is used to keep track of the information source, where
the requirement has initially been found based on the first occurrence of the requirement.
Keeping track of the source is helpful if the original context for the requirement must be
found. In the third column, the most important stakeholder is recorded. Finally, in the fourth

column, the requirement itself is specified.

5.1.3 General project requirements

General requirements available in the Appendix C worked as a guiding principle for the whole
test automation project. Because of the considerable impact, these requirements were quite
vague. These requirements defined even the subject of this thesis. There is an almost direct
mapping between these requirements and the three research questions. General requirements

were identified already during the first meeting described in the subsection 4.1.1.

5.1.4 Management requirements

Management requirements are requirements that are related to the management of the test
automation system. Compared to general project requirements, management requirements
contain more granular requirements related to management. For example, requirement re-
lated to daily test automation processes considers only DoD for the test automation instead

of requiring, for example, extensive management documents.

Most of the requirements were collected during the interviews. Interestingly no new man-

agement requirements could be found using the survey even though Question 5 was directly
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about the management. There were likely fewer responses to the management questions be-

cause most respondents had a technical background.

5.1.5 Technical requirements

During the information gathering, quite a few technical requirements were collected. As
seen from the Appendix C, there are two types of technical requirements, functional and
non-functional. Functional requirements define what software will do, while non-functional
requirements will define how it will do it [21]. Some of the functional requirements are pretty
specific, like, for example, the requirement about the automatic running of the Continuous
Integration (CI) pipeline. On the other hand, non-functional requirements, like requirements
about test automation speed, are pretty vague. For example, regarding test automation speed,
in the future, it could be defined more precisely, what is the acceptable execution speed for
test automation cases, so that the development of the test automation framework could be

guided more precisely.

While most functional requirements were common to all test automation levels, some require-
ments are specific to certain types of test automation. For example, there is a requirement
stating that there must be a way to set the database state easily. This requirement does not

affect unit testing because unit tests do not have access to the database.

5.1.6 Other requirements

Other requirements contain some requirements that are too small to be general project re-
quirements but do not fit either management or technical requirements. As seen from the
Appendix C, these requirements are mainly related to education, documentation and motiva-

tion.

5.2 Management planning

Management planning was done based on the gathered information in conjunction with Hub-
share and M-Files QA management. Proposals of the management plans were written by
the engineer that advanced the Hubshare test automation project. Based on the comments to
the plans, proposals were improved until they were seen as good enough for use. Subjects
for different documents were organically decided based on the collected information. The

following subsections have reasoning for different documents’ existence.

5.2.1 Thesis

This thesis aims to explain why different things went the way they happened and the root rea-

sons behind the different decisions. While other documents produced during the project only
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provide outcomes, this thesis also concentrates on the journey towards the final solution(s).

The thesis is the most comprehensive documentation of the processes behind the project.

5.2.2 Introduction plan

An introduction plan is a plan that defines the introduction order of different testing system
aspects. The plan presents how the test automation system will be programmed and how
the system will be introduced to the team. The plan was constructed based on the Hubshare
team’s wishes and approximations of the education need. An important factor during the
creation of the introduction plan was the estimation of the time it would take to create the

different levels of the system.

5.2.3 Project management plan

A project management plan was done based on the requirements. The idea during the creation
of the document was to include everything in the document that would be needed in the daily
operation of the test automation system. The document was crafted based on the information

gathered earlier during the project.

5.2.4 Other documents

In addition to the thesis, introduction plan and project management plan, no other official
documents were created. However, multiple unofficial documents were still crafted during
the project. The most notable additional document was the technical manual, created to guide
the usage of the test automation framework. Another notable collection of documents created
during the project is a collection of custom education materials. The materials were used to
increase Hubshare team members’ knowledge of the new test automation system. In addition,

documents related to the survey and interviews were crafted as additional documents.

5.3 Technical planning

Technical planning was done based on the identified technical requirements and the restric-
tions set by the technologies like programming languages used in the software. Initially, the
planning was mainly done by sketching higher levels of the architecture using Context, Con-
tainers, Components and Code (C4) architecture model. C4 is easy to learn "abstraction-first”
visual design language used for presenting software architectures [103]. C4 architecture was

used for creating the architecture because it was known beforehand by the architect.

After the initial sketching of the higher levels, the architecture was turned into the test au-
tomation framework code. Coding was started before finalising C4 model’s lower levels

because, during the creation of the initial architecture, there were too many technical open
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questions that had to be resolved before the final architecture could be defined. Open tech-
nical questions required practical experimentation with the code in order to be resolved, so
the early beginning of the programming was a necessity. For example, it was known that it
would be good to be able to roll back the database to its initial state quickly in the integra-
tion and system-level tests. However, it was not known if this would ever be feasible or if
it would be required, for example, to manually remove all new entries to the database after
executions of each test case. Further explanation for the selected working mode can be found

in the subsection 4.1.3.

5.3.1 Unit testing architecture

Initially, it was believed that creating the unit testing frameworks would be easy. As men-
tioned in the subsection 2.3.1, unit tests are supposed to be simple. However, because test
automation was not considered during the creation of the original software architecture as
stated in the section 3.1, creating the unit test cases for the code was more challenging than
initially anticipated. During planning, two technical problems were discovered that hindered
the introduction of the unit tests. The first technical problem was caused by the dependency
handling of the backend and frontend programs. Dependency handling is very convenient
during the development but complicates the unit testing framework’s development. The sec-
ond issue was higher than the anticipated coupling of the components on the code level, which

made mocking more complex.

Hubshare’s backend is written in C#, and backend unit testing tools had to be selected based
on the language. Main test automation tools for the primary framework, mocking and asser-
tions were mainly selected based on the tool’s popularity. Additionally, specific extra tools
for more complex cases were developed in-house. Interestingly, no open-source tools were
available for the C# language that would be powerful enough to stub or mock any built-in
methods. New tools for such purposes were built in-house to simplify the mocking of com-
plex cases and to avoid additional costs. Similarly, C# testing tools did not have excellent

support for handling private fields and methods, so new custom tools were also built for that

purpose.

Hubshare’s frontend is programmed using TypeScript and Angular. There are only two
JavaScript test frameworks that have clear official support for the Angular test automation,
Angular’s default framework Jasmine [104], and Jest [105]. Initially, Jest was selected due to
its unmatched popularity [106]. However, in the end, Jest could not be selected as a frame-
work for Hubshare’s frontend application. Because of the dependency handling, Jest was
extremely slow for this particular application due to TypeScript on-demand compilation la-
tency. In the end, Angular’s default Karma + Jasmine stack was selected as the main frame-

work instead due to the much faster running time.
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5.3.2 Integration testing architecture

As mentioned in the subsection 2.3.2, integration testing can be divided into component and
system-level integration testing. During the planning, it was identified that separate automa-
tion testing systems for both integration testing types were needed. Component-level inte-
gration testing focus was set to more complex unit testing-like scenarios, where also database
access would be needed. Database testing was crucial because the functionality of the back-
end leaned heavily on database access. On the more system level integration testing, API

testing was selected as the approach to End to End (E2E) verify the backend functionality.

Because the requirements for the integration testing frameworks were higher than for the unit
testing frameworks, the architecture was, from the start, designed to be significantly more
complex. While sketching the initial integration testing framework’s architectural pictures,
it was noticed that both integration testing, API testing and even system testing had similar
requirements for the testing framework. All the different automation systems required the
preparation of the database and some installation of the application. Due to the standard
requirements of different automation testing systems, the architecture was designed to share
large parts of the environment code among different test automation systems. Sharing code
lowered the amount of code required for the overall test automation system and decreased

the development time.

The greatest challenge with the integration testing architecture was database access. Access
to an actual database was always necessary in this test automation case because the applica-
tion required advanced database functionalities. In the ideal world, the test framework should
always be able to reset the database to its initial state before the next test case so that there
would not be a possibility that the test cases would accidentally interfere with each other.
However, technically, the ideal situation is hard to achieve because resetting the database
state is generally slow. Nevertheless, during the integration tests, it should be fast so that the
running of the integration tests would be manageable. Alternatively, database modifications
can be rolled back manually, but this strategy increases the risk of errors and the time required

to write new cases. So the alternative approach is not perfect either.

5.3.3 System testing architecture

As said in the subsection 5.3.2 also system automation testing framework was already con-
sidered during the creation of the integration testing framework. Early planning made de-
signing the system testing automation easier because there was no need to design application
and database preparation from the ground up. Instead, the planning of the system testing

architecture concentrated on the upper layer of the system testing. The only extra step that
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the system testing test automation required was support for preparing frontend applications

automatically.

Cypress was selected as a primary framework for the system testing. The selection was made
based on its popularity [106]. Additionally, the framework’s unique features contributed to
its selection. Unlike most of the frontend End to End (E2E) testing frameworks, Cypress does
not use Selenium as a backend technology, which removes all the Selenium-based drawbacks,
like the manual waiting of the component loading and overall slowness of the framework.
Cypress is also easier to introduce into production because it is a complete package, and
there is no need to select multiple test automation framework components manually. [107],
[108]

5.4 Other planning aspects

Under this section, some other planning aspects usually taken into account during the project

are explained. These aspects were not considered during this project due to various reasons.

As stated in the subsection 2.2.2 Return Of Investment (ROI) should be considered during
the creation of the test automation. During this project, the ROI was not considered because,
based on the M-Files’ prior experiences with the test automation, automation overall has
positive ROI, and due to that, ROI calculations for this project were not demanded by the
management. However, as mentioned in the subsection 2.1.3, exhaustive testing is impossible
due to infeasible resource requirements. Due to that, in the future, some ROI calculations

must be made so that the test automation efforts will be correctly focused.

Another common planning aspect that was not entirely planned was the project’s schedule.
During the planning, the Gantt chart for the project was outlined. However, the Gantt chart’s
time estimations were never fully completed. Time estimates were not completed because any
of the persons involved in the time estimation were not confident enough to estimate the time
that different project parts would take. The difficulty of coming up with exact requirements
mentioned in the subsection 5.1.1 can also be seen as one significant factor in why the clear

schedule could not be formed.
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6 PRODUCED TEST AUTOMATION SYSTEM

In this chapter, the final plans for the system are presented. The first section will present

management-related subjects, and the second will concentrate on more technical matters.

6.1 Management

This section presents the Hubshare test automation system’s management plans. First, the
overall test automation process will be presented. After the whole picture, the competencies
of different stakeholders will be discussed. In the third section, some test automation con-
ventions are described. Finally, the introduction of the new test automation system will be

presented.

6.1.1 Test automation process

As shown in the Figure 10, test automation cases follow the normal Scrum process shortly
described in the subsection 2.2.4. Initially, new test automation cases are developed by a
developer. After the developer thinks that the new test cases are good enough, the test cases
will be reviewed by another developer. New test automation cases will be declared ready if
the review is successful. After the sprint is over, a sprint review will be held, verifying that
the new test automation cases are sufficient. If so, cases will become officially part of the

test automation case repository.

From the code perspective, new test automation case production works slightly differently.
As can be seen from the Figure 11, new test automation cases are produced together with
the code. In the Figure 10, the production code follows the same path as the test automation
code, but in that specific figure, the production code is not specially mentioned. After the test
automation cases and the production code has been developed, new code will be committed to
the Merge Request (MR). Merge Request (MR) will be peer-reviewed by a fellow developer,
and if the reviewer approves the MR, new test automation cases will be merged into the
integration branch. So basically, the new test automation cases will be used immediately,
even though they are entirely accepted to be part of the test automation case collection only

after the sprint review has been kept.

