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The goal of this thesis is to make a case study of test automation’s profitability in the
development of embedded software in a real industrial setting. The cost-benefit
analysis is done by considering the costs and benefits test automation causes to
software development, before the software is released to customers. The potential
benefits of test automation regarding software quality after customer release were not
estimated.

Test automation is a significant investment which often requires dedicated resources.
When done accordingly, the investment in test automation can produce major cost
savings by reducing the need for manual testing effort, especially if the software is
developed with an agile development framework. It can reduce the cost of avoidable
rework of software development, as test automation enables the detection of
construction time defects in the earliest possible moment. Test automation also has
many pitfalls such as test maintainability and testability of the software, and if those
areas are neglected, the investment in test automation may become worthless or it may
even produce negative results. The results of this thesis suggest that test automation is
very profitable at the company under study.
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Työn tavoitteena on tehdä case-tutkimus testiautomaation käytön kannattavuudesta
sulautettujen järjestelmien ohjelmistokehityksessä. Työssä tehdään kustannushyötyanalyysi, jonka näkökulma on pääasiassa ohjelmistokehityksen sisäisissä
näkökulmissa: millaisia kustannussäästöjä automaatiotestaaminen tuottaa ja mitkä ovat
sen mahdolliset positiiviset vaikutukset ohjelmistokehitystyön edistymiseen. Työssä ei
tarkastella testiautomaation mahdollisia positiivisia vaikutuksia ohjelmistojen laatuun.

Testiautomaatio on merkittävä investointi, joka usein vaatii sen kehitykseen
omistautuneita henkilöresursseja

ja huomiota koko ohjelmistokehitysprojektin

henkilökunnalta. Oikein toteutettuna testiautomaatiolla voidaan kuitenkin saavuttaa
merkittäviä kustannussäästöjä, mitkä liittyvät manuaalisen testaamisen korvaamiseen
automaatiolla,

etenkin

mikäli

ohjelmistokehityksessä

käytetään

ns.

ketteriä

menetelmiä. Testiautomaatio voi myös merkittävästi vähentää aikaa vikojen
korjaamisessa, koska testiautomaatio mahdollistaa niiden löytämisen mahdollisimman
aikaisessa vaiheessa ohjelmistokehitystä. Tämän case-tutkimuksen lopputulos on, että
testiautomaatio on edellä mainittujen hyötyjen ansiosta tarkasteltaavssa yrityksessä
erittäin kannattavaa.
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1 INTRODUCTION
1.1 Background
KONE Corporation is one of the world’s leading manufacturers of elevators,
escalators and building doors. It has made several important innovations during its
existence to for example elevator technology, like MonoSpace, an elevator
without machine room, in 1996 and UltraRope, carbon fiber rope for elevators, in
2013. Research and development (R&D) plays a very important role at KONE,
and the number of people working in R&D at KONE’s Hyvinkää office has
grown significantly during the last 10 years. KONE has also made its product
quality as one of its top priorities.

There is software in every machine KONE produces, and the increasingly
sophisticated needs of people put pressure on its development. Software
development is a major area of interest in R&D at KONE as there have emerged
new ways of using the machines they produce, new needs of customers and thus
also a need to invest in software. There is a need to constantly develop the
processes of the software development, to make sure that software development is
effective and to minimize the number of software defects both during the internal
development process and especially at the customer surface.

KONE has used automated software testing in its software development since the
early 2000s, starting with safety related software of elevators and broadening its
use consistently within the company’s software development. There are different
ways of making automated testing, and during this thesis there are three different
software development projects of KONE under study. An automated testing team,
which serves these three projects among other projects, was established in 2012.
There are differences of test automation use between these projects, as two of
them have started using its use right from the start of the project and one of them
has started its use in the midst of the project.
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Test automation’s profitability is a somewhat hot topic in software development,
and the Internet is filled with return on investment (ROI) calculators of test
automation. These calculations often handle testing as a set of tests, and the
profitability in these calculations is seen as time savings if the amount of time
used to make the automated tests and the execution of them becomes smaller than
the same thing done with manual testing. This point, however important it is,
covers only one element of test automation’s profitability. Especially in so called
agile software development methods testing should be a continuous process and
when done properly, automated testing plays in a big role in the whole
development process. Test automation often requires a significant amount of
continuous work in a large industrial setting of embedded software development,
which is why there are many enablers and disables of its use which simple
calculators don’t take into account. All tests cannot, however, be automated, and
the time savings are just a part of the benefits of test automation.

There are many studies done about test automation and its profitability, but even
they often cover only some aspects of it and there are few studies that address all
of the effects it may bring to a software developing company. The reason for that
is perhaps that there are many ways to implement test automation to software
development and project context must be taken into account when trying to
address whether the investment in it is worthwhile. A lot of software projects fail
and software defects can be costly not only for the company but for the whole
society too. A research done in 2002 calculated that software defects caused
yearly costs of 59,5 billion dollars for the US economy, and this was largely due
to inadequate resources that companies use to their software testing (Tassey,
2002).

Test automation can thus be seen as an investment to software developing
process, and it is a kind of investment and process that usually has a long lifecycle
in a company. There is thus also a need to justify its existence financially, because
the ultimate aim of a company is to make profit to its owners. A comprehensive
cost-benefit analysis of test automation has previously not been made at KONE
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regarding test automation with the setting under study during this thesis work, and
because it has been a part of their software development for only a short time,
there hasn’t been much data to analyze its effects to both software and product
development in general.

According to some sources, testing and rework can take even half of the total time
developing new software. Thus, there is a clear need to shorten and optimize the
time to test the software. Computers can execute a test, which manually could
take minutes, in just a few seconds or less. It also enables testing at night or other
non-office hours and long simulations of the software at work. Automated testing
can therefore shorten the time to test the software and it is especially good at
regression testing, i.e. when a test must be executed multiple times due to changes
in the software to ensure that previous functionality still works. When the tests are
being executed immediately after changes to software code is made, test
automation systems gives direct feedback to the developers of the software. Test
automation also enables testing software with a great number of input data, which
would be impossible to generate manually.

Test automation, along with alternated ways of work can be seen as a way of
software process improvement (SPI). Earlier fault detection and acceleration of
different testing phases could lead to an acceleration of a whole software
development process. The later the defects are noticed, the more it takes time, and
therefore money, to fix them. It is harder to trace the reason for the defect, and
possibly other parts of the code have to be changed and tested again. The late
findings of defects can lead to delays of product releases and, if they are found
after the product has been launched, to repairing costs and a possible loss of
reputation.

Therefore test automation can, in addition to process improvement, be seen as an
investment to software quality improvement. The more there are tests and the
more times they are executed, the more thoroughly the software is tested and the
more defects are found. Therefore is could be concluded, that more testing

4

generally means better quality, i.e. less defects in the products when they are
already in use, which means fewer updates of the products already in use, which
could be costly to the company.

1.2 Characteristics of KONE software and its development
The software installed in the machines that KONE produces is developed
internally at KONE. The software of different machines comprises several
different software components, which are installed on the machines’ hardware,
also developed internally at KONE. The software components’ development is
done in their own projects and the different software projects may also have
several development teams, working on the different elements of a specific
software component.
A special characteristic of KONE’s software development in their R&D is –
separating it from most companies that make software as their main product – that
the software is mostly developed to the machines KONE produces and the
machines can be considered as an embedded systems. Embedded system is
“designed to perform a dedicated function”, in a separation of personal computer
or general-purpose computer which is able to do many things, whatever the
customer wants (Barr & Massa, 2007, p. 1). KONE is not really a software
company; software is just a part of the products, not exactly the main product
itself. Therefore the life-cycle of the software, as in embedded systems in general,
may also be decades.

Most of the software development teams at KONE have used so called agile
software developing methods, mainly Scrum, as a working method since 2010.
The length of a single sprint, which mostly leads to an internal release of the
software, at KONE’s software development is mainly two weeks. Major releases,
comprising all software components of a specific machine, are done twice a year,
but not all software development work aims at those major releases as there may
be a lot of projects working on something that gets released to production use later
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on. They are thus either internal releases or specific customer deliveries. Scrum
and other software development frameworks are introduced in chapter 2.1.

The software that the selected three software projects under study produce is
updated to the machines only if there is a need to do so by a maintenance worker.
Because of that, it would be very costly if there would be a need to update the
software to even a small segment of machines that have the software at use. This
also puts pressure to the quality of the software: it must work properly during
years of continuous use, and releasing low-quality software is simply not an
option.

1.3 Aims and delimitations
The aim of this thesis is to make a cost-benefit analysis of test automation in
software and product development at KONE with three example software
projects. The main emphasis lies on processes of software development as the
software products that the three projects produce are, as of April 2014, only used
in customer pilots. The thesis attempts to answer to following questions:


What are the costs of test automation at the projects under study?
o Workforce costs of test automation system team (TAT) allocated to
the projects and automation testers, test creation in development
teams, hardware and software costs etc.



What are the benefits of test automation at the projects and how can they
be evaluated?
o How much manual testing effort is saved because of automation;
now and in the future?
o What is the effect on software development process in terms of
avoidable rework?
-

Do the projects that use test automation as an integral part
of software development spend less time in defect fixing?

6

-

Does test automation lead to earlier notification of defects
and is it desirable?

o What other positive effects does test automation have in software
development and how can those effects be evaluated?
Software testing’s ultimate goal is to ensure that the software is working
according to its requirements. Given that, to address test automation’s profitability
one should also take into account the possible positive effects on software quality
after the software is released to the customers. This viewpoint is however mostly
left out of this public version of the thesis work due to confidentiality reasons, and
the emphasis here lies on labor costs of software development.

The thesis aims to estimate the monetary value of each of the possible effects of
test automation mentioned above and thus aims to answer, what are the benefitcost ratio (BCR), net present value (NPV) and payback time of test automation at
KONE with the setup under study.

1.4 Methods and data
The thesis is a case study and it follows the guidelines of Runeson and Höst
(2009) of conducting a case study in software engineering. Case study may be
defined as “an empirical method aimed at investigating contemporary phenomena
in their context”. At least the following elements should be involved in a plan for
case study (Robson, 2002):


Objective: what to achieve



The case: what is studied



Theory: frame of reference



Research questions: what to know



Methods: how to collect data



Selection strategy: where to seek data
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A case study may have different kinds of purposes and the case itself may be any
contemporary phenomenon in real-life context. The case under study is test
automation with special emphasis in its profitability in KONE’s software
development of different embedded systems, with exploratory purposes, as
defined by Runeson & Höst (2009, p. 135) as “finding out what is happening,
seeking new insights and generating ideas and hypotheses for new research”.
Research questions of the thesis were defined in chapter 1.3 and the future is
addressed in chapters 6.6 and 6.7.

The theory of this thesis lies on literature of both on investment calculations and
specifically, for this subject, on test automation’s different cons and pros and
software development process improvements’ calculations: what aspects should
one take into account and how can one calculate the monetary value of certain
effects of process improvement. Both basic literature and scientific papers are
used to make an outlook on the ways to evaluate monetary value of software
process improvements and calculations of investments in general.