In the Figure 11, it is also notable that developers develop mainly only new test cases. De-
velopment of the test automation framework marked with green in the Figure 11 is mainly
done by the separate test automation team as suggested by the literature and mentioned in the

subsection 2.2.5. Another notable fact in the diagram is that the new test automation cases’
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Figure 10: Process flow of the new test automation cases

development order and the code are not defined. As stated in the subsection 4.4.4, this is be-
cause TDD based development would be too much for the developers that are not so familiar

with the test automation.

Even though it is not emphasised in either of the figures, passing all of the prior test automa-
tion cases is a hard prerequisite before MR can be accepted. The passing of the test cases
is an essential rule from the test automation perspective. Without such a requirement, the
usefulness of the test automation would be questionable because the results would not be
used. In addition, the quality of the test automation would slowly start degrading because the
test cases would not be actively checked and repaired as happened with the prior attempts
mentioned in the section 3.1. 100% passing of the test cases has also been seen as a necessity
in the literature because if the test cases were left failing, it would soon become unclear who

should repair the failing cases [26].
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6.1.2 Test automation responsibilities

Test automation responsibilities are divided between management, developers, team’s QA en-
gineer and test automation teams. Based on the subsection 2.2.5 details, management should
ensure sufficient resources and support for the test automation efforts. Management should
also enforce defined test automation processes because otherwise, there is a possibility that,

for example, developers will begin slacking off with the test automation activities.

Developers’ have many practical responsibilities related to test automation. The developer’s
primary responsibility is to write new test automation cases. In addition, developers review
other developers’ MRs and, for example, fix test automation cases if the test cases become
broken during an User Story (US) development. Developers are primary creators of the test
automation cases because they have the best knowledge of the US and sufficient technical
knowledge to implement new test automation cases appropriately. This approach is also
recommended in the literature as was mentioned in the subsection 2.2.5. Additionally, de-
velopers own the automation cases they created and are responsible for fixing the potential
problems with the test cases. The importance of ownership was mentioned in the subsec-
tion 4.4.4.

48



The team’s QA engineer’s responsibility is to assist developers in writing better test automa-
tion cases. For example, QA can advise what developers could test and which way the testing
could be done. Additionally, QA can help with the reviews of the MRs by providing feed-
back about the quality and coverage of the implemented test cases. As mentioned in the
subsection 2.1.2, QA’s second opinion is valuable because of the different mindset compared

to developers.

The test automation team is responsible for improving the framework part of the test automa-
tion system. Improving is done by adding new features to the framework based on the devel-
opers’ wishes and requests. The test automation team is also responsible for the environments
and essential monitoring of the test automation system. If there are any environment-related
issues, the test automation team should fix those problems. This approach was also chosen

based on the literature recommendations mentioned in the subsection 2.2.5.

6.1.3 Test automation conventions

Under this subsection, various test automation conventions are explained. These conventions
are only minor details, but they significantly impact the project’s success when combined.
Without these details, produced test automation system could have enormous problems in the

future.

One of the defined conventions is the 80% line coverage target. Target states that the 80%
coverage would be desirable on all test levels for the newly produced user stories. How-
ever, the target is not absolute and is instead only indicative because it is understood that
the target can be too hard to reach feasibly in some scenarios. For example, testing all error
scenarios using the system-level testing framework would not be wise. Some coverage tar-
get was still selected to guide the test automation cases’ development and utilise collected
coverage metrics that were part of the test automation framework’s requirements available in
the Appendix C.

During planning, it was discovered that line coverage might not be the most suitable metric for
all testing levels. For example, it would have been nice to measure the coverage of different
functionalities at the system testing level instead of calculating the line coverage. However,
alternative calculation methods were technically challenging, and the line coverage method

was still used on all testing levels.

Method name-should-when naming scheme was selected as a naming convention for the test
automation cases. The scheme defines that the test case name should start with the method
name, continue with the clause that describes what the test does and end with the clause that
lists the conditions for the test case. The naming convention was defined because, in the

literature, it is stated that any naming convention can be selected as long as some are decided
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so that test case names will be consistent [109]. Method name-should-when convention was
explicitly selected because it seemed to work best for the test case names that were sketched
before the final naming convention was selected. Overall good test case names are essential
because in the future, when there will be thousands of test cases, it can be hard to understand
quickly what the test case is about if the name is unclear or even find the method from the

source code based on the CI log.

One special convention was also defined for the assertions. During interviews, it was men-
tioned multiple times that easy-to-understand assertions are essential for good test automation
cases. It was decided that all assertions must include custom failure messages to ensure that
all assertions would be as easy to understand as possible. Custom failure messages should
speed up the future diagnosis of failing test cases when developers can immediately see what

went wrong with the specific test case.

6.1.4 Test automation introduction plan

The introduction plan has the following phases:

1. Initial education and unit test frameworks are taken into use.
1.1. Overhaul of the backend unit testing framework.
1.2. Implementation of the frontend unit testing framework.
1.3. Education sessions about general test automation and the new frameworks.
1.4. Taking unit test automation into use.
2. Initial introduction of API and component integration testing frameworks.
2.1. Overhaul of the API testing framework.
2.2. Overhaul of the integration testing framework.
2.3. Integration testing-related education sessions.
2.4. Integration testing frameworks are taken into use.
3. System testing framework.
3.1. Implementation of the system testing framework.
3.2. System testing-related education sessions.
3.3. System testing framework is taken into use.
4. Implementation of the complex cases.

During the first phase, as seen from the introduction plan outline, initial education sessions are
kept, and the unit testing framework is constructed and taken into daily use. Initial education
sessions introduce and justify the existence of test automation for developers and provide
sufficient technical knowledge about the produced test automation frameworks. During the

construction of the unit testing frameworks, separate unit testing frameworks for the backend
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and frontend are implemented. Finally, the test automation practises and system is taken into

daily production after the education sessions are finished and the framework is ready for use.

The integration and system testing levels’ plans are similar to the unit testing plans. The
most significant difference compared to unit testing is that during these phases, there will
not be any additional general education sessions. Instead, the education will strictly focus on

technical aspects.

During the final phase, more complex test automation scenarios will be tested. More chal-
lenging scenarios consist of test cases that require connections to external systems, such as
a search engine. More complicated scenarios also include cases that require the presence of
the M-Files server installation.

There were various reasons why this particular introduction plan was selected. Interestingly
from the management point of view, the order was unimportant because the management’s
goal was to only have as good test automation frameworks as possible regardless of the im-
plementation order. Because of that, the implementation order could be in theory selected
freely.

Unit testing frameworks were decided to be implemented first because the developers writing
the test automation cases in the beginning did not have excellent knowledge about the writing
of the test automation cases. It was believed that the unit tests close to the code would be
easiest for the developers from an educational point of view. Additionally, it was estimated
that implementing the unit testing frameworks would be the most straightforward and take
the shortest time. Because of this, by implementing the unit testing frameworks first, it would

be possible to start the test automation activities as soon as possible.

After completing the unit testing frameworks, an overhaul of the API testing framework was
started. Implementation of the API testing framework was scheduled to be next because the
API testing framework was already partially implemented before. Because of that, the im-
plementation of the framework was easier to finalise. An additional advantage of beginning
with the API testing framework is that the API, component integration and system-level test
frameworks require similar initialisation code as mentioned in the subsection 5.3.2. The ini-
tialisation code was easiest to be implemented based on the existing implementation. After
the API testing framework is ready, it should be easy to construct a component-level integra-
tion testing framework based on the standard initialisation code as well as the system testing

framework.

After the unit and integration level testing frameworks are ready, implementing the system-
level test automation framework should be straightforward based on the accumulated knowl-

edge gathered during the previous phases. Because of that, the system-level testing frame-

51



work was scheduled to be the last of the bunch. Finally, more challenging test automation
cases would be implemented on top of the existing test frameworks. More demanding test au-
tomation cases were decided to be implemented last because implementing those test cases is
forecasted to take a considerable amount of time. If the functionality had been implemented
earlier, the test automation introduction would have slowed down. The downside of this ap-
proach is that the automation test cases that require complex functionalities are not available

during the original introduction of the test automation.

6.1.5 Test automation improvement plan

Because test automation is introduced late in the product development’s life cycle, a signif-
icant amount of old code exists, which should be covered with test automation cases. The
straightforward approach to increase test coverage would be to create several tasks during
which test automation would be improved. However, this may not be a great approach be-
cause adding these tasks to the otherwise busy schedule could be hard to justify. In addition,
developers would likely soon get bored if they were forced to implement test automation
cases for an extended period of time. Additionally, it would require extra effort to prioritise

these tasks so that the most critical areas of the code would be covered first.

Something else needed to be invented to avoid the problems mentioned above. After plan-
ning, it was defined that improvements to the test automation coverage should be made during
the bug fixes. During the bug fixing, a new test automation case should be added to verify
that the bug cannot happen again. Additionally, new test automation cases should be added
to the immediate vicinity of the bug and slightly further away to ensure no further bugs are
present nearby. The problems with scheduling, prioritisation and developers’ interest can
be effectively and automatically avoided with bug-oriented test automation improvements

approach.

6.2 Technical

This section describes key technical details of the test automation systems. Higher-level
architectural pictures of the system are included in this section, but exact details that are
insignificant to the overall architecture are omitted. The section includes three subsections,

one corresponding to each testing level.

Hubshare application’s immediate surroundings can be seen in the C4 context diagram in the
Figure 12. As seen from the figure, Hubshare has many external dependencies coloured in
grey and one internal dependency coloured in blue in the form of an M-Files server. Multiple

dependencies increase the higher testing levels complexity because, logically, more systems
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require prior preparations. As mentioned earlier in the subsection 6.1.4, these external system

dependencies are considered complex and will be added to the test automation system last.

Microsoft SQL server Apache Solr
[SQL server] [Search engine]

M-Files server
[Stores document to be
used in Hubshare]

SSO Repository
[Authentication server]

Hubshare application
[Application]

Activity Directory Server PDF viewer
[Authentication server] [Document viewer server]

Microsoft Office Online SMTP server
[Document edit server] [Mail server]

Developers QA engineers Product owner Customers
[Person] [Person] [Person] [Person]

Figure 12: Hubshare context diagram

Relations of the different overall test automation system containers are presented in the
Figure 13. Directly addressable systems are coloured blue, while supporting systems are
coloured grey. As seen from the figure, different parts of the overall test automation system
support each other, and more complex test automation layers are built atop the simpler layers.
A couple of more generic support libraries were required to foster container interoperability.
The most notable support library is the “Integration testing common”, which contains all the
necessary functionalities for setting up the Hubshare application. Its functionalities are heav-
ily used by all the higher-level test automation systems. The higher level architecture reflects

the ideas presented in the subsection 5.3.2.

53



[Container: TypeScript,

. System testing Cypress, Cucumber]
I\ [Hubshare]

\
|
|
|

framework !
|
|
|
|
|
|

Backend controlling over HTTP

System testing
environment support
[Container: C#]

Component level

API testing framewok integration testing

[Container: C#]

[Container: C#]

Application setup & configuration

I

0 [ CLIEU L RES [« B Application setup & configuratio
| common (l
[Container: C#]

Integration testing
[Hubshare]

N e e e e e e e e e e e e e e e e — o — — — — ————

[
|
|
|
|
|
|
|
|
|
|
|
|
|
|
:
|
Application setup & configuration
|
|
|
|
|
|
|
|
|

e S

Backend unit testing

| \
| All the functionality is providedI
I framework framework [|] |
I . . :

| [Container: TypeScript, [Container: C#] i
! Angular] i
! I
' Unit testing i
I\ [Hubshare] |

Figure 13: Test automation system container relations

6.2.1 Unit test automation

An overview of the backend unit testing system’s architecture can be seen in the Figure 14.
The figure is divided into three different component types marked with distinctive colours.
External components are grey, internally developed testing components are green and inter-

nally developed software component is blue.