The data collected in a case study may be quantitative or qualitative, and a
combination of quantitative and qualitative data may provide better understanding
of the phenomenon under study (Runeson & Höst, 2009, p. 136). During this
thesis, both quantitative and qualitative data is being used. Qualitative data comes
mainly from multiple interviews, which are done with:


each of the three selected project’s managers of the software projects
under investigation



test automation system team’s (TAT) manager



the test manager of one software project under study



the software release test manager and an automation tester at KONE’s
Software Test Laboratory (STL)



manual tester at STL
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These interviews are done to paint a picture of test automation’s current status at
the projects under study, and what has been and can be achieved through the use
of test automation. In addition to this, quantitative data is also used. Quantitative
data revolves mainly around software defects, time use of developers and cost
data. Data from software defects is fetched from defect and software development
management systems. Time use of developers to different development activities
is collected by separate book keepings in certain timeframes. A survey was also
conducted with the people working at the three development projects under study.
The questions of the survey regard the time use of developers to defect fixing and
testing activities and personnell’s perceptions on test automation and defect
fixing. The questions of the survey are listed in appendix 1.

All of the cost data represented in this thesis is purely fictional and does not
represent or relate to the actual costs occurred at the company. Labor costs are
calculated with the same formula regardless of one’s job description. Therefore, if
an average person works 1 680 hours/year and the (fictional) hourly rate of 20
€/hour is used, the labor costs of a single person are 33 600 €/year. This is used as
a cost of a single person working at the company throughout this public version of
the thesis, regardless of one’s job description, for illustrative purposes.

The interest rate or required rate of return (RRR) used in the cost-benefit analysis
is 7,61 %. This is the RRR which a single department at KONE’s Hyvinkää office
uses in their investment calculations.

1.5 Structure of the thesis
Chapter 2 introduces software testing and automation’s role in it, automation’s
cons and pros and how they can be evaluated in monetary terms. Chapter 3
discusses different investment calculation methods and how they can be used in
this thesis work. Chapter 4 goes through test automation’s history and the current
situation at KONE with different software projects and their levels of test
automation use. These projects, mainly two of them, are used to make estimations
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of test automation’s impact in software development in the latter chapters.
Chapter 4 also includes test automation’s total (fictional) costs at KONE SW
Center regarding the projects under study.

Chapter 5 makes estimates of benefits of test automation, mostly based on two
evenly sized projects under study, and the case for early finding of defects.
Chapter 5 also includes estimates of test automation’s future and what impacts it
may have on software testing at the projects under study. Chapter 6 compiles the
results of the previous chapters and measures of the investment’s profitability are
calculated. Figure 1 shows the structure of this thesis as an input-output diagram.

Figure 1. The structure of this thesis.
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2 SOFTWARE DEVELOPMENT AND SOFTWARE
TESTING
2.1 Phases and models of software development
Software testing and test automation’s profitability are the subjects under study
during this thesis work, but testing is only one phase in the development of
software. According to Dooley (2011, p. 7), every software application’s
development goes through the same phases:

1. Conception
2. Requirements gathering
3. Design
4. Coding and debugging
5. Testing
6. Release
7. Maintenance/software evolution
8. Retirement

There are several models to support the management of software development
projects, which combine two or more phases described in the list above. Typically
these models are either traditional, so called plan-driven models or the newer
agile development models. Plan-driven models are more clearly defined in the
phases of development, require more documentation of each phase and have more
requirements on completing a phase before moving to the next development
phase. Waterfall model is the most traditional plan-driven model, which goes
through all of the phases above in a chronological order. (Dooley, 2011, p. 7-9)

Figure 2 shows the traditional waterfall method of software development. It starts
by gathering the requirements, which can be further divided to functional
requirements and non-functional requirements. Functional requirements are often
described as use cases i.e. scenarios of a user interacting with the software. Non-
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functional requirements can for example contain performance characteristics or
software/hardware environments it should support. In the design phase the
development team creates a detailed design of the system, which is used for the
next coding phase i.e. translating the design into actual software. In the testing
phase different components are integrated and tested as a system. When the
software testing phase is over, the software is handed to the customers and support
phase begins i.e. instructing customers in the use of the software, or fixing
software defects. (Stober & Hansmann, 2010, p. 16-27). More information of the
definitions of software testing and software defects can be found in chapter 2.2.

Figure 2. Traditional waterfall approach of software development (Stober &
Hansmann, 2010, p. 16).

Agile methods are inherently different than plan-driven methods in that they are
incremental, with the assumption that small, frequent releases make a more robust
product than larger, less frequent ones. They tend to also have less documentation
and the phases tend to blur together more often than with plan-driven models
(Dooley, 2011, p. 7-8). The most important reasons for agile development
methods against traditional plan-driven models are that they 1) handle changing
requirements throughout the development cycle and 2) deliver software under
budget constraints and deliver software products faster (Huo et al., 2004, p. 2).
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There are many agile process methods, but in this instance only Scrum is
introduced as it is the development method broadly used at KONE’s SW
(Software) Center. Scrum is a widely used method of the agile development
models; an iterative process development framework for developing and
maintaining software products. Scrum development team comprises a product
owner, Scrum master and the development team. Product owner (PO) manages a
product backlog, which is a kind of wish list of the product’s features or other
closely project-related things. During the sprint planning, the team picks a number
of these so called backlog items from the top of the list, thus creating a sprint
backlog, which they will have a limited time, of usually 2 or 4 weeks, to
implement. (Schwaber & Sutherland, 2013, p. 3-6; Scrum alliance, 2014)

The Scrum team, which is a self-organizing entity, also meets every day to assess
their progress (so called “daily Scrum”). The Scrum master’s job is to keep the
team focused on its goals, but even he/she won’t govern the team on how to
transfer a product backlog to an increment of a product. At the end of the sprint
there is a potentially shippable product increment ready, but it can also be a so
called internal release that won’t get released to the customers. (Schwaber &
Sutherland, 2013, p. 3-6; Scrum alliance, 2014) Figure 3 illustrates the Scrum
process.

Figure 3. Scrum development process (Scrum alliance, 2014).
As it can be noted from Scrum process’ description, it really doesn’t distinguish
different software development phases like traditional methods do. Instead, the
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phases like coding and testing of the software can be parts of tasks / items and
their definition of done (DoD). DoD is a common, shared understanding inside the
development team of what it means for a work to be complete (Schwaber &
Sutherland, 2013, p. 15).

2.2 Definition and importance of software testing
According to one definition, software testing “is the process of executing a
program with the intent of finding errors.” (Myers et al., 2004, p. 11) According
to Huizinga & Colawa (2007, p. 249), “Testing is the process of revealing defects
in the code with the ultimate goal of establishing that the software has attained a
specified degree of quality.”

The words defect and bug in the context of software development mean
essentially the same thing: that there is any kind of “flaw in the specification,
design or implementation in a software product” that needs to be detected and
repaired in order to have software product working correctly (Hevner, 1997, p.
868). During this thesis work the word “defect” is most often used when talking
about a flaw in the software. The purpose of testing is to find defects and verify
that the software is working properly (Ramler & Wolfmaier 2006, p. 85).

Software quality consists of many factors such as efficiency, reliability or
reusability, and customer satisfaction is the most important measure of that.
However, the defect rate is, while just one of the factors of software quality, so
important that if it is not in an acceptable level, the other factors of quality lose
their importance. (Huizinga & Colawa, 2007, p. 4)

The value of software testing has been contemplated for example by Biffl et al.
(2006). Testing isn’t an activity that creates immediate value to the end product
like coding does; it is instead a supportive activity that informs other valuecreating activities. Testing can provide feedback for example for following
stakeholders (Biffl et al., 2006, p. 228-229):
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Customers and users of the software get information on to what extent
software meets its mutually agreed requirements



Marketing and product managers can use the information from testing to
plan releases, pricing, promotion and distribution



Project managers get information to support risk management and
project’s progress estimation



Quality managers get information to support process improvement and
strategies for quality assurance



Developers of the software need the information from testing to be sure
that their implementation is done accordingly



Requirements engineers need the information from testing to validate and
verify the software’s requirements

The defects in software may be found during different test levels of software
development either inside the software developing department or of the products
already in use, found by the customers. The testing levels at KONE’s software
development are declared in chapter 4.1.2, but literary definitions vary between
many sources. Huizinga & Colawa (2007, p. 249-270) declare the levels of
software testing as follows:


Unit testing: testing of a unit of the software, which can be further divided
to:
o White box testing, which is done to software’s inner structures in
order to reveal construction defects and security vulnerabilities.
o Black box testing, which verifies that specific inputs generate
wanted outputs; inner structure of the software is not known. Black
box testing can also be done to every other test level mentioned
below.



Integration testing: different units, sub-modules and modules of the
software are tested combined to verify that they work correctly together.



System testing: hardware and software are integrated to verify that the
system meets its requirements.
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There are also a few others widely used software testing levels and techniques:


Release testing: system is tested as a whole to ensure that it is ready for
use outside of the development team, usually to the customers and users of
the product.
o Release is essentially a new version of software (Lallemand,
2012), which can e.g. be done because of new software features or
fixes to an earlier release of the software.
o The difference between release testing and system testing is that
release testing should be done by a separate team that has not been
involved in the development of the system (Sommerville, 2011, p.
224).



Acceptance testing: software is tested to ensure that it meets its
acceptance criteria with the customer (Huizinga & Colawa, 2007, p. 270).



Retesting (from now on called regression testing) is not a test level but
rather a process, where the tests that were executed in the previous (n-1th)
version of the software are executed on the current (nth) version
(Whittaker, 2000, p. 77).

Software testing can be done either manually of automatically. Manual testing is
done by a person, a tester, who acts as an end user of the software (Software
Testing Class, 2013). Automated testing means that specific software executes
and/or creates the tests and produces results of them (Huizinga & Colawa, 2007,
p. 228). Test automation may sound simpler than it actually is, because it is often
a time and resource consuming activity that has many pitfalls. This topic is further
discussed in chapter 2.4.
Patton (2001, pp. 38-40) compares software testing to finding insects (or “bugs”
as they are often called) in a house: if you find them, there are probably more of
them; if you don’t find any, you still cannot say that no bugs exist. It is a fair
analogy to software testing too, because there are too many inputs, outputs and
possible paths to go through the software even in a simple calculator, even with
supercomputers, to test it completely. Software testing is thus a risk-based
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activity, because everything cannot be tested and because of that, some defects are
likely to get missed by software testing activities before releasing the software to
the customers. Figure 4 illustrates the optimal amount of testing with the costs of
testing and the costs of missed defects, which varies between different software
projects. (Patton, 2001, pp. 38-40)

Figure 4. Optimal testing effort of software development (Patton, 2001, p. 40).

2.3 Benefits of test automation
2.3.1

Time savings and quality of testing

The most obvious benefits of test automation are related to the speed of test
executions compared to manual testing. It takes a far shorter time to execute a test
automatically than manually and testing phases can be shortened greatly because
of automation (Berner et al., 2005, p. 573). Thus, one can execute tests more often
(with more cycles) (Berner et al., 2005, p. 573) and at out of office times as well.
When tests are executed automatically, there is no need for human effort in
execution of the tests as opposed to manual testing. Tests can also be executed in
parallel with different computers, enabling the execution of many tests
simultaneously.
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Manual testing, according to Hayes (1995, p. 5-6), isn’t enough unless a company
constantly increases resources in testing and cycle time i.e. the timeframe within
which all of the manual tests are run. That is because when applications change
and gain more complexity, the number of tests to maintain the adequate test
coverage also grows all the time. It is also worth noting that even a small increase
in code, say 10 %, still requires that 100 % of the features should be tested (i.e.
regression tested). Therefore the risks to have the application stop working or do
wrong things increase, especially as testers often neglect regression testing in
favor of new feature testing. This risk of inadequate testing is illustrated in figure
5. Test automation, when done correctly, can reduce that risk as both existing and
new features can be tested whenever. (Hayes, 1995, p. 5-6)

Figure 5. Risk of defects because of inadequate testing of software. (Hayes, 1995,
p. 5)
According to Whittaker (2000, p. 78), regression testing’s importance lies in the
fact that when a defect is found and fixed, the fix doesn’t always result to the
obviously wanted scenario where the defect is fixed and other functionality works
as well. A specific fix may, indeed,

a) fix the defect reported
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b) fail to fix the defect reported
c) fix the defect but break a functionality that was working in the previous
release
d) fail to fix the defect and break a previously working functionality

For this very reason it would make sense to execute all the tests that were done to
the previous release, but because it is very time consuming, at least manually it is
most often not attainable (Whittaker, 2000, p. 78). According to McConnell
(2004, p. 32-33), automating regression testing “is the only practical way” to
manage regression testing, also because it becomes easy to overlook defects as
testers become numbed running the same tests and seeing the same results.

Experience reports and empirical observations of Kasurinen et al. (2009, p. 10)
and Berner et al. (2005, p. 5) of different software projects using test automation
is that it is, indeed, best applicable for regression testing; to check that new
software doesn’t break the old functionality. It is thus more of a “quality control”
than a “front-line testing method” (Kasurinen et al., 2009, p. 10-11). Automation
should also be applied to tests that have minimal number of changes per
development cycle, because they are time-consuming to make. Both studies also
found that most of the defects found by automated tests occur during the
development of automated tests. Berner et al. (2005, p. 574) however emphasize
the importance of executing all of the automated tests every time a new commit
(change in the software) is being made, at least once a day, to ensure that the
quality of the tests stay the same. That is because the functionality of automated
tests tends to break at some point of software development (Pettichord, 1996, p.
3).

According to the study of Berner et al. (2005, p. 573) the quality of the test cases
in the studied companies using test automation increased considerably, ”when
testers were freed from boring and repetitive tasks” and they had more time to
design better test cases or more of them, “focusing on areas that have been
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neglected so far”. Therefore test automation should improve the quality of testing,
including manual testing, if the resources spent on manual testing stay the same.

2.3.2

Effects on rework and software quality

El Emam (2003, p. 46) illustrates the relative size and division of total costs of a
development of a typical software product within its development and
maintenance with the figure 6. General availability is the point where software is
released to the customers and the bar to the left side of it are pre-release i.e.
construction time costs of a product. Fixed & overhead costs are in every project
and they include things like electricity and office space costs. Construction costs
are the costs that are related to the actual development of the software such as
requirements analysis, design and coding of the software.

Figure 6. The costs of a software product during its lifetime. (El Emam, 2003, p.
46)

Defect detection stands for activities that aim at finding defects i.e. root cause
analysis, testing and inspections / peer reviews. Rework costs, i.e. costs related to
defect fixing, are divided to pre- and post-release time. Pre-release rework costs
are defects fixes of the defects found in construction phase, whereas post-release
rework costs are from fixing defects found by the customers. Post-release costs
also include new feature costs and support function costs. (El Emam, 2003, p. 4546)
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As the figure shows, rework costs are typically large in a software development
project and thus a potential aspect in cost savings and acceleration of the
development process. Also according to Damm and Lundberg (2006, p. 1001),
avoidable rework is typically a large part of a development project, i.e. 20-80%.
Williams et al. (2009) conducted a study on automating of unit tests and testdriven development (TDD) at Microsoft and found that the relative amount of
defects found by developers, manual testers and customers decreased
significantly. The developers especially found that they spent less time on defect
fixing during stabilization phase i.e. when no new feature gets developed
(Williams et al., 2009, p. 86). In that study however the development time also
increased by 30 percent.

There have been studies on how much of a difference does it make to find and fix
a defect at different stages of the product’s life cycle. Shull et al. (2002, p. 3)
found based on several information technology (IT) companies, that finding and
fixing a severe software defect can be 100 times more expensive after delivery
than in the requirements and design phase; a non-severe software defect is about
twice as expensive. The same study (Shull et al. 2002, p. 4) found that the amount
of avoidable rework is significant in software projects, but it decreases as the
process maturity increases; from about 40-50 % to 10-20 %.

McConnell (2004, p. 7-8) has gathered up information on multiple sources about
the relative cost of fixing defects based on which development phase they were
introduced and when they were detected (see table 1). These findings make a clear
case for a software developing company or department to invest on earlier defect
notification, to prevent them from entering next development phases and
especially during pre-release time.
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Table 1. Average cost of defect fixing based on when they’re introduced and
when they are detected (McConnell, 2004, p. 7).
Time
introduced
Requirements
Architecture
Contruction

Time detected
Requirements Architecture

Construction

1
-

5-10
10
1

3
1
-

System
test
10
15
10

Postrelease
10-100
25-100
10-25

There also studies to suggest that test automation leads to earlier detection of
defects and the cost of defect fixing is reduced (Berner et al. 2005, p. 573). This is
logical as test automation increases the possibility to find problems at “earliest
possible moment”, especially if the tests are executed frequently (even several
times a day), which tends to minimize the effort to diagnose and fix the problems
(McConnell, 2004, p. 33). A reason why testing accounts for 50 % or more of the
total development time of the development projects (if defect fixing is considered
a part of the “testing” activities) is that the late verification / release testing
activities often times reveal a lot of defects that could have been found earlier,
when they are cheaper to find and fix, which also leads to delays in schedules
(Damm et al., 2005, pp. 3-4).

Little (2004, p. 80) has examined among other software development activities
testing in a company called Landmark Graphics based on historical data for many
years. Figure 7 shows the developer days’ and rework days’ correlation in a
typical software project over time. As it can be seen from the figure, test
automation has reduced rework days effectively in this special case study.
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Figure 7. Test automation’s impact on rework by effective developer days in one
case study: dashed line represents the base case and thick line represents the
improvement with test automation (Little, 2004, p. 50).

There are also some measures to indicate, how well the defects are found in
different phases: such as Faults-Slip-Through (FST). It is a metric developed by
Damm et al. (2006) and it is based on experience that certain kinds of defects are
typically found in certain testing phases. Its purpose is to make sure, that the right
bugs are found in the right phases of the testing process. The right phase is
determined by the test strategy and all faults that are found later than the test
strategy would imply, are considered slips. Equation 1 shows the calculation of
FST. (Damm & Lundberg, 2006, p. 1003)

(

)

( )
( )
(1)

Where SF = Number of faults found in phase X that slipped through earlier phases
and TF = Total number of faults found in phase X. (Damm & Lundberg, 2006, p.
1003) Another way to look at fault slippage is that it should be found at the phase
it was inserted to the system under development (Hevner, 1997, p. 867).
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2.4 Costs, pitfalls and other issues regarding test automation
Test automation is in many cases integrated with another changes and techniques
in the software process development itself. One common design technique
associated with test automation is test-driven development (TDD), where
developers write the tests before production code (Damm et al., 2005, p. 5-6).
Another common development process, often times associated with TDD, is the
introduction of agile software development methods, e.g. Scrum (see chapter 2.1
for more information).

Continuous integration (CI) is a practice often associated with test automation. It
is ”a software development practice where members of a team integrate their work
frequently” (Fowler, 2006). It is a popular practice with agile development
methods, and integration may occur several times a day, with the intention to
reduce time spent on defect detection by finding problems early (Huo et al., 2004,
p. 4-5). Berner et al. (2005, p. 574-575) emphasize the importance of continuous
integration in the development work, at least once a day, and to execute all
automated tests during integration so that the tests remain relevant and the ability
to execute them remains in the development team.

Stober & Hansmann (2010, p. 47, 70) suggest that automated test environment is
necessary in agile software development, because developers “need to be able to
get real-time feedback for each single code change immediately”. They also claim
that automation of all test cases “is a key factor to success with improved
productivity in a software development project”, because the execution of manual
test cases numerous times for example at the end of each sprint / iteration is too
costly as it is a labor-intensive activity as opposed to executing automated tests.

According to Damm & Lundberg (2005b, p. 1005), the implementation of new
processes and tools in an organization causes up-front costs such as tool
acquisitions and training, which are usually one-time investments and don’t
necessarily pay off directly during the first project. Changed way of work, more
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importantly, might change the costs in the long run. Those costs can be, however,
hard to measure if the new processes are not just new activities in addition to
older ones but rather replacements of other activities currently done in the
organization (Damm & Lundberg 2005b, p. 1005). However, maintenance costs
of test automation are also something that becomes easily uncontrollable (Damm
et al., 2005a, p. 11)

Test automation requires high product testability. Testability is done by making
the internal state of the software observable and the software under test
controllable, which makes the test case development and localization of defects
easier. Testability is a non-functional requirement of test automation that is often
forgotten, and it should be considered in the system architecture right from the
beginning as it may be very difficult afterwards. (Damm et al., 2005a, p. 13 &
McGregor, 2001, p. 19 & Berner et al., 2005, p. 576, 579)

Automating the tests that commonly take a lot of time manually usually makes
sense, but it could also lead to organizations to start the automation work by
automating the test of the existing graphical user interfaces (GUIs). According to
Berner et al. (2004, p. 573) is however not a good approach since it is very time
consuming and GUIs change frequently, which could lead to a lot of tests stop
working even with a minor change in the GUI. According to Hayes (1995, p. 5-6),
the benefit of test automation is lost if the automated tests are not designed to be
maintainable and have to be constantly rewritten, which is why the design of a test
library that supports test maintainability during the whole life of the application is
essential in the success of test automation use.

Kernighan and Pike (1999, p. 139, 143) emphasize the importance of testing the
software as developers write the code. It will lead to better quality of code,
because when one thinks about how the code should be tested, one knows best
how the code should work. When the functionality breaks and a fix has to be
made, it takes time to figure out how the code worked and fixes may not be
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thorough enough because of a lack in understanding of the code. (Kernighan &
Pike, 1999, p. 143)

2.5 Decision making between automated and manual testing
As it seems not to be feasible to automate all of the tests, there needs to be
decisions on whether to automate specific tests or not. This section discusses this
topic both in a general level and with two models to support decision making
between automating or manually executing tests.