There are three main externally developed components, xUnit unit testing framework, Moq
mocking library and Fluent Assertions. xUnit was selected as the primary testing library
mainly due to its trustworthy roots and popularity. xUnit is written by original authors of
the popular unit testing library called NUnit [110]. Because the original authors had no-

ticed mistakes in the NUnit, they created a new framework that would correct prior mistakes
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[111]. Even the maintainer of the C#-language, Microsoft, seems to be endorsing the xUnit

framework by mentioning the framework first in their documentation [112].

Moq library AUERGERT i Ik Test runner
[Component: C#]

[Component: C#] [Component: C#]

Assertions library.

Is injected into Uses Uses Starts
[Moq] [Import library] [Importllibrary] [Process execution]

Component under Main test code
testing Uses [Component: C#,
[Component: C#] [Import library] xUnit]

xUnit test framework

[Component: C#]

w®
Request private data. Initializes tests

[Method calls] [Method calls]

Iniecti Requests method replacement Starts
TTTTTTTTTTTTTTTI T Hajectionf= - —====-=- [Method calls] ~ " Process execution] ~

Access private data.
[Reflection] Replaces meth

Common test fixture| |
[Component: C#, !
xUnit] ;

mocker
[Component: C#,
Harmony]

access tools

i Common elevated
i [Component: C#]

|
| C# Unit testing framework

i [Container]

___________________________________________________________________________________

Figure 14: Backend unit testing component diagram

Mog-library was also mainly selected because it is currently the most popular mocking library
for the C#-language [113]. Also, during the technical evaluation, it was discovered that most
common C# mocking libraries use Castle DynamicProxy under the hood. Because of that,
in the end, they have similar features and limitations. Due to the same backend technology,

selecting any mocking library over another has no significant pros or cons.

The fluent Assertions assertion library was also selected mainly due to its popularity. Addi-
tionally, Fluent Assertions supported custom error messages, which was mandated by the re-
quirement stated in the subsection 6.1.3. Support for custom error messages was non-existent
in the xUnit’s build-in assertions library, and because of that build-in assertions library could

not be used.

In addition to externally developed libraries, two small testing libraries were internally de-
veloped to aid the mocking process. Even though the Moq is a powerful mocking library, it
cannot deal with the most complex mocking scenarios and is, for example, unable to interfere
with the private class members. In this particular case, some more advanced mocking was

required.
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The first of the two libraries, ”Elevated access tools”, provides a convenient wrapper for the
C# reflection in the form of an extension method and enables easy access to private class
members. Via the library, developers can easily access, modify or call any private member
of the class. The tool was developed because, in some cases, access to private members was

seen as advantageous, and no appropriate existing free tools were available.

The second tool, ”"Method mocker”, was developed to address mocking scenarios Moq library
could not address. Method mocker can address even the most complex scenarios because it
uses dynamic compilation and runtime method replacing, unlike the Moq library that relies on
object proxying. Even though the method mocker is more potent than Mogq, its disadvantage
is that it is slower than Moq due to its dynamic compilation requirements. Because of that,

it is only an excellent extension to Moq instead of a replacement for it.

The situation with the frontend unit testing was different compared to the backend unit test-
ing. As seen from the Figure 15, unlike the backend unit testing architecture, the frontend
unit testing architecture does not have many components. There are three primary reasons
for this. Because the frontend is written in TypeScript language that compiles into inter-
preted JavaScript, runtime modification is inherently simple, and additionally, mocking is
easy. Secondly, mocking is less often needed in the frontend code because there are, for
example, no calls to a database that would always require mocking. Finally, the Angular
frontend framework already has an extensive built-in unit testing framework, so there was
no need for extensive additional tooling [104]. Due to mentioned reasons, the simpler ar-
chitecture seen in the Figure 15 was selected, consisting mainly of grey external components
with one internally developed test component coloured in green and component under testing
marked with blue.

Main test code Jasmine test
Uses [Component: JavaScript, Uses framework
[Library import] Jasmine] Lyl<euslbiel Yl [Component: JavaScript]

T
Uses Provides way to run tests

[Import library] [Import library]

Angular test framework Karma test runner

[Component: JavaScript] [Component: JavaScript]

Figure 15: Frontend unit testing component diagram

6.2.2 Integration test automation

As mentioned earlier in the subsection 5.3.2, integration test automation consists of two dif-
ferent integration test automation systems, component and API integration test automation.
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The core of the integration testing architecture is to provide a shared generic platform for
installing Hubshare’s application and setting up its database automatically. By achieving
these goals, a single core framework can support both integration testing frameworks and

system-level test automation.

Hubshare’s application setup works using a combination of automated file copying, reg-
istry and configuration population and, finally, starting up the server process. Setupping
the database is more involved. Because it is a valuable feature for the test cases to be able
to reset the database state easily to avoid problems with the state entanglement, the database
must be set up so that its state can be reset swiftly. Additionally, it would be good if the
initialisation of the database would be quick so that the parallelisation of the test runs would

be fast. These aspects were emphasised due to the requirements listed in the Appendix C.

The database initialisation was separated into two phases to fill the previously mentioned
requirements. Database tables, stored procedures and default values are created during the
first phase. Additionally, the database is populated with the test data. After that, the database
is backed up to the file, and the model database is deleted from the server. During the second

phase, the database is restored from the backup as often as needed.

The selected workflow has multiple useful properties. Unless there are changes to the test
data, first-phase results can be cached and reused in the subsequent runs, which saves time.
Additionally, database reset time should be the smallest possible because the full reset can
be achieved by simply restoring the backup from the previously created file, which is an

operation provided by the DataBase Management System (DBMS).

The API test flow can be seen in the Figure 16. The sequence diagram includes two testing
entities called “test” and test fixture”, database, as well as two entities for Hubshare’s back-
end ”, Web application” and ”Background worker” The sequence starts with the application
configuration preparations. After that, the database is initialised. Depending on the situation,
this initialisation may include both database initialisation phases or just the second phase if
the first phase has already been completed beforehand. Finally, both Hubshare processes are

started at the end of the initialisation.

During the testing phase, normal Arrange-Act-Assert (AAA) pattern is followed, and test-
specific preparations, execution and assertions are made. After the test is completed, the
database can be restored to its initial state. Revert is done if the test requires it. These steps are
repeated for all of the test cases. After all the test cases have been completed, the initialisation

process will be reverted, and the setup done during the initialisation phase will be rolled back.

Overall, the component integration testing setup is similar to the API integration testing. The

main difference is that instead of targeting the API endpoints, component integration tests will
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target the methods inside the application. Component integration tests can also access tools
available for backend unit tests, as was presented in the Figure 13 to test internal methods
more efficiently. Regardless of the differences, the core framework code will remain the

same for both testing frameworks.
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Figure 16: Backend API testing sequence diagram

6.2.3 System test automation

As quickly mentioned in the subsection 6.2.2, system test automation is also based on the in-
tegration test automation technologies. In the system testing component diagram, Figure 17,
this can be seen as “’Integration testing framework™. If looked closely, the integration testing

framework fully manages the whole lower part of the picture. The system testing framework
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is just an add-on to the other testing layers. Internally developed testing components are
coloured in light blue, the internally developed external system is coloured in the dark blue,

and externally developed components and containers are coloured in grey.

The definite system-level testing framework consists of two components: the Behavior Driven
Development (BDD) interpreter executor and the page model. Behavior Driven Development
(BDD) interpreter is a component that interprets the clauses written in the Gherkin’s syntax
into the logic that the test automation system can execute. This setup is beneficial because
the Gherkin’s syntax reminds its users of the natural English language and can be understood
by anyone if needed. After the interpretation, the interpreter calls appropriate page model
functions that map interpreter intents into an appropriate mouse and keyboard events. Ad-
ditionally page model keeps track of the application state so that the state can be asserted.
Page model is helpful because it abstracts the direct Ul manipulation logic away from the

interpreter simplifying its design.
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7 DISCUSSION

This chapter will critically analyse and discuss different aspects of the project. The project
as a whole will be discussed in the first two sections. After that, the overall impressions
of the project’s three research questions will be addressed. Finally, some remarks related to

academic matters are left in the last two sections.

7.1 Reflection

This section includes a reflection of the work based on logical reasoning. The first subsection
reflects the overall aspects of the project, while the later sections are divided based on the

research questions.

7.1.1 Overall impressions of the project

Overall the project went smoothly, despite multiple local obstacles along the way. The project
almost failed right at the beginning. As was mentioned in the subsection 4.1.1, the project’s
goals were first set among the QA team members. Setting initial goals without the Hubshare
team was an apparent mistake in hindsight because the original project goals were severely
detached from reality. Fortunately, the project’s goals were quickly redefined after meeting
with the Hubshare team, but the project could have failed miserably if the original plans had
been followed blindly.

Even though the planning process is presented in a nicely linear form in this thesis, the reality
during the project was quite different. Instead of doing things linearly, all tasks were done
in parallel. Parallel execution of the tasks was a hard requirement because the project began
during the holiday season. For example, in the beginning, the interviews nor the survey
could be arranged with reasonable participation rates due to vacations. It was necessary to do
background research, design architecture and even carry out implementation simultaneously

to fill the schedule appropriately from time to time.

Even though there were some spontaneous changes, in principle, the selected meta-planning,
planning and execution strategy worked well. During the pre-planning phase, it was discov-
ered and understood what the necessary components for the project were. In the planning
phase, the understanding was turned into more detailed plans. Finally, those plans were re-
fined when necessary during the execution phase and turned into tangible test automation
systems. From the grander perspective, these phases follow the waterfall model’s require-

ments, program design and coding phases [43] presented in the subsection 2.2.4. However,
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due to the parallelism mentioned in the previous paragraph, the practical execution of the

project still leaned heavily towards an agile way of working.

Selected research methods also worked well as part of the project. Background material
research provided a foundation for the project through literature, internal documents and code
reviews. Interviews provided in-depth details and hidden knowledge about the details of the
existing processes and the test automation systems. Finally, the survey provided broader
coverage to ensure that all aspects have been adequately considered. Using this extensive
data collection methodologies, it is unlikely that any vital aspect could have slipped past

unnoticed.

However, one planning aspect that could have been more successful during the project was
requirements management. During the project, the requirements were, in fact, successfully
collected using the methods mentioned in the previous paragraph, so the collection of the
requirements was not the problem. The problem was that the requirements were not made
available in a central place until the table in the Appendix C was constructed. Fortunately,
the lack of proper requirements management during the project did not cause any permanent
damage, but there were a couple of close calls. If some essential requirements had been
accidentally forgotten during the project, it would have led to catastrophic consequences by
severally impacting the production of the artefacts by causing significant changes late in the
production. That is also why requirements have been seen as a necessity in the literature
[102].

Deeper reasons why the project was successful can be divided into two reasons. The project
succeeded well because all aspects were rigorously extracted from various sources and based
on the best available knowledge. Additionally, the project was successful because its sta-
tus was well communicated, and all feedback was always considered while produced re-
sults were shared with outside peers when appropriate. Actually, due to results sharing, the
project outcomes did have a significant effect beyond its intended goal by affecting processes

company-wide, partly showing how well the project fared in the end.

7.1.2 Management impressions

Management plans were already so well refined during the first review round of several man-
agers that hardly any comments were left on the original document. After some minor fixes
management plan was swiftly approved. Based on the smoothness of the review round, it can

be estimated that management plans were quite solid.