2.5.1

General

According to Biffl et al. (2006, p. 235-236), test automation has potential to
reduce time and costs especially if the software is developed with highly iterative
processes (such as Scrum, see chapter 2.1). It pays off if the costs of executing the
tests manually are higher than making and executing the tests automatically, and
as automated tests often require high initial effort, they have to be executed a
number of times to “break-even” (see the following chapter 2.5.2 for more
information). (Biffl et al., 2006, pp. 235-236)

In general, the choice between automated and manual testing comes from the
nature of the tests and how often they are run. Automated testing is better to
address regression risk, i.e. that a previously working functionality doesn’t work
after new commitments to the code. Manual testing, in contrast, is suitable to
explore new ways to break functionality. (Ramler & Wolfmaier 2006, p. 88)

According to Pettichord (1996, p. 3), the decision on what tests to automate lies in
the knowledge of the things that take the most time in manual testing; those tests
should probably be automated. According to Bach (1999, p. 2), manual testing is
better at adapting to change and complexity of the software testing, as testing
should be seen as an interactive process instead of a sequence of actions, and with
automation every evaluation must be specifically planned. Thus, according to
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him, automating all tests in a software project would probably lead to “relatively
weak tests that ignore many interesting bugs”.
In the software testing of different companies’ products there are also often things
that the testers may know about that they only wished they had the time to test,
and there are many reasons why those tests shouldn’t be automated. First off, one
should only automate the things that they have a clear understanding of the testing
procedure on, and this is usually achieved only by manually testing the software
and finding out how things should go. It wouldn’t make much sense to invest a lot
of time to automate a test and finding out afterwards that there is a better solution.
Another reason is that if there hasn’t been time to manually test a specific thing,
there probably won’t be time to maintain the automated test either, and the
functionality of test automation always breaks at some point. (Pettichord, 1996, p.
3)

2.5.2

Models to support decision making

There are also some models to support decision making between automated and
manual testing mainly based on the time that both activities take and the different
aspects of both testing activities. A simplistic, “universal formula” for test
automation costs, is according to Ramler and Wolfmaier (2006, p. 86) widely
cited in software testing literature. It is originally published by Linz and Daigl
(1998) and it defines the following variables:

V = Expenditure for test specification and implementation
D= Expenditure for single test execution

Therefore, the cost for a single automated test (A(a)) is calculated in equation 2 as
follows:
( )

( )

( )

(2)
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where V(a) is the expenditure for specifying and automating the test case, D(a) is
the expenditure for executing the test case one time, and n is the number of
automated test executions. The cost of a single manual test case would therefore
be, by this model:
( )

( )

( )

(3)

where V(m) is the expenditure for specifying the test case, D(m) is the
expenditure for executing the test case and n is the number of manual test
executions. In order to get the break-even point from test automation by this
model is to compare the cost of automated testing to the cost of manual testing as
as shown in equation 4. Equation 5 shows the number of test executions (n) to
make automation worthwhile, calculated from equation 4.

( )

( )
( )

( )
( )

( )
( )
(4)

( )
( )

( )
( )
(5)

If for example a single test specification would take 15 minutes with manual
testing (V(m)) and 60 minutes with automation (V(a)), and test execution would
take 5 minutes with automation (D(a)) and 20 minutes with manual testing
(D(m)), the break-even point would be 3 test executions. Automation in this
hypothetical instance would be worthwhile if there were 3 or more test
executions. Figure 8 further illustrates the break-even point in automated testing.

(6)
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Figure 8. Break-even point for automated testing (Ramler & Wolfmaier, 2006, p.
86).

Ramler and Wolfmaier (2006) have made an alternative model to support decision
making in automating tests based on the model described above. First, a budget is
established, which is typically far less than what is usually budgeted to test the
software (around 75 % in practice). Under this budget, all of the tests must be
executed. The time used to testing activities is simplified so that manual test takes
the time equally what it takes to execute it (for example 15 minutes). On the other
hand, in the automated test, the testing time is equaled to the time it takes to make
the actual test (for example 1 hour), while the execution time is not being taken
into account since it takes so little time to execute it. If the exemplary times of
Ramler and Wolfmaier’s article is used, a manual test takes equal time to
automated test if it is being executed four times (4 x 15 minutes = 1 hour). If there
are more execution rounds, the testing takes less time if it was automated.

All of the possible combinations of testing fall thus under the following equation
(Ramler & Wolfmaier, 2006, p. 88):
( )

( )

( )

( )

(7)
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Where

n(a) = number of automated test cases
n(m) = number of manual case executions
V(a) = expenditure for test automation
D(m) = expenditure for a manual test execution
B = fixed budget

Figure 9 illustrates all of the possible combinations, if the budget of testing (B) is
75 hours, expenditure for a single test automation (V(a)) is 1 hour and expenditure
for a manual test execution (D(m)) is 0,25 hours. Under this budget, it is for
example possible to automate 50 tests and make 100 manual test case executions
or any other combination on the frontier or below it. (Ramler & Wolfmaier, 2006,
p. 86-88)

Figure 9. Production possibilities of manual and automated testing with an
exemplary test budget of 75 hours (Ramler & Wolfmaier, 2006, p. 87).
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2.6 Summary and discussion in regards to cost-benefit analysis
As pointed out in chapter 2.5.2, the nature of manual and automated testing is
different and the time consumption to the activities differs as well. In
simplification, the making of a single automated test takes a lot of time and the
execution takes very little time whereas manual testing’s time consumption lies
often in the execution itself. Based on literature review above it seems that the
tests that are repeated often should be automated and the ones that aren’t should
be done with manual testing.

Automated testing is seen as a necessity in agile software development methods
(such as Scrum, which is widely used at KONE SW Center), to provide fast
feedback to developers of their work. This is only achieved through automation.
However, multiple sources also suggest that manual testing should not be
abandoned by automated testing because manual testing seems to reveal different
kinds of defects than automation. McConnell (2004, p. 11) also suggests that it is
a good practice to have a separate testing group in the development of embedded
software, which KONE already has in the form of testing team at their Software
Test Laboratory (or STL, see chapter 4.1.4).

The earlier the defects are being found and corrected, the less of them appear in
the later stages of software development and in the products at use of the
customers. Also, the better coverage of testing is achieved, the more likely defects
are to be detected and fixed before the release of the software product to the
market. The reason to find defects as early in the development process as possible
stems from the fact that it is easier and cheaper to find and fix them in the early
stages of development. There are however many things that need to be taken into
account with test automation such as testability of the software and maintenance
of test and test framework, which can require a lot of effort especially if test
automation is introduced in the midst of a software project.
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Bach (1999, p. 4) challenges the assumption that costs and benefits of manual
versus automated testing could be quantified in the first place, as they are two
different processes that tend to reveal different kinds of defects, instead of being
two different ways to execute the same process. He states, that the evaluation of it
should be done in the context of real software projects as there are many hidden
factors involved. There, indeed, seems not to be a formal way of addressing test
automation’s profitability, even though three major points arise:


The execution of an automated test takes much less time than a
manual test, which easily leads to executing tests more often (= more
test cycles) than with manual testing.



Test automation, when done accordingly, leads to earlier notification
of defects and it can thus lead to reduction in rework.



The earlier defects are being found due to a good level of test
coverage, the more likely they are to appear pre-release instead of
post-release.

Table 2 summarizes the benefits of test automation and the possible measures of
each benefit. As mentioned in chapter 1.3, quality of the software products is
something that is not addressed during this thesis work.

Table 2. Benefits of test automation and possible measures of them.
Benefit

Measure

Speed of testing

Time saved when manual testing is
replaced by automation

Productivity of software development

Reduction of rework

Quality of the software products

Reduction of costs related to fixing postrelease defects
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3 THE BASIS FOR A COST-BENEFIT ANALYSIS
3.1 Definition of investment
An investment can be seen as “an asset or item that is purchased with the hope
that it will generate income or appreciate in the future” (Investopedia, 2013).
Often times it is seen as a physical product to produce other physical products, but
is can also be a non-physical one, for example in the form of human capital
investment (Hassett, 2008).

Cost-benefit approach should be used to make decisions in resource allocations in
the company. Those could mean for example whether to hire a new employee or
to purchase new software or whatever new acquisition in the company. The
approach is pretty simple and straightforward, as the expected benefits of the
resource acquired should exceed the costs, even though both the expected benefits
and costs may be hard to quantify. (Horngren et al., 2006, p. 11)

Discounted cash flow methods are often used as a way of deciding, whether an
investment in worth making in the company, and they offer the basis for
calculating different profitability measures presented in chapter 3.2. They measure
estimated cash inflows and outflows caused by an investment as if they occurred
at a single point of time. Discounted cash flow methods all have a time value of
money, which means that money is worth more today than any point in the future.
That is because money can be invested at an interest rate so it grows by the end of
the year; for example, at a 10 % interest rate, 1 € invested today grows to 1,10 €
by the end of the year. Similarly, 1 € received one year from now would be worth
0,9091 € today. (Horngren et al., 2006, p. 726-727)

33

3.2 Methods of investment appraisal
3.2.1

Net present value (NPV)

Net present value (NPV) calculates all of the expected future cash flows by
discounting them to the present point of time with a specified rate of return.
According to NPV, only the projects that have a positive (or zero) value are
acceptable investments because the return of the investments exceed the cost of
capital as the rate of return. There are three steps of using the NPV method: 1)
drawing a sketch of cash inflows and outflows, 2) calculating the correct discount
factors and 3) summing the present value figures to determine the NPV of the
investment. (Horngren et al., 2006, p. 727-728)

The often times used approach to model the relevant cash flows is to set them out
on a yearly basis. The initial investment is usually set to take place at the year 0,
which is normally the start of the year 1. The year 0 is, at simple projects, where
all of the capital expenditure takes place. However, at more complex projects
where the initial capital cost of investment is spread to multiple years, there are
two alternatives:


The end of the twelve months from when the first capital outflow took
place



The last twelve months ending on the completion of the project

(Mott, 1997, p. 22, 24)

The figures below show the typical patterns of cash flow of a capital expenditure.
In figure 10, there is a one-time initial investment at year 0 (start of the year 1),
which generates cash inflows in the following years. In figure 11, the initial
investment is divided to multiple years and it also illustrates the possibility of an
investment to have negative cash flows in the future too, perhaps in the form of
additional investments in the project (Mott, 1997, p. 21-22). Investment on test
automation can easily be seen as a complex project as illustrated in figure 10. Its
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“initial investment” is actually hard to specify, at least in the case of KONE (see
chapter 4.1 for more), and the yearly costs are much more significant.

0

1

2

3

4

Figure 10. The typical cash flow pattern of a simple project (Mott, 1997, p. 22).
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Figure 11. The typical cash flow pattern of a complex project (Mott, 1997, p. 22).
As stated above, the future value of 1 € is at a given interest rate bigger in the
future than today and 1 € received at any point in the future is of less value than 1
€ today. In fact, the interest factor of 1 € is (Mott, 1997, p. 166):
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(1 + i)n,

Where i = the rate of interest as a decimal value and
n = the number of years.
By the same logic, the present value and discount factor of 1 € from any point in
the future is (Mott, 1997, p. 168):
(1 + i)-n,

Where i = the rate of interest as a decimal value and
n = the number of years.
Figure 12 shows the way to calculate a simple project’s NPV, where there is a
single initial investment and an annual cash inflow of the same amount of money.
The time value of money is illustrated as the present value of 100 000 € drops
yearly, and the NPV is 57 700 € instead of 100 000 € (-200 000 € + 3 * 100 000 €)
that would be a simple sum of the annual cash flows.

Net initial investment 200 000 €
Useful life
3 years
Annual cash inflow
100 000 €
Required rate of return
8%

Net initial investment
Annual cash inflow
NPV if new machine purchased

Present value of Present value of 1 € Relevant cash flow at end of each year
cash flow
discounted at 8 %
0
1
2
3
-200 000 €
1,000
-200 000 €
92 600 €
0,926
100 000 €
85 700 €
0,857
100 000 €
79 400 €
0,794
100 000 €
57 700 €

Figure 12. Example of NPV method in use. (Horngren et al., 2006, p. 727)

3.2.2

Benefit-cost ratio (BCR)

An investment project has impacts than can be either positive or negative, as
already established. Cost-benefit analysis’ role is to measure the difference of the
situations where the project is applied or not applied. An important aspect of costbenefit analysis is opportunity cost, which represents the cost of not implementing
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a competing project (or to not undertake a project under study), and this decision
process and decision criteria of investment in cost-benefit analysis is shown in
figure 13. (Campbell & Brown, 2003, p. 2)

Figure 13. The “with-and-without” approach to cost-benefit analysis. (Campbell
& Brown, 2003, p. 3)

The common measure of cost-benefit analysis is benefit-cost ratio (BCR). It is
essentially a variation of NPV, but instead of subtracting the present value (PV) of
project’s benefits from the PV of costs, the former is used as numerator and the
latter is used as denominator. Equation (8) shows how BCR is calculated
(Campbell & Brown, 2003, p. 43)
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3.2.3

Payback method and internal rate of return (IRR)

Payback of an investment “is achieved when cumulative net cash flow turns from
negative to a positive figure.” Payback is thus measured in years and months
when the original investment is recovered by the yearly estimated cash flows.
Payback is often calculated from nominal cash flows (without an interest rate /
time value of money), but it can also be calculated from discounted cash flows.
(Mott, 1997, p. 10, 52-53)
A disadvantage of payback method is that it doesn’t measure the profitability over
the whole life of the investment; it only shows when the investment has paid itself
back. When comparing two different investments, this might produce a shorter
payback time for an investment that has a shorter lifecycle; an investment with a
longer lifecycle might have a longer payback time but greater profits over the
whole lifecycle. This disadvantage can be overcome by using payback method in
conjunction with internal rate of return (IRR). (Mott, 1997, p. 54-55)
IRR is “often described as the rate of interest that results in a net present value of
zero.” (Mott, 1997, p. 61) IRR method only accepts the projects where IRR equals
or exceeds the required rate of return (RRR), which is the minimum acceptable
rate of return of an investment. RRR is determined by the company itself, and it is
the return that the company could expect to receive elsewhere if it invested the
money elsewhere. If IRR equals or exceeds the RRR, it means that the estimated
future cash flows are both adequate to recover the initial investment and earn a
return of exactly the value of IRR during the whole lifecycle of the investment.
(Horngren et al., 2006, p. 727-729)
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3.2.4

Return on investment (ROI)

Return on Investment (ROI) is a popular way of measuring the performance of an
investment. It is popular because it mixes all of the things of profitability into a
single percentage and it can be compared with the rate of return of other
investments, both inside and outside of a company. ROI also shows how much
profit each monetary unit spent on an investment generates. (Horngren et al.,
2006, pp. 793-794)

ROI is calculated by dividing the net profit of a typical year related to the
investment with the average investment or assets (Neilimo & Uusi-Rauva, 2007,
p. 222) (see equation 9).

(9)
However, the equation to calculate ROI differs not only in everyday talk, but also
in literature and especially in the literature regarding the profitability of different
software development practices. The common way of calculating ROI in these
instances is, in essence, a variation of NPV and BCR: simple comparison of net
benefits and costs. For example Erdogmus et al. (2004, p. 19) in their article
addressing the profitability of software development practices define ROI as
follows:

(10)
If ROI is calculated as in equation 10, NPV can be used as a basis for ROI
calculation. Then the NPV value calculated is used as numerator and PV of costs
is used as denominator of the equation above. Therefore, if the example
calculation of chapter 3.2.1 is used as an example, the “ROI” of that investment
would be:
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)
(11)

As the assets related to test automation at KONE’s software development are
considered insignificant related to manual testing (see chapter 4.2.1), the ROI of
test automation is not calculated in the traditional way as shown in the literature of
accounting. Instead, equation 10 is used when addressing the “ROI” of test
automation and thus we are essentially talking about a variation of BCR when
talking about ROI during this thesis.

3.3 Activity-based costing’s role
Activity-based costing (ABC) is a basis for many costing systems. Its idea is to
identify individual activities as the cost objects; the ABC systems calculate the
costs of the activities and assign the costs of the activities to cost objects. An
activity “is an event, task, or unit of work with a specified purpose” in the
company. (Horngren et al., 2006, pp. 144-145) In the case of software
development, the activities can be the ones introduced in chapter 2.1. They can
include for example designing, coding and testing, further divided to design of
requirements and tests and testing to manual and automated testing. The time use
to different activities can be derived from either time-keeping systems or
estimates of workload.

In this thesis we are interested in the time use of testing, especially automated test
writing and maintenance by developers. As stated in chapter 2.3.2, testing and
rework associated to it often account for 50 % of the development time and, thus,
the costs of the development project. However, the costs of automated testing,
especially considering the cost-benefit analysis, are not that simple to quantify.
That is because automated testing, in development teams, often comes as a
replacement of previous activities such as manual testing and, potentially, defect
fixing. Therefore the costs of the software developers don’t really increase due to
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test automation; they just use the time in a different way than before. More on the
KONE specific software development’s common habits and test automation’s role
in it can be found in chapter 4.

3.4 Further discussion
There are many different metrics and methods which can be used to analyze the
investments; whether they are worth investing and whether to continue the
investment. Return on Investment (ROI) is very widely used method, in the
software development industry as well, even though it is not always understood
and can even be misused in the software engineering community (Erdogmus et al.,
2004, p. 70). The reasons to analyze ROI of software process improvement are
according to van Solingen (2004):


To convince managers to invest money and effort in improvement and to
convince that it can help solve structural problems.



To estimate how much effort to invest or to estimate if a certain benefit is
worth its cost.



To decide which process improvement to implement first, because of
timing and resource constraints.



Continuing improvement programs. Benefits must be explicit and
organizations must show sufficient ROI, or continuation is at risk.

The reasons above can however be used to justify investment calculations in
general and every single metric and method besides ROI. ROI is, however, very
widely used because it is easy to understand and it is a way of setting the obtained
benefits of an investment in, for example software quality, in the form that senior
management can understand and use as a basis of decision-making (Erdogmus et
al., 2004, p. 19). As stated in chapter 3.2.4, the ROI of test automation in this
thesis is calculated as being a variation of BCR and thus BCR is used as the main
profitability measure of this thesis.
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An investment on software product’s quality, which test automation partly aims at
leading to, is clearly an investment on a generally wanted issue, since the fixing of
an existing software takes time away from the development of new software and
new functionality: the question is, how much to invest and where (Erdogmus et
al., 2004, p. 18). In the case of test automation, the investment is often a pretty big
one and it involves a lot of continuous costs in the form of maintenance of the test
automation system and the continuous test creation for new software in
development teams (see chapter 4.2). As it is done to pursue wanted benefits in
the form of better software and process quality, a calculation can be done, even if
the benefits are hard to quantify.

The increased software quality can be related both to the product or the process
itself and multiple stakeholders should be involved, because they see benefits’
impacts and values from specific viewpoints. If, for example, time-to-market is
reduced by two weeks because of process improvements, then one can ask the
marketing department what this would bring in financial values. The project
manager, on the other hand, can have a viewpoint on whether the project would
have suffered from serious delays without the process improvement actions – a
so-called “what-if-not” analysis. (van Solingen 2004, p. 35)

One difficult aspect to value monetarily is the intangible benefits of software
process development. According to van Solingen (2004), it is important to
estimate a monetary value for those aspects as well, because money is a generic
term for value. Financial benefits are also just as easy to measure as costs, he
claims, as long as there is an agreement on how they are valued. If for example a
manager’s team is, according to him/her, more motivated due to the improvement,
the value of the increased motivation is what the manager would be willing to pay
in order to acquire this motivation. The question can be put in the form of, how
many training days he or she would be willing to pay in order to get the increased
motivation. Even though such numbers are not really accurate, they’re useful to
calculate the profitability of a software process improvement. (van Solingen 2004,
p. 35)
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4 TEST AUTOMATION PRACTICES AND THEIR
COSTS AT THE PROJECTS UNDER STUDY
4.1 Testing practices and their development at the projects
As stated in chapter 1.1, the use of test automation at KONE was started in the
early 2000s and there are different ways to implement it. Chapter 4.1.1 describes
how one development project of KONE’s embedded software development
started using Robot Framework to enable component level testing (see chapter
4.1.2) inside the development project, eliminating the constant need to test the
software manually with real hardware. Robot Framework is “a generic test
automation framework for acceptance testing” and as open source software it is
free of charge (Robot Framework, 2014).

Chapter 4.1.2 describes how the Robot test automation system team (TAT) serves
the different development projects and the software testing levels inside KONE’s
SW Center. Chapter 4.1.3 goes through three of the selected software projects of
KONE that use test automation in this same way. Chapter 4.1.4 describes
KONE’s Software Test Laboratory’s (STL) views on the three selected projects
and what effects does test automation have in the manual testing of these projects.

4.1.1

History

The use of Robot Framework as an enabler of automated testing was started
within a software project team, which was dedicated to the development of a
certain software component of a certain machine. The project started from scratch
in 2010 to make a software component that would eventually replace the existing
software component version in the future. The current project is from now on
referred to as “project X”. In the past project, there were already people that had a
kind of development culture where software testing was considered a high
priority. In 2008, the developers at the previous project started doing unit tests for
modules before the modules were created, thus leading to test driven development
(TDD). In 2010, a designer in newly established project X started using Robot
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Framework as a way and a framework to widen automated testing from unit level
also to component level.

However test automation proved to be much heavier of a task than what was
initially thought. When a lot of people within project X started to work on Robot
test automation framework, including developers, there were concerns in the
project’s management about the test automation framework’s architecture as it
seemed to not be in total control of the development team. That was why two
more people were hired to work solely on the test automation architecture, in
2011. Project X’s members however realized that other projects could use the
Robot test automation framework too, but only if there were separate, dedicated
resources to work solely on the test automation framework’s development and
maintenance. That’s why a whole separate software development team was started
in early 2012 to work on the Robot test automation framework (also referred to as
“TAT” from now on, see more in the following chapter 4.1.2). The development
of testing itself, including Robot test cases, remained as a responsibility of the
teams developing the component software.

Figure 14 describes the earliest phases of test automation at the projects under
study, before the test automation team (TAT) started in 2012. The figure excludes
all of the other software projects that have not been studied during this thesis work
(also the studied project Z as it started in 2012, see chapter 4.1.3.3 for more
information). It should be noted that some of the other projects may have done
test automation in some other form that has perhaps not been seen as suitable for
the projects under study for this thesis work.
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Figure 14. The start of Robot test automation at KONE SW Center within project
X.

4.1.2

Current overall status of test automation

Figure 15 shows how software testing should be divided inside KONE’s SW
Center and Software Test Laboratory (STL). In the figure, “dev teams” of the
project stand for “software development teams”. The levels of software testing,
bottom-up, have been declared internally as follows:


Unit testing
o

A single unit of a source code (typically a function or a method) works
properly.



Component testing
o

A software component meets its requirements and its interfaces behave
accordingly.
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Sub-system integration testing
o



Two or more software components are combined and tested as a group.

System testing
o

The whole system is tested with real hardware and software from a
user perspective. The parts that are not under test can however be
simulated.

o

System testing is done either by a) Software Test Laboratory (STL),
which is a department inside KONE’s research and development
(R&D) department; however it is outside of KONE SW Center or b)
system testing teams inside SW Center.