Even though the management plans were solid from the perspectives considered during the
creation of the plans, there was still one usually critical aspect that was not addressed: an

analysis of the costs. Generally, it is recommended that the costs of the automation are anal-
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ysed during the management planning as mentioned in the subsection 2.2.2. Analysis of costs
was not required during this project as mentioned in the section 5.4, but it is still clearly an

improvement that could have been made to the plans.

Because this thesis concentrated on the higher management and technical aspect, education
and motivation-related matters were not adequately addressed in this thesis. However, dur-
ing the actual project, also those aspects were fully addressed. During the data gathering, it
became evident that education and motivational matters are crucial for the project’s overall
success. Even so crucial that without considering those aspects, the project would automati-
cally fail because even though the produced test automation system would be perfect, it would
only be helpful if someone knew how to use and develop the system and was motivated to
do so. The importance of education and motivation has also been identified in other projects

according to literature [8].

7.1.3 Introduction plan impressions

In the end, the introduction plans were relatively straightforward. All of the test automation
systems would be built one at a time, from the simplest to the most complex and introduced
with the education after the implementation is ready. Due to technical details, in practice,
there were only a few possibilities to organise the introduction of the test automation sys-
tems. Because more complex systems always required the knowledge and techniques from
the lower levels as presented in the section 6.2, it was not easily possible to start, for example,
with system testing automation. Some parts could have been swapped, like, for example, the
implementation order of the integration test frameworks, but in the grander scale of things,

that is insignificant because all of the test automation systems will be constructed in any case.

7.1.4 Technical architecture impressions

Especially frontend unit testing design is sound because it uses the built-in technologies of
Angular and should work well because other Angular developers have already tested the
framework. Backend unit testing design should also be good because it is based on popular
tested techniques. However, the custom part of the framework may have some unanticipated
issues in the future because the technology is new. These components were still necessary so
that all the goals of the test automation system could be reached, so they were a calculated

risk.

Integration frameworks use well-established technologies and safe methods for archiving
their goal. It is unlikely that routine operating system procedures or database backup-restore

mechanisms would cause any unexpected problems. Integration frameworks also achieve
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their goal nicely by using a common platform that consequently decreases the development

efforts of the system.

Because the system testing framework is based on the integration testing framework, it shares
the same positive traits. Additionally, the framework uses well-established technologies to
achieve its goals, so the system will likely work well. Selected Gherkin-based test language
should significantly increase the understandability of the system for the test case designer
and, in the future, enable new kinds of test automation development scenarios by making the

development more accessible.

In the literature, there are also other distinctive ways to do testing. For example, there is
visual model-based testing, and Al assisted testing techniques available, as was mentioned
in the chapter 1 and the subsection 2.3.3. Even though these testing techniques are intriguing
based on technical searching and, for example, the tool popularity graphs [106], neither of
these techniques seems to be widely used, at least for now. Instead, more traditional methods
are still dominating the practical implementations. Naturally, it would have been possible
to experiment with more exotic methods, but this was not a feasible alternative during this
study due to time constraints. It would have been risky to select more exotic methods as first
choices because they have yet to be widely used and may lack critical features. Due to the

mentioned factors, in the end, the more exotic methods were not researched during this study.

7.2 External feedback

This section will present how satisfied different parties were with the progress of the work
and its outcomes. Evaluations were collected using semi-structured interviews and a survey
as was described in the section 3.3. Interview questions can be found in the Appendix D.

Sub-sections of this section are divided based on the interview question categories.

The collected feedback corresponds only to the state achieved during this thesis’s construc-
tion. As described in the section 1.2, only a small part of the whole system (namely backend
unit test automation) was fully taken into use during this thesis. The feedback considers

mainly parts of the project that were fully completed before the completion of this thesis.

7.2.1 Satisfaction with the project

Overall, all interviewees mentioned the project’s importance and praised the advancements
done to test automation so far. The interviewees especially liked the self-direction of the
project’s leader and the project’s good and transparent management with opaque weekly
meetings. The project always had a direction and moved forward, despite challenges along

the way. Only minimal effort was required from the rest of the team, which decreased re-
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source usage. From the practical standpoint, interviewees especially liked the included train-

ing and constructed technical documentation.

Even though interviewees liked the self-direction and minimal effort from other team mem-
bers, they also identified the problems with the selected approach. With a tighter project
group, some of the knowledge about the technical specifics of the test automation system
was not appropriately shared with other team members. Because of that, all of the intervie-
wees agreed that the rest of the team should have provided more time for the project and
been assigned tasks related to building the test automation system. Interviewees also agreed
that getting started with the new test automation systems is more challenging without internal

knowledge.

7.2.2 Satisfaction with the management plans

Regarding the management plans, interviewees especially liked the definition of ownership
regarding test cases and clear concrete success indicators included in the plans. Additionally,
the automation coverage improvement plan was considered to be good. The management

plans were considered to be rigorous, regular and clear.

According to interviewees, the main problem with the test automation management plans was
that the defined plans were not introduced to the developers nor taken into use. Not taking the
management plans into use is problematic because, on paper alone, the plans cannot provide
any benefits. Slower management adoption was probably partly caused by the lack of whole-
team involvement. Fortunately, from a practical perspective, the project is still young, and
the management plans can be adopted in the future. The change takes time, and it is not so

easy to take new plans into use overnight as was mentioned in the subsection 4.4.4.

7.2.3 Satisfaction with the produced technological stack

Interviewees commented that the technical challenges were identified well before building
the test automation system so that the problems could be avoided during the implementa-
tion of the system. Additionally, reasonable compromises between usability and features
were found by identifying the requirements early. The backend unit testing framework was
described to be powerful and easy to use. Especially the mocking system was found to be
powerful and flexible. Documentation of the system was generally praised, but some con-

cerns were raised if the documentation is good and broad enough for future newcomers.

While the powerfulness of the backend unit testing framework was praised, according to in-
terviewees, it was also one of its primary weaknesses. Due to the framework’s powerfulness,
its internal construction became complex, hindering its understandability. Complexity was

not helped by the fact that some error codes produced by the framework are cryptic. Because
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of internal complexity, some interviewees also thought the system was complex to use. Also,
there were some concerns regarding the future performance of the system. Part of the com-
plexity impressions probably comes from the fact that the team was not sufficiently involved
with building the framework as mentioned in the subsection 7.2.1. The framework’s usage
was sufficiently taught to the team, but the knowledge about the internal construction was

not sufficiently provided.

7.3 Answers to the research questions based on the work

In the Question RQ1, it was asked, ”What management-related aspects must be considered
regarding the test automation systems?”. Based on the research done during this thesis, it
can be concluded that at least the following management-related matters must be considered

while planning test automation systems:

* Overall, how the test automation process is going to work? — As part of the normal
agile development process.

* What responsibilities each stakeholder has related to automation testing? Who cre-
ates the test cases? — Developers. Who takes responsibility for the test automation
framework development? — Separate test automation team.

* How much time and resources can be used for the test automation development?

* Which part of the code base should be automated?

* What are the common test automation conventions?
More management-related aspects in the form of requirements are available in the Appendix C.

Additionally, as was learned during this project and discussed in the subsection 7.2.1, the
whole team must be involved with the test automation fully from the beginning. The devel-
opment silo is still a silo, even if it is made of glass, as encountered in this project. Suffi-
cient management resources must be assured to avoid siloing effects inside the team. The
importance of sufficient management resources has also been identified in the literature sub-

section 2.2.5.

In the Question RQ2, it was asked: "How can test automation effectively be taken into daily
use?”. The success in this category seems to come down to developers’ motivation and sup-
port. If the developers’ do not have sufficient motivation and support, the test automation

efforts will fail. The following things must be in good shape to improve these factors:

* Proper planning.
* Management support.
* Test automation architecture and tooling.

* Education of the developers.
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Additionally, to improve the previously listed factors, there must be a clear plan for how
these aspects are adequately considered. During this project, the educational aspects were,
for example, addressed by including them directly in the introduction plan presented in the

subsection 6.1.4.

Question RQ3: ”"How to design a usable, performant and stable regression test automation
system in all three major testing levels (unit, integration and system)?” concentrated on the
more technical aspects of the test automation. From the architectural perspective, test au-
tomation systems generally follow good software production practices. In the beginning, the
requirements of the system must be charted. After that, test automation systems architecture
must be outlined, so it is clear how the system’s production can be started. Finally, the de-
velopment of the system can begin with constant adjustments of the development based on
the feedback in the Agile fashion.

Developer ergonomics must always be considered when designing a usable test automation
system. For example, it must be ensured that the test automation cases are easy to debug and
that the mocking of the methods is as easy as possible. On the other hand performance of the
test automation system can be primarily assured by the scalability of the test automation sys-
tem, for example, by supporting multiprocessing in the test automation framework. Finally,
the stability of the test automation system can be achieved by having sufficient isolation of
the test cases using either developer rules or technical measures. Interestingly even though
these aspects were raised multiple times during the survey as specified in the subsection 4.5.7,
the aspects were not raised that actively anymore during the review interviews presented in
the subsection 7.2.3. The lack of mentions during the interviews infers that developers take

these facts for granted, and when they work well, there is no need to mention these aspects.

7.4 Academic analysis

This thesis had the ambitious goal of including all the higher levels needed to introduce the
comprehensive industrial-level test automation system. From the practical and project view-
point, this worked great. However, from the academic point of view, the depth of this thesis
could have been higher during certain sections. The partial lack of depth is an unfortunate
side effect caused by the project’s immense scope. The situation could have been avoided
by reducing the project scope or increasing the number of pages of the thesis. Unfortunately,
the true greatness of the scope became fully understood too late in the project, and the num-
ber of pages could not be increased indefinitely. Hence, some details had to be omitted so

everything essential could be included between the covers.
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7.5 Work’s generalizability

Because this thesis concentrated only on a single project in a single company, it is hard to
predict exactly how well this research’s results are generalisable. Because every company
is different, it is unlikely that the process and conventions described in this thesis would
fit as is for other software companies. Additionally, especially technical architectures and
solutions presented in this thesis are unlikely to fit other software projects directly because
different software projects are technically notably different. The impossibility of absolute
generalizability has also been identified in the literature for these kinds of qualitative studies
[114].

Even though most of the parts presented in this thesis cannot be used directly in other software
projects, with a high probability, many of the ideas, ways of working, and technical choices
are still partly reusable in other similar projects. For example, another project could reuse the
introduction plan otherwise but could skip the system testing part because the system under
testing does not have any Ul. From the technical side, someone could, for example, use the
fast database reset but could skip the multiprocessing part because that would be too heavy

to run for the particular application.
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8 CONCLUSIONS

Even though the introduction of test automation is challenging for the existing project, it is
still possible. Extensive research must be done so that the specific application’s needs can
be adequately understood to achieve good results with the test automation introduction. Like
during this study, this activity may include tools like a literature review, interviews and a

survey.

In order to form firm management and technical plans, all the gathered information must be
evaluated and condensed into clear design documents that clearly state the intents of the new
test automation processes and systems. Education and motivation-related matters must be ad-
dressed while planning the test automation systems for an existing application. Additionally,
it must be ensured that sufficient resources are given for the project. Otherwise, the change
process will fail. Technical architecture should be somewhat designed beforehand, but the
exacts of the architecture can only be defined during and after the implementation phase.
Overall the senses must be kept open during a project to consider all the crucial aspects of
the design. All developers must be fully involved with the project from the beginning so that
when the new test automation systems are taken into use, they have sufficient knowledge

about the tools.