Release testing
o

Release testing is done 2-4 times a year to every software component.
It is done with different release candidate software builds and also
takes into account equipment installation and maintenance processes.

o

Release testing is done by STL. STL gives statements about the quality
of software and whether it is ready to be released to customers.

Figure 15. The division of testing between development projects at SW Center
and STL (only three selected projects shown at the picture).
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All of the three selected development projects have not been following the
division presented above, as especially one project’s component level testing has
largely been the responsibility of STL’s manual testing in the past and it is just
transitioning to the required level of test automation. The different levels of test
automation use have internally been divided to green, yellow and red. The green
level means that a project has a continuous integration (CI) system where every
time a developer makes a commit (change to the source code); the automated tests
start following a specific pipeline of tests. The pipeline consists of different
testing phases, and it only goes to the following level if the tests at a previous
level are passed. Several commits can be tested in parallel, and the tests are often
run on both personal computer (PC) and real machine’s hardware.

The projects in the yellow phase have some test automation; either a) they have
Robot tests to test the software but they may not be triggered from anywhere i.e.
new commit doesn’t start the execution of the tests, b) a new commit starts the test
executions but there is no specific pipeline of tests or c) don’t have enough
automated tests. The red phase of using test automation means that there may be
some tests which someone has to start manually, so it is not really in the realm of
continuous integration (CI). Table 3 summarizes the levels of test automation at
KONE SW Center.

The aim of test automation in the projects under study is that it covers all of the
testing levels defined in the list above. It doesn’t mean that everything would be
tested by automation, but there should be automation in all of the levels. Manual
testing is thought not to be diminished by test automation; instead manual testing
should have more time to test the things not tested by automation (either because
the test cases are so rare or too hard or impossible to do with automated testing),
which further leads to a better coverage of software testing. This point was also
discussed in the literature review of this thesis, in chapter 2.3.1.

The test automation framework is developed and maintained by a dedicated team
since early 2012 (also called as “TAT” team). Automated test writing is the
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responsibility of Scrum development teams, and TAT doesn’t make any tests
themselves, even though they assist the development teams on writing them if
necessary. There are people who install and update CI servers for each project and
people who write libraries and keywords for the Robot Framework. TAT currently
serves plenty of software development projects and laboratories where automated
testing is being made. Figure 16 illustrates the role of TAT team since its
introduction in 2012. It should, again, be noted that only the three projects under
study have been included in this figure.
Table 3. The levels of test automation at KONE’s software development.
Level

Description

Green

The project aims at TDD and has a CI system where automated
unit/robot tests are executed every time a new commit is made.

Yellow

Either the project
 Has plenty of automated tests which are executed only
periodically (e.g. weekly)
 Has only a handful of automated tests which are triggered by
a commit

Red

Either the project
 Has some automated tests which are executed manually
(when a developer / tester decides to)
 Doesn’t have any automated tests
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Figure 16. TAT team’s introduction to KONE SW Center and division of labor at
the studied projects since then.

4.1.3

Current status of test automation: project level

In this section there are three different KONE’s software projects and their
respective testing practices described, including test automation. These projects
have been chosen as case examples, because they are similar in size (number of
people working in the project), are somewhat comparable projects and they best
highlight test automation’s impacts on software development.
Projects X and Z are the ones at “green” level i.e. a good level of test automation,
while the project Y has been at the “yellow” level i.e. intermediate level,
transitioning to the green level as of April 2014. All of these software projects are
developing software that is still under construction and not released to customers
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in a large scale. Project level test automation covers the unit and component levels
of testing (chapter 4.1.2) of each project. The findings are based on interviews on
all of the different software project managers. Table 4 summarizes the
fundamental aspects of the projects and their test automation use.

Table 4. The projects selected for this thesis work and their use of test
automation.
Project

Description

Level

Project X

The pilot project of Robot test automation where it was Green
first started at SW Center. Test automation is used as an
integral part of everyday development work.

Project Y

Test automation was started in the midst of the project. Yellow
Automated tests exist but the project has had some
difficulties in the use of test automation.

Project Z

A relatively new project that started using Robot test Green
automation from the very beginning, two years after
project X was established.

4.1.3.1 Project X
Project X comprises three different development teams, which have 13,5 full-time
software developers and two automation testers as of February 2014 along with
other people who are working on the project. The use of Robot Framework was
started, as pointed out in chapter 4.1, as a pilot project within this project from
which the maintenance of test automation / continuous integration (CI) framework
was separated to the new TAT team in the early 2012.

All of the development teams at project X use Scrum as the development
framework, with sprints of two weeks aiming at a (mostly internal) software
release. Scrum has been the development framework since the beginning of the
project X, in 2010, and test automation has been used during the whole projects’
lifetime. There are in total two people who only focus on writing and maintaining
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component level robot tests. The developers have a habit of TDD, so that there is
at least unit if not Robot tests for all of the new code which is written before the
actual production code. The development teams also have the capability to write
libraries and keywords to Robot Framework, which are then reviewed by TAT, so
project X has the capabilities to do also the work TAT currently does.

The project is an example of agile testing (see chapter 2.4), as the automated unit
and Robot tests are executed every time a new commit is made. The project also
has a hierarchical pipeline of testing, presented in chapter 4.1.2. The tests are
executed about 5 times during a regular work day and 3 times during a weekend
so the number of test cycles in a year is about 1450. This figure doesn’t cover the
number of times the pipeline is stopped due to tests being failed at an earlier
testing level. Project X’s production code is also being tested by STL regularly, at
its most often when an internal software release is done but mostly more rarely
than that. STL tests the project X’s software that is no older than two weeks,
which equals the length of a single Scrum sprint.

As there was an earlier project working on the same kind functionality of a
machine as project X currently does, there could be a sort of comparative point to
the time when there was no test automation. The project had five developers and
one manual tester. Its development process was iterative as well but much
different than the current Scrum process: the team leaders assigned single defects
to the developers weekly. There was no other way to test the software than on the
real or “target” hardware at either STL or a little laboratory at SW Center, with
real machines or simulators of them.

There have been several advantages of both the development process and testing
processes with the current project X:


The change of process to Scrum has relieved the work load of the project
manager greatly as the teams takes more responsibility and there is no
need to task assignment as the teams decide it themselves.
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Communication between teams’ members is better than before.



STL doesn’t report that much defects in the software than they did before.



STL also doesn’t report the kind of defects which could have been found
already at the component level testing, inside SW Center and during the
everyday Scrum development process to the extent before test automation.

If the kinds of defects which could be found at SW Center do however appear,
there will be an automated test added to detect the same defect, so that it gets
found already inside the SW Center. There is a clear benefit of finding the defect
inside SW Center comparing to finding it at STL, and this topic is further
discussed in chapter 5.2.1.

It is however hard to make a comparison between the two projects because of
several reasons:


It is very hard to separate, which of the effects are due to the changes in
the development process (from previously described iterative process to
Scrum process) and which are due to changes in the testing process (from
manual testing to the introduction of test automation).



The functionality of the software that project X currently does is more
complex and there are more features in it (also more developers inside the
project) and thus the lines of code is eventually going to be greater.



There was more manual testing done to the past project’s software.

4.1.3.2 Project Y
Project Y comprises three different Scrum development teams, which all have
seven developers working full time. There are also in total four automation testers
which form an own automated testing team.

There has traditionally been many ways of testing the new software, i.e. when a
developer does new functionality or a defect fix, with an emphasis on manual
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testing. The software gets frequently tested at STL with machine simulators
during test/internal releases of the software, and STL’s testers add a new defect to
the defect management system if they find any during test case executions or ad
hoc testing (see chapter 4.1.4). Developers visit the STL site also frequently to
check out the functionality of their implemented features or defect fixes. A
traditional way for a developer to test software themselves is that they have a
physical simulator of a machine to test that a new functionality of defect fix is
done accordingly, or with a PC simulator. A lot of testing has thus been done
manually, either by STL or developers themselves. More information on defect
fixing can be found in chapter 5.2.1.

Project Y also has a CI environment that contains automated tests, which are
executed when a new commit is made. During 2012-2013 there have been too few
automated tests implemented (or at least constantly executed) that test automation
hasn’t produced as much benefits as it could bring (see chapter 5). A lot of work
has however been done to improve test automation in the project, and as of April
2014, it is close to being at the green level of test automation as opposed to yellow
level where it has been thus far.

Test automation in project Y is going forward all the time as tests are added to the
CI system. The problem has been that increasing the automated test coverage is a
slow process, especially as test automation has been started in the midst of the
software development project. The biggest problem of project Y’s testing has
previously been that new software has often breaked the functionality of previous
software. This is because as there hasn’t been enough automated regression tests
and thus much of those defects have then been detected by STL. STL also does
automated tests for project Y, but the testability of the software has previously
been seen as a detriment in terms of test automation; a point also mentioned in the
literature (see chapter 2.4).

As project Y is transitioning from yellow to green level of test automation use, it
is not chosen for this thesis work to stress the adoption of test automation at the
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project but rather because it is the best comparative project to project X. The
previous years (2011-2013) of project Y show how the software has been
manually tested in a comparative project with little or no test automation. Project
Y has also been chosen because it highlights the difficulties of starting test
automation in the midst of a project instead of adopting it from the very
beginning.

4.1.3.3 Project Z
Project Z is a software development project, which started its work in 2011.
Project Z has had about 15 developers and 3 full-time testers, which mainly focus
on test automation but also engage in some manual testing activities. The team
started to use Scrum in conjunction with test automation since the very beginning
of the project. The use of Robot test automation was relatively easy because of
many reasons:


The best practices of project X’s test automation use could be
implemented.



Project Z could partly use the same test libraries and test code that had
already been done inside project X.



The development team was very test-conscious and motivated to testing,
so there was no need to motivate them on test automation use.

Test automation is an integral part of project Z’s everyday work where the
developers pay constant attention to test results. TDD is used as a design
technique as much as possible, so all new code should have unit / Robot tests done
preferably before than after the code implementation. STL does release testing to
the software usually only before major releases, and during those release tests
STL has found only a handful of defects with low severity. The biggest benefits of
test automation inside project Z have been seen as follows:
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The team gets direct feedback from its development work with an estimate
of how much work there still is to be done.



The integrity of previous work done: confidence in old functionality still
working after new features, defect fixes or other kinds of rework.



Computers execute the tests at a much faster rate compared to manual
testing with much more test cycles; without breaks and during non-office
hours too.

Test automation in this project has become so essential, that the abolishment of it
would have serious consequences to the productivity of the project. Project Z’s
manager’s estimate is that without test automation, they could only have promise
20 % of the work project Z can do during the year 2014 with the current setup of
test automation. Project Z’s test manager’s estimate was that without test
automation, the team would use half of its time to test environment setups with
correct configurations i.e. work that is currently completely automated and
doesn’t need any human interaction at all.

Project Z is a good example of a new software project using Robot test
automation in their everyday work from the get-go, with motivated test-oriented
people who put high value to the test results. It shows that a new project can adapt
to the test automation practices easily with right-minded people. It also shows that
the work of project X and TAT has indeed been benefiting all development
projects with test automation, so that TAT is fulfilling its existence as a service
unit at SW Center.

4.1.4

Current status of test automation: release test level

Release testing is done at KONE’s Software Test Laboratory (STL) with different
simulators of machines that are as close to real machinery as possible: all
hardware is equal to what goes to the customer too. STL is a separate department,
outside of SW Center, which gives statements about the quality of the software
and whether it can be used in real machines sold to the customers. STL tests all
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software that is developed inside SW Center and its release testing is a mandatory
level for all of the software that is going to be released to the customers.

The software testing at STL is done both manually and with test automation.
Manual testing can be divided to manual test case executions and ad hoc testing.
Manual test cases are written and executed by different people: test writer writes a
test case based on requirements of the software and test executor executes the test
case following an ordered list of test steps, constantly following the functionality
of the software during the test case execution. If the software doesn’t work the
way that the test case states it should, a test case where the defect was found is
often repeated with different machines to check, whether the defect is
reproducible and eventually a defect is added to defect management system. Adhoc testing is exploratory manual testing of the software which is not related to
any test case, and it is a responsibility of every tester to do ad hoc testing too
besides manual test executions.

In regards to the software components that get tested at STL, there is a clear
difference between the projects that have used test automation as a part of their
everyday work (“green level” projects) and the ones that haven’t (“yellow”/”red”
level projects). Software quality is overall better in the green level projects: there
are fewer defects and virtually no “silly” mistakes and such situations where
nothing works, which is because those kinds of defects are already found inside
SW Center by the automated testing pipeline. A comparison of typical defects
found at SW Center and STL is done in chapter 5.2.1 to highlight the necessity of
early defect notification in the case of KONE.

The problems related to test automation at STL are have often been related to
testability of the software, which also literature (see chapter 2.4) regards as an
important thing if test automation is to be done in the company. If the software
isn’t designed as suitable for test automation since the beginning of the project, it
is difficult to make automated tests. At project Y it has required a lot of work to
make testability to the software so that one could see why the test cases fail in the
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first place. Therefore there has previously also been no point in constant execution
of automated tests of that project at STL, which also diminishes the benefits of
automation significantly as repeatability and regression testing are missed (see
chapter 2.3.1).
The future goal of STL’s testing, in regards to the three project under study, is to
have most of the manual (regression) test cases automated, which would save time
to exploratory / ad hoc testing, thus increasing the overall test coverage of the
software. The role of the three projects’ testing at STL would also be shifted
towards exploratory testing of the software, and new automated test cases would
be added whenever a new defect was found during ad hoc testing, also increasing
test coverage. Without automation, there simply isn’t time to execute these tests at
a necessary rate to ensure quality, because as pointed out in chapter 2.3.1, new
functionality increases the number of test cases and to ensure that everything
works after changes to software, everything should also be tested. So if there is no
significant increase in resources dedicated to manual testing, the amount of testing
in comparison with all tests ultimately decreases as there are more tests to be
executed. This can however be solved with automation, as the execution of
automated tests requires no human interaction and the tests can also be executed
during non-office hours.

4.1.5

Discussion in regards to cost-benefit analysis

To make a cost-benefit analysis of test automation at the software development, it
is needed to either:

a) compare the current automated testing and development process to a
situation where there would be only manual testing (“green projects”) and
b) model the possible costs and benefits of applying test automation the same
way as “green” projects do (with the current “yellow projects”).
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That is why the calculations are made separately to three different software
development projects presented in chapter 4.1.3. To make the calculations it is
needed to place monetary values on both the cost and benefit sides of the
equation. The costs of test automation emerge from things that occur in the
company due to test automation. Those include:

a) costs of TAT team that need to be divided to the three different
development projects (chapter 4.2.2) and
b) costs of automation testers at the three projects (chapter 4.2.3)

A question however remains over whether the time developers spend on test
automation related activities should be considered as costs of test automation.
These calculations don’t consider that as such because of the following points:


The number of developers would be the same with and without test
automation; they would spend their time differently if only manual testing
was done.



The relationship with the amount of testing and productivity of software
development remains unclear
o Developers and other people at the projects’ software development
however found that test automation is important for productivity
(see appendix 2).

The benefits of test automation emerge from:

1. time savings and work years saved when manual test case executions are
replaced with automation
2. positive effects on efficiency of software development
3. possible monetary benefits of time-to-market
4. manual testing effort gained from reorganizing the work of STL
5. possible increased software quality at field (products in use of the
customers)
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Because Robot tests are essentially acceptance tests, they can be considered in this
instance the automation tests that replace manual testing activities. If automation
was no longer used in these projects, the tests would have to be executed
manually the same way as with processes that don’t use automation to ensure the
same quality as without automation. It however wouldn’t be enough to replace
automation, because developers would have feedback about their work at a much
less frequent rate (see chapter 5.1). It can also be estimated, that without
automation, the developers wouldn’t consider testing at the same intensity as with
automation. To estimate the potential cost savings of test automation, there still
needs to be some kind of alternative scenario modeled where current automated
tests would be executed manually. Chapter 5.1 discusses this point further.

As literature cites avoidable rework as a major time-consuming activity in
software development, the amount of rework between projects that use test
automation and those that don’t is considered as positive effects of test
automation, as it is assumed that test automation leads to earlier notification of
defects and thus less rework. The best way of measuring point number 2
(productivity of software development) between development projects would be
to compare the weighed backlog items between different projects (which is
already done at SW Center), but as the value of a single story point differs
between projects, it cannot currently be used.

Lines of code (LOC) are sometimes used to measure the size of an application,
but it is a bad measure of productivity because of multiple reasons. LOC only
describes the size of production code but does not imply how much functionality
it actually entails. If LOC was used as a measure in software productivity, it could
potentially lead to huge applications in relation to their actual features, which is
often not desirable, quite the contrary. The way of measuring avoidable rework at
projects in this thesis is discussed in the beginning of chapter 5.2.
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Point number 3 is briefly discussed in chapter 5.2.2.2. The monetary value of
point number 4 is calculated by estimating, how much more manual exploratory
testing STL can do regarding the studied projects with current resources as much
of the test case executions can be done with automation. As already stated in
chapter 1.3, point number 5 is not discussed during this thesis for confidentiality
reasons. The estimates of all of the points discussed above are limited to cover 5
years in the future, to year 2019. That is because it is hard to make an estimate of
KONE’s software development, the current projects under investigation and the
overall future of IT further ahead. The use of test automation will however almost
certainly continue after that point too.

4.2 Costs of test automation
4.2.1

Test automation system team (TAT)

Robot test automation system team (also called TAT) was introduced in early
2012. As pointed out in chapter 4.1.2, TAT updates the continuous integration
(CI) systems that all of the software development teams (that utilize Robot test
automation) use. There are basically two functions that TAT team does: a)
updating the test automation framework and b) setting up and maintaining CI
systems for each project. TAT also provides support and education of automated
testing when needed. Testing is a supportive activity in software development, as
cited in literature section (see chapter 2.2) and TAT team can also be considered a
supportive team, which doesn’t have an own product to sell to the customers. It
instead helps development projects at developing their respective products.

The costs of TAT include labor costs of the developers and managers in the team.
It is assumed that everyone in the team works 1 680 hours/year and the (fictional)
cost of a work hour is 20 €/hour. Even though TAT team was established in 2012,
it is assumed that two people who were working at project X essentially did the
same kind of work TAT currently does, as they were moved from project X to
TAT team after its establishment. The physical assets needed to provide Robot
test automation are considered insignificant to the CBA of test automation. They
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include for example computers of developers and automated test environments,
which would be needed even with manual testing to provide a) personal
computers for manual testers and b) manual testing environments (i.e. real
machinery to test the software). The most essential IT systems to provide test
automation like Jenkins (continuous integration tool) and Robot Framework (test
automation framework) are open source and don’t generate any costs for the
company.

The division of labor at TAT team between development projects has been
estimated inside TAT during years 2012 and 2013. It is an estimate based on
which projects TAT has served, and that estimate is based on the number of
stories i.e. tasks or backlog items that different projects have ordered TAT team to
do. The stories have been weighed to correspond to the real amount of work that a
single story has required the team to do. There are also a lot of tasks which benefit
all projects in Robot test automation use and these are listed under the name
“Common”, which are divided to development projects based on the cumulative
work of TAT as of January 2014.

The costs of TAT regarding the three projects under study are presented in table 5,
and all of the other projects have been excluded from the table. There are also
some costs of STL included, as they represent the work TAT has done to enable
projects X, Y and Z’s automated testing activities at STL. It is assumed, for
simplicity, that all of the test automation developers’ work in the year 2011 was
allocated to only project X even though they also made work that would fall under
the “Common” category. It can be seen, that the total costs of these projects
decrease from 2012 to 2013. That is because as the projects’ maturity in test
automation use increases, TAT doesn’t need to invest its human resources to these
projects in the same scale as for example in 2012.

Table 6 shows the figurative number of people at TAT working on these three
projects’ test automation framework maintenance both at the projects and at STL.
They are calculated by dividing the costs by 33 600 € (the fictional cost of labor
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of a single worker, calculated in chapter 1.4). It should again be noted that the
total number of people working for these projects doesn’t represent the total
number of people working for TAT; that figure is significantly higher.

Table 5. TAT’s costs divided to the development projects X, Y and Z and their
automated testing at STL.
Project
Project X
Project Y
Project Z
STL
Total

2011
67 200 €
67 200 €

2012
171 864 €
34 552 €
28 644 €
5 208 €
240 268 €

2013
102 816 €
60 480 €
30 240 €
30 230 €
223 766 €

Table 6. Figurative number of people at TAT working for the projects’ Robot test
automation framework both for the studied projects and for STL.
Project
Project X
Project Y
Project Z
STL
Total
4.2.2

2011
2,0
2,0

2012
5,1
1,0
0,9
0,2
7,2

2013
3,1
1,8
0,9
0,9
6,7

Automated test creation in the development teams

As pointed out in the earlier chapter, the responsibility of the actual automated test
creation lies in the development teams; TAT team doesn’t take part in unit or
Robot test creation. However, some of the more advanced teams do also write
libraries in the Robot Framework for TAT to review. Here are the results from
book keepings and the conducted survey (see appendixes 1-2) of test automation
use in the studied development teams.
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4.2.2.1 Project X
The people of project X’s Scrum teams were asked to keep book of the time use to
test automation within a single sprint at the end of November 2013. The different
activities of test automation were divided to:


New tests
o Unit tests
o Robot tests



Maintenance of old tests and other work related to CI systems

The results (presented in table 7) show that the total time of test automation
related activities took 46 % of the developers’ total work time during this
timeframe (November ’13). The results from the conducted survey however show
a significantly smaller percentage of developers’ time to automated testing
activities (17 %), with the special note that developers estimate to spend
significantly less time to new Robot tests than in the book keeping of November
2013.

The time consumption to new unit tests can also be considered as a part of
everyday Scrum activity, which includes test-driven development (TDD).
Therefore the writing of unit tests is something that developers should do even
without test automation, even if unit tests are a part of the pipeline that gets
executed every time a new commit is made. If unit tests are excluded from the
calculation, the time use to test automation within the project would be 35 % or 11
%. The two people who are dedicated to test automation were excluded from the
calculations, as they use all of their work time to Robot tests and their
maintenance.
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Table 7. Estimates of project X’s developers’ time use to different test automation
activities.