Because this thesis concentrated only on the higher levels of the test automation system,
there are still many aspects that could be researched better. For example, education and
motivational aspects could be addressed in follow-up research. The thesis could address how
test automation education can be organized most effectively and how developers could be
adequately motivated to do test automation activities. In addition, especially technical aspects
could be researched much more elaborately. Separate theses could even be done for all of
the test levels addressed in this thesis. Those follow-up research could go much more deeply
into the technical details of the systems and, for example, test more exotic test automation
variations. Also, research measuring this project’s success over an extended period would be

an excellent addition to academic knowledge.

68



REFERENCES

[1]

[2]

[3]

[4]

[3]

[6]

[7]

[8]

[9]

D. M. Simmonds, “Complexity and the engineering of bug-free software,” in Pro-
ceedings of the International Conference on Frontiers in Education: Computer Sci-
ence and Computer Engineering (FECS), The Steering Committee of The World
Congress in Computer Science, Computer ..., 2018, pp. 94—100.

G. M. Weinberg, Perfect Software: And Other Illusions about Testing. USA: Dorset
House Publishing Co., Inc., 2008, 1sBN: 0932633692.

J. Myers Glenford, T. Badgett, and C. Sandler, Art of Software Testing (3rd Edition).
John Wiley & Sons, 2012, pp. ix—8, 1SBN: 978-1-118-03196-4. [Online]. Available:
https://app.knovel.com/hotlink/khtml/id:kt011NEM57/art-software-
testing/psychology-testing.

Google. “Google scholar.” (2022), [Online]. Available: https://scholar.google.
com/ (visited on 08/02/2022).

V. Garousi and M. V. Mintyl4, “A systematic literature review of literature reviews in
software testing,” Information and Software Technology, vol. 80, pp. 195-216, 2016,
1sSN: 0950-5849. por: https://doi.org/10.1016/j.infsof .2016.09.002.
[Online]. Available: https://www . sciencedirect . com/science/article/
pii/S0950584916301446.

F. Ricca, A. Marchetto, and A. Stocco, “Ai-based test automation: A grey litera-
ture analysis,” in 2021 IEEE International Conference on Software Testing, Veri-
fication and Validation Workshops (ICSTW), 2021, pp. 263-270. por: 10 . 1109/
ICSTW52544.2021.00051.

V. Garousi and M. V. Mintyld, “When and what to automate in software testing? a
multi-vocal literature review,” Information and Software Technology, vol. 76, pp. 92—
117, 2016, 1ssN: 0950-5849. por: https://doi.org/10.1016/j.infsof .2016.
04 . 015. [Online]. Available: https : //www . sciencedirect . com/science/
article/pii/S0950584916300702.

D. Graham and M. Fewster, Experiences of test automation: case studies of software
test automation. Addison-Wesley Professional, 2012.

V. Garousi and E. Yildirim, “Introducing automated gui testing and observing its ben-
efits: An industrial case study in the context of law-practice management software,”
in 2018 IEEE International Conference on Software Testing, Verification and Vali-
dation Workshops (ICSTW), IEEE, 2018, pp. 138—145.

69


https://app.knovel.com/hotlink/khtml/id:kt011N5M57/art-software-testing/psychology-testing
https://app.knovel.com/hotlink/khtml/id:kt011N5M57/art-software-testing/psychology-testing
https://scholar.google.com/
https://scholar.google.com/
https://doi.org/https://doi.org/10.1016/j.infsof.2016.09.002
https://www.sciencedirect.com/science/article/pii/S0950584916301446
https://www.sciencedirect.com/science/article/pii/S0950584916301446
https://doi.org/10.1109/ICSTW52544.2021.00051
https://doi.org/10.1109/ICSTW52544.2021.00051
https://doi.org/https://doi.org/10.1016/j.infsof.2016.04.015
https://doi.org/https://doi.org/10.1016/j.infsof.2016.04.015
https://www.sciencedirect.com/science/article/pii/S0950584916300702
https://www.sciencedirect.com/science/article/pii/S0950584916300702

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

R. Ramler, G. Buchgeher, and C. Klammer, “Adapting automated test generation to
gui testing of industry applications,” Information and Software Technology, vol. 93,
pp. 248-263, 2018.

J. Lee, S. Kang, and C. Keum, “Architecture-based software testing,” International
Journal of Software Engineering and Knowledge Engineering, vol. 28,n0. 01, pp. 57—
77, 2018.

M-Files. “M-files hubshare.” (2022), [Online]. Available: https://www.m-files.

com/solutions/hubshare/ (visited on 08/03/2022).

Hubshare. “About hubshare.” (2020), [Online]. Available: https://web.archive.

org/web/20200924221717/https://hubshare.com/en/about-us/ (visited on
08/03/2022).

A. Akin, S. Sentiirk, and V. Garousi, “Transitioning from manual to automated soft-
ware regression testing: Experience from the banking domain,” in 2018 25th Asia-
Pacific Software Engineering Conference (APSEC), 2018, pp. 591-597. por: 10 .

1109/APSEC.2018.00074.

V. Garousi and M. Felderer, “Developing, verifying, and maintaining high-quality
automated test scripts,” IEEE Software, vol. 33, no. 3, pp. 68-75, 2016. por: 10 .

1109/MS.2016. 30.

B. Kitchenham, “Software metrics,” in Software Reliability Handbook. Elsevier, 1989.
A. Gillies, “Introduction to quality: What is it?” In Software quality: theory and man-
agement. Lulu. com, 2011, pp. 3—15.

“Quality management systems - requirements,” International Organization for Stan-
dardization, Geneva, CH, Standard, Nov. 2008.

R. Petrasch, “The definition of software quality: A practical approach,” in Proceed-
ings of the 10th International Symposium on Software Reliability Engineering, 1999,
pp. 33-34.

D. A. Garvin, Managing quality: The strategic and competitive edge. Simon and
Schuster, 1988.

“leee standard glossary of software engineering terminology,” IEEE Std 610.12-
1990, pp. 1-84, 1990. por: 10.1109/IEEESTD. 1990 .101064.

D. Galin, “What is software quality,” in Software quality assurance: from theory to
implementation. Pearson education, 2004, pp. 14-33.

J. Tian, “Quality assurance,” in Software quality engineering: testing, quality assur-
ance, and quantifiable improvement. John Wiley & Sons, 2005, pp. 27-39.

K. Olsen, T. Parveen, R. Black, et al., ISTOB Foundation Level Syllabus. Interna-
tional Software Testing Qualifications Board, 2018.

D. S. Oliveira, T. Lin, M. S. Rahman, et al., “API blindspots: Why experienced de-

velopers write vulnerable code,” in Fourteenth Symposium on Usable Privacy and

70


https://www.m-files.com/solutions/hubshare/
https://www.m-files.com/solutions/hubshare/
https://web.archive.org/web/20200924221717/https://hubshare.com/en/about-us/
https://web.archive.org/web/20200924221717/https://hubshare.com/en/about-us/
https://doi.org/10.1109/APSEC.2018.00074
https://doi.org/10.1109/APSEC.2018.00074
https://doi.org/10.1109/MS.2016.30
https://doi.org/10.1109/MS.2016.30
https://doi.org/10.1109/IEEESTD.1990.101064

[26]

[27]
[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Security (SOUPS 2018), Baltimore, MD: USENIX Association, Aug. 2018, pp. 315—
328, 1sBN: 978-1-939133-10-6. [Online]. Available: https://www.usenix . org/
conference/soups2018/presentation/oliveira.

K. Beck, Extreme programming explained: embrace change. addison-wesley profes-
sional, 2000.

P. Ammann and J. Offutt. Cambridge University Press, 2016.

R. Sharma, “Quantitative analysis of automation and manual testing,” International
Jjournal of engineering and innovative technology, vol. 4, no. 1, 2014.

K. Karhu, T. Repo, O. Taipale, and K. Smolander, “Empirical observations on soft-
ware testing automation,” in 2009 International Conference on Software Testing Ver-
ification and Validation, 2009, pp. 201-209. por: 10.1109/ICST.2009. 16.

R. Black, “3.6 the v model,” in Pragmatic Software Testing - Becoming an Effec-
tive and Efficient Test Professional. John Wiley & Sons, 2007, 1sBN: 978-0-470-
12790-2. [Online]. Available: https://app.knovel.com/hotlink/khtml/id:
kt011N4WI6/pragmatic-software-testing/the-v-model.

J. Dick, E. Hull, and K. Jackson, “Introduction,” in Requirements Engineering. Cham:
Springer International Publishing, 2017, pp. 1-32, 1sBN: 978-3-319-61073-3. por:
10.1007/978-3-319-61073-3 _1. [Online]. Available: https://doi . org/
10.1007/978-3-319-61073-3_1.

M. Polo, P. Reales, M. Piattini, and C. Ebert, “Test automation,” IEEE Software,
vol. 30, no. 1, pp. 84-89, 2013. por: 10.1109/MS.2013.15.

M. Fewster and D. Graham, Software test automation. Addison-Wesley Reading,
1999.

E. Dustin, J. Rashka, and J. Paul, “Chapter 4 automated testing introduction pro-
cess,” in Automated software testing: introduction, management, and performance.
Addison-Wesley Professional, 1999.

E. Dustin, T. Garrett, and B. Gauf, “Key 5: Implement ast processes,” in Implementing
automated software testing: How to save time and lower costs while raising quality.
Pearson Education, 2009.

D. Gaur and R. S. Chhillar, “How automated testing tools are showing its impact in
the field of software testing,” IJCSMS International Journal of Computer Science &
Management Studies, vol. 12, no. 03, 2012.

S. Gunasekaran and V. Bargavi, “Survey on automation testing tools for mobile ap-
plications,” International Journal of Advanced Engineering Research and Science,
vol. 2, no. 11, pp. 2349-6495, 2015.

S. Berner, R. Weber, and R. K. Keller, “Observations and lessons learned from au-
tomated testing,” in Proceedings of the 27th International Conference on Software
Engineering, ser. ICSE 05, St. Louis, MO, USA: Association for Computing Ma-

71


https://www.usenix.org/conference/soups2018/presentation/oliveira
https://www.usenix.org/conference/soups2018/presentation/oliveira
https://doi.org/10.1109/ICST.2009.16
https://app.knovel.com/hotlink/khtml/id:kt011N4WI6/pragmatic-software-testing/the-v-model
https://app.knovel.com/hotlink/khtml/id:kt011N4WI6/pragmatic-software-testing/the-v-model
https://doi.org/10.1007/978-3-319-61073-3_1
https://doi.org/10.1007/978-3-319-61073-3_1
https://doi.org/10.1007/978-3-319-61073-3_1
https://doi.org/10.1109/MS.2013.15

[39]

[40]

[41]
[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]
[50]

[51]

[52]

chinery, 2005, pp. 571-579, 1sBN: 1581139632. por: 10.1145/1062455 . 1062556.
[Online]. Available: https://doi.org/10.1145/1062455.1062556.

S. Sundaralingam and U. U. Samantha Rajapaksha, “Analysis on the risk and the
categorization on test automation in sri lankan software industry,” in 2021 IEEE
16th International Conference on Industrial and Information Systems (ICIIS), 2021,
pp. 312-317. por: 10.1109/ICIIS53135.2021.9660637.

J. Timoney, S. Brown, and D. Ye, “Experiences in software testing education: Some
observations from an international cooperation,” in 2008 The 9th International Con-
ference for Young Computer Scientists, 2008, pp. 2686-2691. por: 10.1109/ICYCS.
2008.209.

G. D. Everett and R. McLeod Jr, “Contents,” in Software Testing. 2007.

S. K. Singh and A. Singh, “Chapter contents,” in Software testing. Vandana Publica-
tions, 2012.

W. W. Royce, “Managing the development of large software systems: Concepts and
techniques,” in Proceedings of the 9th international conference on Software Engi-
neering, 1987, pp. 328-338.

K. Beck, M. Beedle, A. van Bennekum, et al. “Manifesto for agile software devel-
opment.” (2001), [Online]. Available: https://agilemanifesto.org/ (visited on
08/27/2022).

K. S. Rubin, Essential Scrum: A practical guide to the most popular Agile process.
Addison-Wesley, 2012.

S. Alliance, State of scrum,2018. [Online]. Available: https://www.scrumalliance.
org/ScrumRedesignDEVSite /media /ScrumAllianceMedia /Files % 20and’
20PDFs/State’200£f%20Scrum/2017-SoSR-Final-Version- (Pages) . pdf.

L. Rising and N. Janoff, “The scrum software development process for small teams,”
IEEE Software, vol. 17, no. 4, pp. 26-32, 2000. por: 10.1109/52.854065.

P. C. Jorgensen, Software testing: a craftsman’s approach. Auerbach Publications,
2013.

K. Beck, Test-driven development: by example. Addison-Wesley Professional, 2003.
D. Winkler, K. Meixner, and S. Biffl, “Towards flexible and automated testing in pro-
duction systems engineering projects,” in 2018 IEEE 23rd International Conference
on Emerging Technologies and Factory Automation (ETFA), vol. 1, 2018, pp. 169—
176. por: 10.1109/ETFA.2018.8502650.

A. Ieshin, M. Gerenko, and V. Dmitriev, “Test automation: Flexible way,” in 2009 5th
Central and Eastern European Software Engineering Conference in Russia (CEE-
SECR), 2009, pp. 249-252. por: 10.1109/CEE-SECR.2009.5501151.

M. Pol, R. Teunissen, and E. Van Veenendaal, Software testing: A guide to the TMap
approach. Pearson Education, 2002.

72


https://doi.org/10.1145/1062455.1062556
https://doi.org/10.1145/1062455.1062556
https://doi.org/10.1109/ICIIS53135.2021.9660637
https://doi.org/10.1109/ICYCS.2008.209
https://doi.org/10.1109/ICYCS.2008.209
https://agilemanifesto.org/
https://www.scrumalliance.org/ScrumRedesignDEVSite/media/ScrumAllianceMedia/Files%20and%20PDFs/State%20of%20Scrum/2017-SoSR-Final-Version-(Pages).pdf
https://www.scrumalliance.org/ScrumRedesignDEVSite/media/ScrumAllianceMedia/Files%20and%20PDFs/State%20of%20Scrum/2017-SoSR-Final-Version-(Pages).pdf
https://www.scrumalliance.org/ScrumRedesignDEVSite/media/ScrumAllianceMedia/Files%20and%20PDFs/State%20of%20Scrum/2017-SoSR-Final-Version-(Pages).pdf
https://doi.org/10.1109/52.854065
https://doi.org/10.1109/ETFA.2018.8502650
https://doi.org/10.1109/CEE-SECR.2009.5501151

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

S. Acharya, “Chapter 1. junit 4 - a total recall,” in Mastering unit testing using Mock-
ito and JUnit. Packt Publishing Ltd, 2014.

T. Simon, “Chapter 10: Patterns for testing,” in Mastering JavaScript Design Pat-
terns (Community Experience Distilled), Community Experience Distilled. Packt
Publishing, 2014, 1sBN: 9781783987986. [Online]. Available: https : //search.
ebscohost.com/login.aspx?direct=true&db=e000xww&AN=910269&site=
ehost-1live.

V. Khorikov, Unit Testing Principles, Practices, and Patterns. Simon and Schuster,
2020.

D. Huizinga and A. Kolawa, “Initial planning and infrastructure,” in Automated De-
fect Prevention: Best Practices in Software Management. 2007, pp. 53—83. por: 10.
1002/9780470165171.ch3.

R. Osherove, “Part 1. getting started,” in The Art of Unit Testing: with examples in
C#. Simon and Schuster, 2013.

B. Wake, 3a — arrange, act, assert, Apr. 2011. [Online]. Available: https://xp123.
com/articles/3a-arrange-act-assert/#mobile-header-left-nav.

P. Runeson, “A survey of unit testing practices,” IEEE Software, vol. 23, no. 4, pp. 22—
29, 2006. por: 10.1109/MS.2006.91.

A. Hunt and D. Thomas, “Appendix a gotchas,” in Pragmatic unit testing in Java
with JUnit. The Pragmatic Bookshelf, 2003.

H. K. Brar and P. J. Kaur, “Differentiating integration testing and unit testing,” in 2015
2nd International Conference on Computing for Sustainable Global Development
(INDIACom), 2015, pp. 796-798.

M. Rehman, F. Jabeen, A. Bertolino, and A. Polini, “Software component integration
testing: A survey,” Journal of Software Testing, Verification, and Reliability (STVR),
vol. 17, no. 2, pp. 95-133, 2006.

U. N. Yadav, A. Rai, and P. Verma, “Software testing,” International Journal of Com-
puter Science and Information Technologies, vol. 4, no. 2, 2013, 1ssN: 0975-9646.
R. Singh and I. A. Khan, “An approach for integration testing in online retail appli-
cations,” 2012. por: 10 . 48550/ ARXIV. 1207 . 2718. [Online]. Available: https :
//arxiv.org/abs/1207.2718.

H. Vu, T. Fertig, and P. Braun, “Automation of integration testing of restful hyper-
media systems: A model-driven approach.,” in WEBIST, 2018, pp. 404-411.

Isha, A. Sharma, and M. Revathi, “Automated api testing,” in 2018 3rd Interna-
tional Conference on Inventive Computation Technologies (ICICT), 2018, pp. 788—
791. por: 10.1109/ICICT43934.2018.9034254.

73


https://search.ebscohost.com/login.aspx?direct=true&db=e000xww&AN=910269&site=ehost-live
https://search.ebscohost.com/login.aspx?direct=true&db=e000xww&AN=910269&site=ehost-live
https://search.ebscohost.com/login.aspx?direct=true&db=e000xww&AN=910269&site=ehost-live
https://doi.org/10.1002/9780470165171.ch3
https://doi.org/10.1002/9780470165171.ch3
https://xp123.com/articles/3a-arrange-act-assert/#mobile-header-left-nav
https://xp123.com/articles/3a-arrange-act-assert/#mobile-header-left-nav
https://doi.org/10.1109/MS.2006.91
https://doi.org/10.48550/ARXIV.1207.2718
https://arxiv.org/abs/1207.2718
https://arxiv.org/abs/1207.2718
https://doi.org/10.1109/ICICT43934.2018.9034254

[67] S.L.Bangare, S. Borse, P. S. Bangare, and S. Nandedkar, “Automated api testing ap-
proach,” International Journal of Engineering Science and Technology, vol. 4, no. 2,
pp. 673-676, 2012.

[68] J. Micco, “The state of continuous integration testing @google,” 2017.

[69] J. Bell, O. Legunsen, M. Hilton, L. Eloussi, T. Yung, and D. Marinov, “Deflaker:
Automatically detecting flaky tests,” in 2018 IEEE/ACM 40th International Confer-
ence on Software Engineering (ICSE), 2018, pp. 433—444. por: 10.1145/3180155.
3180164.

[70] ISTQB, Ed., ISTOB Glossary, 2018.

[71] R. Binder, Testing object-oriented systems: models, patterns, and tools. Addison-
Wesley Professional, 2000.

[72] E. Borjesson and R. Feldt, “Automated system testing using visual gui testing tools:
A comparative study in industry,” in 2012 IEEE Fifth International Conference on
Software Testing, Verification and Validation, 2012, pp. 350-359. por: 10. 1109/
ICST.2012.115.

[73] 1. Banerjee, B. Nguyen, V. Garousi, and A. Memon, “Graphical user interface (gui)
testing: Systematic mapping and repository,” Information and Software Technology,
vol. 55, no. 10, pp. 1679-1694, 2013, 1ssN: 0950-5849. por: https://doi.org/10.
1016/j.infsof.2013.03.004. [Online]. Available: https://www.sciencedirect.
com/science/article/pii/S0950584913000669.

[74] R.Miller and C. T. Collins, “Acceptance testing,” Proc. XPUniverse, vol. 238, 2001.

[75] E. Alégroth, R. Feldt, and L. Ryrholm, “Visual gui testing in practice: Challenges,
problemsand limitations,” Empirical Software Engineering, vol. 20, no. 3, pp. 694—
744, Jun. 2015, 1ssN: 1573-7616. por: 10.1007/s10664-013-9293-5. [Online].
Available: https://doi.org/10.1007/s10664-013-9293-5.

[76] P. Raulamo-Jurvanen, M. Méntyld, and V. Garousi, “Choosing the right test automa-
tion tool: A grey literature review of practitioner sources,” ser. EASE17, Karlskrona,
Sweden: Association for Computing Machinery, 2017, pp. 21-30, 1sBN: 9781450348041.
DOI: 10.1145/3084226 . 3084252. [Online]. Available: https://doi.org/10.
1145/3084226.3084252.

[77] P.Pandit and S. Tahiliani, “Agileuat: A framework for user acceptance testing based
on user stories and acceptance criteria,” International Journal of Computer Applica-
tions, vol. 120, no. 10, 2015.

[78] 1. Otaduy and O. Diaz, “User acceptance testing for agile-developed web-based ap-
plications: Empowering customers through wikis and mind maps,” Journal of Sys-
tems and Software, vol. 133, pp. 212-229, 2017, 1ssN: 0164-1212. por: https://
doi.org/10.1016/j.jss.2017.01.002. [Online]. Available: https: //www.
sciencedirect.com/science/article/pii/S016412121730002X.

74


https://doi.org/10.1145/3180155.3180164
https://doi.org/10.1145/3180155.3180164
https://doi.org/10.1109/ICST.2012.115
https://doi.org/10.1109/ICST.2012.115
https://doi.org/https://doi.org/10.1016/j.infsof.2013.03.004
https://doi.org/https://doi.org/10.1016/j.infsof.2013.03.004
https://www.sciencedirect.com/science/article/pii/S0950584913000669
https://www.sciencedirect.com/science/article/pii/S0950584913000669
https://doi.org/10.1007/s10664-013-9293-5
https://doi.org/10.1007/s10664-013-9293-5
https://doi.org/10.1145/3084226.3084252
https://doi.org/10.1145/3084226.3084252
https://doi.org/10.1145/3084226.3084252
https://doi.org/https://doi.org/10.1016/j.jss.2017.01.002
https://doi.org/https://doi.org/10.1016/j.jss.2017.01.002
https://www.sciencedirect.com/science/article/pii/S016412121730002X
https://www.sciencedirect.com/science/article/pii/S016412121730002X

[79]
[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

M. Fowler and M. Foemmel, Continuous integration, 2006.

M. Meyer, “Continuous integration and its tools,” IEEE software, vol. 31, no. 3,
pp- 14-16, 2014.

Hubshare. “Tutustu m-filesiin.” (2022), [Online]. Available: https : / / www . m -
files.com/fi/tietoja/ (visited on 08/07/2022).

E. Mansikkamaiki, “Tamperelainen ohjelmistotalo m-files laajenee yrityskaupalla ran-
skaan — nyt ei1 yhtdén jarrutella”,” Aamulehti, Mar. 28, 2017. [Online]. Available:
https://www.aamulehti.fi/talous/art-2000007376826.html (visited on
08/07/2022).

Pddomasijoittajat. “M-files - ”padtimme kasvaa vield rohkeammin”.” (2018), [On-
line]. Available: https://web.archive . org/web/20180914203646 /https :
/ / paaomasijoittajat . fi/kasvutarinat/m-files - paatimme - kasvaa -
viela-rohkeammin/ (visited on 08/07/2022).

D. Dekelbaum, M-files acquires hubshare to strengthen external content sharing and
collaboration, deliver best-in-class digital client experiences, Apr. 6,2021. [Online].
Available: https://resources .m-files.com/blog/m-files-acquires-
hubshare-to-strengthen-external-content-sharing-and-collaboration-
deliver-best-in-class-digital-client-experiences-2.

E. Laukkanen, M. Paasivaara, J. Itkonen, and C. Lassenius, “Comparison of release
engineering practices in a large mature company and a startup,” Empirical Software
Engineering, vol. 23, no. 6, pp. 3535-3577, Dec. 2018, 1ssn: 1573-7616. por: 10 .
1007/s10664-018-9616~7. [Online]. Available: https://doi.org/10.1007/
s10664-018-9616-7.

A. K. Onoma, W.-T. Tsai, M. Poonawala, and H. Suganuma, “Regression testing in
an industrial environment,” Commun. ACM, vol. 41, no. 5, pp. 81-86, May 1998,
1ssN: 0001-0782. por: 10 . 1145/274946 . 274960. [Online]. Available: https: //
doi.org/10.1145/274946.274960.

J. R. Feagin, A. M. Orum, and G. Sjoberg, “Introduction,” in A case for the case
study. UNC Press Books, 1991.

B. Flyvbjerg, “Case study,” in The Sage handbook of qualitative research. Thousand
Oaks, 2011, vol. 4, pp. 301-316.

C. Cassell, “Creating the interviewer: Identity work in the management research pro-
cess,” Qualitative research, vol. 5, no. 2, pp. 167-179, 2005.

A. Alsaawi, “A critical review of qualitative interviews,” European Journal of Busi-
ness and Social Sciences, vol. 3, no. 4, 2014.

K. Raworth, C. Sweetman, S. Narayan, J. Rowlands, and A. Hopkins, Conducting

semi-structured Interviews. Oxfam, 2012.

75


https://www.m-files.com/fi/tietoja/
https://www.m-files.com/fi/tietoja/
https://www.aamulehti.fi/talous/art-2000007376826.html
https://web.archive.org/web/20180914203646/https://paaomasijoittajat.fi/kasvutarinat/m-files-paatimme-kasvaa-viela-rohkeammin/
https://web.archive.org/web/20180914203646/https://paaomasijoittajat.fi/kasvutarinat/m-files-paatimme-kasvaa-viela-rohkeammin/
https://web.archive.org/web/20180914203646/https://paaomasijoittajat.fi/kasvutarinat/m-files-paatimme-kasvaa-viela-rohkeammin/
https://resources.m-files.com/blog/m-files-acquires-hubshare-to-strengthen-external-content-sharing-and-collaboration-deliver-best-in-class-digital-client-experiences-2
https://resources.m-files.com/blog/m-files-acquires-hubshare-to-strengthen-external-content-sharing-and-collaboration-deliver-best-in-class-digital-client-experiences-2
https://resources.m-files.com/blog/m-files-acquires-hubshare-to-strengthen-external-content-sharing-and-collaboration-deliver-best-in-class-digital-client-experiences-2
https://doi.org/10.1007/s10664-018-9616-7
https://doi.org/10.1007/s10664-018-9616-7
https://doi.org/10.1007/s10664-018-9616-7
https://doi.org/10.1007/s10664-018-9616-7
https://doi.org/10.1145/274946.274960
https://doi.org/10.1145/274946.274960
https://doi.org/10.1145/274946.274960

[92] S.E.Beckand K. Manuel, Practical research methods for librarians and information
professionals. Neal-Schuman Publishers New York, 2008.

[93] L. F. Capretz, “Personality types in software engineering,” International Journal of
Human-Computer Studies, vol. 58, no. 2, pp. 207-214, 2003, 1ssn: 1071-5819. por:
https://doi.org/10.1016/S1071-5819(02) 00137 -4. [Online]. Available:
https://www.sciencedirect.com/science/article/pii/S1071581902001374.

[94] R. M. Groves, F. J. Fowler Jr, M. P. Couper, J. M. Lepkowski, E. Singer, and R.
Tourangeau, “Introduction,” in Survey methodology. John Wiley & Sons, 2011.

[95] R. Sapsford, “Introduction,” in Survey research. Sage, 2006.

[96] F. Ricca and A. Stocco, “Web test automation: Insights from the grey literature,” in
SOFSEM 2021: Theory and Practice of Computer Science, T. Bure§, R. Dondi, J.
Gamper, et al., Eds., Cham: Springer International Publishing, 2021, pp. 472485,
ISBN: 978-3-030-67731-2.

[97] A.Joshi, S. Kale, S. Chandel, and D. K. Pal, “Likert scale: Explored and explained,”
British journal of applied science & technology, vol. 7, no. 4, p. 396, 2015.

[98] M. L. Edwards and B. C. Smith, “The effects of the neutral response option on the
extremeness of participant responses,” Journal of Undergraduate Scholarship, vol. 6,
p- 30, 2014.

[99] R. Garland, “The mid-point on a rating scale: Is it desirable,” Marketing bulletin,
vol. 2, no. 1, pp. 6670, 1991.

[100] B. Burchell and C. Marsh, “The effect of questionnaire length on survey response,”
Quality and quantity, vol. 26, no. 3, pp. 233-244, 1992.

[101] D. Firesmith, “Specifying good requirements,” Journal of Object Technology, vol. 2,
no. 4, pp. 77-87, 2003.

[102] C. Hood, S. Wiedemann, S. Fichtinger, and U. Pautz, “Why requirements manage-
ment and engineering,” in Requirements management: The interface between require-
ments development and all other systems engineering processes. Springer Science &
Business Media, 2007.

[103] S. Brown. “The c4 model for visualising software architecture.” (2022), [Online].
Available: https://c4model. com/ (visited on 12/08/2022).

[104] G. Angular. “Developer guides, testing.” (2022), [Online]. Available: https : //
angular.io/guide/testing (visited on 10/12/2022).

[105] F. O. Source. “Testing web frameworks.” (2022), [Online]. Available: https://
jestjs.io/docs/testing-frameworks (visited on 10/12/2022).

[106] Devographics. “State of javascript, testing.” (2021), [Online]. Available: https://
jestjs.io/docs/testing-frameworks (visited on 10/12/2022).

[107] Cypress. “Cypress, features.” (2022), [Online]. Available: https://www.cypress.
io/features (visited on 10/13/2022).

76


https://doi.org/https://doi.org/10.1016/S1071-5819(02)00137-4
https://www.sciencedirect.com/science/article/pii/S1071581902001374
https://c4model.com/
https://angular.io/guide/testing
https://angular.io/guide/testing
https://jestjs.io/docs/testing-frameworks
https://jestjs.io/docs/testing-frameworks
https://jestjs.io/docs/testing-frameworks
https://jestjs.io/docs/testing-frameworks
https://www.cypress.io/features
https://www.cypress.io/features

[108]

[109]

[110]

[111]

[112]

[113]

[114]

Cypress. “Cypress, how it works.” (2022), [Online]. Available: https : / / www .
cypress.io/how-it-works/ (visited on 10/13/2022).

O. Stefanovskyi, Unit test naming conventions, Jan. 2019. [Online]. Available: https:
//medium.com/@stefanovskyi/unit-test-naming-conventions-dd9208eadbea.
. Foundation. “Xunit home.” (2022), [Online]. Available: https: //xunit . net/
(visited on 10/21/2022).

. Foundation. “Why did we build xunit 1.0.” (2007), [Online]. Available: https :
//xunit.net/ (visited on 10/21/2022).

Microsoft. “Testing in .net.” (2022), [Online]. Available: https://learn.microsoft.
com/en-us/dotnet/core/testing/ (visited on 10/21/2022).

M. authors. “Moq repository.” (2022), [Online]. Available: https://github.com/
moq/moq4 (visited on 10/21/2022).

M. N. Marshall, “Sampling for qualitative research,” Family Practice, vol. 13, no. 6,
pp. 522-526, Dec. 1996, 1ssN: 0263-2136. por: 10.1093/fampra/13.6.522. eprint:
https://academic.oup.com/fampra/article-pdf/13/6/522/6737096/13-
6-522.pdf. [Online]. Available: https://doi.org/10.1093/fampra/13.6.522.

77


https://www.cypress.io/how-it-works/
https://www.cypress.io/how-it-works/
https://medium.com/@stefanovskyi/unit-test-naming-conventions-dd9208eadbea
https://medium.com/@stefanovskyi/unit-test-naming-conventions-dd9208eadbea
https://xunit.net/
https://xunit.net/
https://xunit.net/
https://learn.microsoft.com/en-us/dotnet/core/testing/
https://learn.microsoft.com/en-us/dotnet/core/testing/
https://github.com/moq/moq4
https://github.com/moq/moq4
https://doi.org/10.1093/fampra/13.6.522
https://academic.oup.com/fampra/article-pdf/13/6/522/6737096/13-6-522.pdf
https://academic.oup.com/fampra/article-pdf/13/6/522/6737096/13-6-522.pdf
https://doi.org/10.1093/fampra/13.6.522

A APPENDIX: INTERVIEW QUESTIONS

This appendix will present most of the review questions with the interviewee’s role informa-
tion. Some of the questions from the original question set are redacted from this appendix.
Omitting is done because some interview questions are irrelevant to this thesis. For exam-
ple, some questions were related to small technical details of the Hubshare application and
were too low-level to be included. In addition to the questions mentioned below, at the end

interview, it was asked if there was still something that the interviewee would like to add.

A.1 Hubshare interviews

Hubshare product owner interview

* How do you see that test automation would help Hubshare?
* How do you do prioritisation of the new features?

* How test automation cases should be prioritised?

Hubshare QA interview

* What is the status of the Hubshare QA?

* What are currently the most common Hubshare regressions?

* How do you see test automation’s role in the Hubshare QA?

* From your point of view, what are the most crucial aspects from QA point of view that

should be improved in Hubshare?

Hubshare developer

* How do you feel about test automation?

* Could you tell me about Hubshare’s daily development?

* How are user stories currently developed in Hubshare?

* What do you think, which aspects should be taken into account while designing a new

test automation system for Hubshare?

A.2 M-Files test automation interviews

M-Files senior developer/unit testing expert

* Could you tell me about the M-Files unit tests?
* What is good with the current M-Files unit tests?



» What is bad with the current M-Files unit tests?
* What would you do differently if the unit testing framework were created now?

* How test automation is handled regarding test automation?

M-Files integration testing expert

* Could you tell me about M-Files integration testing?

* What is the current workflow regarding M-Files integration testing from different per-
spectives?

* What is good in the current integration tests?

* What is bad in the current integration tests?

+ If the integration tests architecture were created now, what would you do differently?

* Is the handling of the bugs visible in the integration tests?

M-Files system testing expert

* What is good in the current M-Files system tests?
* What is bad in the current M-Files system tests?
 If the M-Files system testing architecture were done, what would you do differently?

M-Files testing CI expert

* Could you tell me about the M-Files test automation deployment?

* What is the current workflow regarding test automation from different perspectives?
* What kind of code analysis is currently run in the pipeline?

* What is the schedule of current CI pipelines?

* What is good in the current pipeline?

What is bad in the current pipeline?

If the pipeline were created now, what would you do differently?

A.3 Special interviews

Agile coach interview

* How should test automation be included in the agile process?
» How to encourage developers to do test automation?

» How to tackle with a technical loan?

* What do you think about TDD?



B APPENDIX: SURVEY QUESTIONS

This appendix contains the ”State of the existing M-Files test automation” survey as it was
presented for the M-Files employees. While the survey was first and foremost done to support
this thesis, some additional questions were added to the survey to support other M-Files test
automation activities. Questions considered in this thesis are marked with a green check mark
("), while questions that are out of the scope of this thesis are marked with the red cross ( X
). Additionally, an asterisk ( * ) is used to mark obligatory questions. Even though, from this
thesis viewpoint, some questions could have been redacted, all questions were still included
for clarity.

Background

Little background information about you.
1 How long have you been working for M-Files? *

O Less than a year
O 1-2 years
O 3-4 years

O 5 years or more
2 What is your current role? *

O QA engineer
Developer
Product owner

Manager
Other

O
O
O
O

3 What is your current team? X
Note that this question is optional. If you want to retain better anonymity, leave this question

unanswered.

O (Exact team names redacted)
O ’ Other ‘




Test automation-related processes

This section includes questions about the processes that are related to test automation. This

section refers to management processes that guide current test automation activities.

4 Overall, how well are the test automation daily processes working for you? X
Is it effortless to do test automation-related tasks, or is there some extra burden caused by management-

related matters?

1 2 3 4 5 6
Very poorly O O O O O O Very well

5 What works well in the current test automation daily processes?

Enter your answer

6 What could be improved in the current test automation daily processes?

Enter your answer

7 Are you satisfied with the current DoD related to test automation? X

O Yes
O No

8 How current test automation DoD could be improved

Enter your answer

Test automation feelings & attitudes

These questions measure your current feelings and attitudes towards test automation and chart
the reasons behind the measures.



9 After making code changes, how much confidence test automation provides for you that

your changes will not break something else unexpectedly? X

1 2 3 4 5 6
Test automation doesn’t O O O O O O I'm assured that my
give me any confidence changes won’t break

anything

10 Please elaborate further, why the current test automation provides or doesn’t provide con-
fidence for you?

Enter your answer

11 Does the current test automation produce value for you? X

1 2 3 4 5 6
Test automation hinders O O O O O O  Test automation is ex-

my daily work tremely useful for me

12 Please elaborate further, why the current test automation provides or doesn’t provide value

for you?

Enter your answer

13 When automated test case fails while developing a user story, what do you commonly do?

I check the failure, fix the code if necessary and rerun.
I rerun the pipeline once again and then check the errors to see if they are still persisting.
I rerun the pipeline multiple times without checking the errors.

I contact the test automation team after the failure.
O ’ Other

14 When implementing a user story, do you consider creating new test automation cases? X

O Always
O Often

O Sometimes



O
O

Never
’ Other

15 Please elaborate further on why you have or don’t have a good attitude towards test au-

tomation?

Enter your anSwer

Knowledge and education-related questions

During the section, it is measured how much you know about the current test automation and

how you would like to increase your knowledge about it.

16 Do you think you have sufficient knowledge to do test automation cases?

O
O
O

Yes

No
’ Other

17 Overall, how would you describe your M-Files test automation knowledge? X

O

O O O O O

Never heard

Heard but never interacted with it

Executed pipelines, but I will be in trouble if anything breaks
I’m able to investigate failures

I have created my own test cases

I’m able to teach others
’ Other

18 How much do you know about the following subjects? X



Less than More than Quite

Nothing Something average average much Everything

M-Files integra- O O O O O O
tion testing

Quality assurance O O O O O O
in general

vNext Ul test au- O O O O O O
tomation

Usage of the O O O O O O
TeamCity

Testing in general O O O O O O
M-Files unit test- O O O O O O
ing

Test automation O O O O O O
processes

Usage of the O O O O O O
test  automation

pipelines

Test automation in O O O O O O
general

19 If some test automation-related aspects aren’t familiar to you, which aspects would you

like to know more about? X

[J Quality assurance

Testing in general

Test automation in general
Test automation processes
Usage of the TeamCity
M-Files unit testing

M-Files integration testing

O0O0O0O0gaod

vNext Ul test automation
0 ’ Other

20 Which way would you like to learn more about test automation?

[J Test automation champions for teams
[] Better documentation

U Training sessions



(] Test automation workshops

U Tutoring

n Other

Technical details

In this section, you can give feedback about the current technical details of the test automation

systems.

21 How important following test automation aspects are for you?

Indifferent

Execution O
speed

Reliability O
Clear error O
messages

Ease of de- O
velopment
environment

setup

Ease of de- O
velopment

22 What is good in the current M-Files unit test automation systems?

Not
Important

O

O

Not
especially Somewhat

important

O

O

important

O

O

Very
Important

O

O

important
O

O

Is the test automation easy to set up, fast, and pleasant to use... Please note that you may provide

comments regarding any unit test automation systems.

Enter your answer

23 What doesn’t work in the current M-Files unit test automation systems?

Is there something that just doesn’t click? Please note that you may provide comments regarding

any unit test automation systems.

Enter your answer

24 Please specify which unit test automation systems your above answers refer to.



25

26

27

28

29

30

[0 M-Files core C++

O M-Files core C#
0 Other

What is good in the current M-Files integration test automation systems? v
Is the test automation easy to set up, fast, and pleasant to use... Please note that you may provide

comments regarding any integration test automation systems.

Enter your answer

What doesn’t work in the current M-Files integration test automation systems? v/
Is there something that just doesn’t click? Please note that you may provide comments regarding

any integration test automation system.

Enter your answer

Please specify which integration test automation systems your above answers refer to. v/

[J M-Files core integration tests
7 | Other

What is good in the current M-Files Ul test automation systems?
Is the test automation easy to set up, fast, and pleasant to use... Please note that you may provide

comments regarding any UI test automation systems.

Enter your answer

What doesn’t work in the current M-Files Ul test automation systems?
Is there something that just doesn’t click? Please note that you may provide comments regarding

any UI test automation system.

Enter your answer

Please specify which UI test automation systems your above answers refer to. v/

J vNext test automation

[1 M-Files desktop test automation
O | Other




31 What is good in the current M-Files test automation pipelines?
Are pipelines easy to use, clear, fast... Please note that you may provide comments regarding any

M-Files pipelines.

Enter your answer

32 What doesn’t work in the current M-Files test automation pipelines?
Is there something that just doesn’t click? Please note that you may provide comments regarding

any M-Files pipelines.

Enter your answer

33 Please specify, which test automation pipelines your above answers refers to.

[J M-Files core pipelines
0 vNext pipelines

0 Other

Final thoughts

In this section, you can provide final thoughts about the test automation and give free-form
feedback.

34 Overall, how satistied are you with the current M-Files test automation? *X

W W W W W

35 Any other thoughts about the test automation?

Enter your answer




C APPENDIX: PROJECT’S REQUIREMENTS

This appendix contains a list of accepted requirements that were considered during the project.

General project requirements

The following table describes broader project requirements based on which project’s activi-

ties will be carried out.

ID Source Description
RE 1 | First meeting | Strategy for Hubshare’s test automation must be created.
RE 2 | First meeting | Technical stack must be defined for Hubshare’s test automation.
RE 3 | Meta planning | It must be decided which testing frameworks will be used.
RE 4 | Meta planning | It must be decided how test automation will be introduced.

Management requirements

ID Source Stakeholder | Description

RE 5 | First meeting Team It must be defined how test automation coverage
can be improved for already written code sec-
tions.

RE 6 | Meta planning | Management | It must be defined which metrics will be used to
measure success.

RE 7 | Meta planning | Management | DoD must be defined for the test automation.

RE 8 | Meta planning Team It must be defined clearly when writing of the
automation test cases can be ended.

RE9 Interviews Team Test case naming conventions must be clearly
defined.

RE 10 Interviews Team It must be defined what kind of testing will be
done on which testing level.

RE 11 Interviews Team Daily test automation related activities must be
defined.

RE 12 Interviews Team Ownership of the test automation cases must be

defined.

Continues on the next page.




Continued from the previous page.

ID Source Stakeholder | Description
RE 13 Interviews Team Practices for test automation result’s checking
must be established.
RE 14 Interviews PO Timing of the test automation activities must be
planned.
RE 15 Interviews Management | Ifthe intermittent bug ends up in the stable, there

must be a process that defines how the bug will
be fixed.

Technical requirements

ID Source Description (As a [stakeholder] I want to, so that)

RE 16 | First meeting | As a developer, I want to be able to mock components easily so
that I can easily test parts in isolation.

RE 17 | First meeting | Asadeveloper, I want to be able to setup database content easily
so that I can concentrate on other aspect of the test writing.

RE 18 | First meeting | As a developer, [ want to write tests for Angular-based frontend
so the test framework must be compatible with angular.

RE 19 | First meeting | Asadeveloper, I want to be able to test API interfaces using test
automation so I can easily E2E verify my backend changes.

RE 20 | First meeting | Test automation must be compatible with Windows-based de-
velopment environment.

RE 21 | Meta Planning | As a developer, | want that tests are automatically run in the CI
pipeline so that I don’t have to run all tests locally.

RE 22 Interviews As a customer, | want that the test code is fully separate from
the production code so that there will not be accidental test code
in the production code.

RE 23 Interviews As a test automation engineer, I want that test work indepen-
dently of each other so they can be parallelised well and will
not cause random failures so easily.

RE 24 Interviews As a developer, I want to have assertion helpers so that I can

easily check the execution results.

Continues on the next page.




Continued from the previous page.

ID Source Description (As a [stakeholder] I want to, so that)

RE 25 Interviews As a test automation engineer, [ want that every assert contains
a handwritten message so that it is easy to find assert, when an
automation test case fails.

RE 26 Interviews As a developer, I want that the logging of the test automation is
clear so I can easily understand what went wrong with the run.

RE 27 Interviews As a developer, I want that the logging of the test automation is
broad so that I can easily understand what went wrong if the test
case fails.

RE 28 Interviews As adeveloper, I want that different test automation frameworks
have similarities so that I can just learn one framework and apply
my knowledge to others.

RE 29 Interviews As a developer, I want that there is an easy way to trigger CI
pipeline runs and adjust run parameters.

RE 30 Interviews As amanager, [ want to be able to follow current test automation
coverage so that I can asses the current state of the test automa-
tion.

RE 31 Survey As a developer, | want that automation tests are easy to run so
that I can concentrate on writing new test cases.

RE 32 Survey As a developer, [ want that automation test environment is easy
to setup so I do not have to waste time setting it up.

RE 33 Survey As a developer, I want that the test automation framework works
reliably so I don’t need to repeat test cases needlessly.

RE 34 Survey As a developer, I want that the test automation framework is
clear so that I can extend its functionality easily.

RE 35 Survey As a developer, I want that the test automation cases are fast to
start so that I do not have to wait long for the results.

RE 36 Survey As a developer, I want that the test automation cases are easy to
debug so that I can easily understand the problem.

RE 37 Survey As a developer, I want that the test automation cases can be run

in parallel so that I can get the test results fast.




Other requirements

ID Source Stakeholder | Description
RE 38 | First meeting | Developers | Developers must be educated to use the new test
automation systems.
RE 39 | Meta planning Team There must be documentation available for the
test automation systems.
RE 40 | Meta planning | Developers | It must be investigated how developers can be

motivated to write new test automation cases.




D APPENDIX: REVIEW, INTERVIEW QUESTIONS

In this appendix, questions used during the review interviews are shortly listed.

Project related questions

» How satisfied are you overall with the handling of the test automation project so far?
» What has been going especially well?
» What aspects could have been improved?

Management related questions

* How satisfied are you with the management plans?
* What aspects did you like most in the plans?
» What aspects could have been improved?

Technology related questions

* How satisfied are you currently with the produced technical system?
* What aspects did you like most in the technical system?

* What could have been improved from the technical perspective?
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