Activity

New
unit
tests

New
robot
tests

Maintenance, other
test automation
related work

TOTAL

November ‘13
Conducted survey

11 %
6%

18 %
3%

17 %
8%

46 %
17 %

Activity November ‘13
New test writing
29 %
New robot tests + maintenance of old tests
35 %

Survey
6%
11 %

The costs of test automation at the project are divided to the costs of testers (table
8) and the costs of developers based on the book keepings of November 2013
(table 9). The figures are summarized in table 10. There are several things to note
about these numbers. First, the project itself started little by little from March
2010 and also the number of people both developing and testing the software
increased every month, reaching the peak at the end of the year. Second important
point is that there was no TAT team before 2012, and project X contained people
(especially test automation dedicated) that were moved to TAT team when it was
established. There were two people in 2011 writing libraries and updating the CI
system, thus basically doing the work that TAT currently does. These people are
excluded from these costs and moved to TAT’s costs as presented in chapter
4.2.1.

Before 2012, the costs of developers to test automation have been estimated as 40
% of their total work time. It is a bit higher than 35 %, which is the percentage
estimated from book keeping results, as prior 2012 developers used more of their
time to test automation than they do now that the TAT team is doing much of the
common test automation framework development.
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Table 8. Nominal costs of test automation dedicated people at project X.
Year
Costs
People

2010
42 000 €
1,25

2011
100 800 €
3

2012
67 200 €
2

2013
67 200 €
2

Table 9. Nominal costs of developers and their work divided to test automation
(TA) at project X.
Year
Costs
People
Time to TA

2010
235 200 €
7
40 %

2011
420 000 €
12,5
40 %

2012
487 200 €
14,5
35 %

2013
487 200 €
14,5
35 %

Table 10. Nominal costs of test automation at project X (allocated TAT costs
excluded).
Year
Developers
Testers
Total

2010
94 080 €
42 000 €
136 080 €

2011
168 000 €
100 800 €
268 800 €

2012
170 520 €
67 200 €
237 720 €

2013
170 520 €
67 200 €
237 720 €

The costs presented above are however also something to question in regards of
cost-benefit analysis of test automation, especially the test automation costs of
developers. If there was no test automation, the number of developers and the
direct costs of them wouldn’t drop; developers would just use the time that they
now use to test automation to other (manual) testing and development activities.
This most probably wouldn’t speed up the development process, quite the
contrary, as the feedback loop would be much longer with manual testing. The
time used to test automation is also something that is beneficial at later stages of
development, every time a new commit (change in the software) is made, because
every commit needs to go through all automated tests. The developers of project
X also considered test automation to be important to the productivity of software
development (see appendix 2).

The time use and costs of test automation of developers is thus considered
“business-as-usual” and they are not actual costs of test automation. Instead they
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represent an alternative way of doing software development and, as the further
chapters discuss, the way that developers should conduct their work with in agile
software development. This is why, in this thesis, the time use of developers
dedicated at test automation is not considered as costs of test automation.

Appendix 4 shows the estimated number of automation testers and their costs at
project X also during years 2014-2019. It is estimated, that the number of them
stays the same (two people).

4.2.2.2 Project Y
Project Y has four automation testers in total as of March 2014. The costs of
testers are calculated in this instance the same way as with project X. Table 11
shows the number of automation testers and their costs during years 2012-2014.

Table 11. Automation testers and their costs at project Y.
Testers
Costs

2012
4
134 400 €

2013
3,4
114 240 €

2014
4
134 400 €

It can be noted that project Y has had relatively large number of automation
testers (for example when comparing it to project X), which raises the question
why it has had struggles related to automation testing and has had to rely on
manual testing also on the component level testing. One possible explanation is
that test automation was started in the midst of the project and testability has
perhaps previously not been taken into account in the architecture of the system in
the degree that would be necessary for test automation (see chapters 2.4 and 4.1.4
for more information).
Another reason for project Y’s struggles related to test automation is that even
though project Y has had over 1600 automated tests (as of March 2014), they
have taken approximately two days to execute (compare with project X in chapter
5.1.1) and they have thus been executed once every week. They are thus not in the
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realm of continuous integration (CI) like the automated tests of project X and
project Z. The tests are also perhaps designed to be maintainable, as on some
occasions a lot of tests have had to be altered due to a small change in the
software. Automated test maintainability is also an issue which was briefly
addressed in chapter 2.4 regarding the pitfalls of test automation.

4.2.2.3 Project Z
As of March 2014, project Z has three testers which participate on both automated
and manual testing activities. That is why it is estimated that 30 % of testers’ time
goes to manual and 70 % to automated testing activities. Table 12 shows the
number of testers and their respective costs allocated to automated testing.

Table 12. Automation testers and their costs at project Z.
Year
Number of testers
Costs of testers
Automation’s share
Costs of TA

2012
3
100 800 €
70 %
70 560 €

2013
3
100 800 €
70 %
70 560 €

2014
3
100 800 €
70 %
70 560 €

Table 13 shows project Z’s developers’ estimate on the conducted survey based
on how much time they spend on automated testing activities. The percentage of
what in this instance is considered test automation (new Robot tests + test
maintenance and test framework maintenance) equals the amount of automated
testing at project X in the book keeping of November 2013. The large emphasis
on test automation may be a reason why project Z has succeeded in its test
automation activities. However as already stated in chapter 4.2.2.1, developers’
time spent on test automation is not considered a real cost of test automation, as
also project Z’s personnel considered test automation to be important to the
productivity of software development (see appendix 2).
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Table 13. Estimates of project Z’s developers’ time use to different test
automation activities based on the conducted survey.
New unit tests

New robot tests

6%

14 %

Maintenance, other
test automation
related work
21 %

TOTAL

New test writing
New robot tests + maintenance of old tests
4.2.3

41 %
20 %
35 %

Summary of test automation’s costs

Table 14 summarizes the costs of automation testers at projects X, Y and Z. These
are the only costs that are considered as occurring at the projects due to test
automation. Developers’ time spent on test automation is not considered as costs
because of the reasons addressed in chapters 4.1.5 and 4.2.2.1. Table 15
summarizes the total costs of test automation at the projects, consisting of
automation testers and TAT’s allocated costs which were presented in chapter
4.2.1. These costs have to be balanced out by the gained benefits, which are
addressed at the following chapter 5.

Table 14. Nominal costs of automation testers at the projects X, Y and Z.
Year
Project X
Project Y
Project Z
Total

2010
42 000 €
42 000 €

2011
100 800 €
100 800 €

2012
67 200 €
134 400 €
70 560 €
272 160 €

2013
67 200 €
114 240 €
70 560 €
252 000 €

2014
67 200 €
134 400 €
70 560 €
272 160 €

Table 15. Yearly nominal costs of test automation at development projects.
Year
Project X
Project Y
Project Z

2010
42 000 €
0€
0€

2011
168 000 €
0€
0€

2012
239 064 €
168 252 €
99 204 €

2013
170 016 €
174 720 €
100 800 €

2014
151 200 €
235 200 €
114 240 €
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5 BENEFITS OF TEST AUTOMATION
5.1 Testing effort saved due to automation
This section makes an assessment on test automation’s profitability in the most
obvious and widely cited aspect: time and effort saved due to automating test
cases instead of executing them manually. Test automation’s profitability is in this
aspect often assessed at literature by evaluating the effort to make and maintain an
automated test and comparing it to doing the same thing manually. However, as
test automation is already widely used at KONE SW Center and the costs and
effort on making automated tests are already known and estimated in chapter 4.2,
this section reverses the question of “is it worth automating the tests” to “what if
everything had to be done with manual testing?” So in this instance, only the
effort to make and execute tests manually is considered.

The execution of a manual test or an automated test is a completely different
process (see chapter 2.5). Automated test execution (and reporting of the test’s
result) doesn’t need human effort whereas a manual test execution needs a manual
tester to pay attention to how the software works against the test case’s
requirements. In the case of a defect, the tester also needs to figure out what went
wrong and write a defect report to the defect management system (see chapter 5.2
for more information on defects). Because of this and the fact that the time to
execute a single automated test – especially in a simulated environment – is so
short, the cost of executing a manual test is not compared to an automated test
execution as the cost of executing an automated test is insignificant (see chapter
5.1.1).

The amount of time that a single manual test case takes to execute is estimated
with STL’s personnel based on release tests that were conducted to project Y’s
major releases, which occur mostly 2 to 4 times a year. For example, in one final
release test set:
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29 workdays were used to test the software



4,5 manual testers were working on it full-time (= 7,5 hours a day)



Number of manual test executions was 877



The total number of work hours was 978,75 h and thus, it took 1,12
hours/test

Another release test analysis showed, that it took 1,06 hours to execute a single
test, and thus 1,1 hours / test execution is used as a number of how much project
Y’s single average manual test takes to execute. With projects X and Z, 1,5 hours
is used as the figure instead as their tests take a bit more time to execute. Table 16
summarizes the estimates of how much a single manual test takes time to get
executed. It must be noted, that “execution” in this instance consists of test
environment setups, test analysis, report writing and all other manual testing
activities as well; all of this time is just divided to the execution of a single test.
All of the STL’s manual test executions related to a single release cycle can be
achieved from the manual testing and defect management system QC. It showed
that at project Y, which has traditionally used a lot of manual testing effort at
STL, an average test has had to be executed many times during a major release
cycle. During two releases, an average test was executed 5,6 and 6,2 times, which
is why during the calculations of following chapters it is assumed, that a single
manual test has to be executed 6 times / release.

Table 16. Estimates of how much time the execution of a single manual test takes.
Project
X
Y
Z
5.1.1

Hours / Test execution
1,5
1,1
1,5

Project X

Project X’s CI system (Jenkins) contains in total 744 automated Robot tests as of
April 2014, which take approximately 6 hours and 10 minutes to execute if the
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execution round goes through all of the tests. This includes compiling the
software i.e. time that it took to make software builds, unit tests and Robot test
executions with four different environments. That means that a single automated
Robot test takes about 30 seconds (0,0083 hours) to execute, if all of this time was
divided to Robot tests only, which is virtually insignificant when comparing the
figure to 1,5 hours with manual testing (see table 19). The number of Robot tests
in years 2010-2019 have been estimated in table 17 and figure 17 illustrates how
the number of them progresses over the years. The reason why the rate of new
automated tests is estimated to stagnate over the following years is that at some
point the software is released to customers at a large scale and the number of new
features – along with tests – is going to stagnate as well.

The tests are executed, as stated in chapter 4.1.3.1, every time a new commit
(change in the source code) is made, and several software versions can be tested in
parallel. All automated tests are however run mostly 5 times a day (from Monday
to Friday) and three times a weekend, which means that the number of test cycles
a year is about 1450. It must however be noted that besides the estimated 1450
test sets a year where all automated tests are executed, there are multiple number
of commits where only some of the tests are executed, because of failure(s) before
the final test set; if some earlier testing phase fails to execute, the tests in the latter
phases don’t get executed at all.

Table 17. Projected number of Robot tests over time at project X.
Year
2010
2011
2012
2013
2014

Robot
tests
60
230
403
575
744

Year
2015
2016
2017
2018
2019

Robot
tests
920
1110
1224
1292
1330
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Figure 17. A scenario of the number of Robot tests executed per a release cycle,
presented in table 17.

If test automation was abandoned, the tests currently executed through automation
would have to be executed manually in order to maintain software quality. Thus,
if all current automated tests were be executed manually, it would take 1 116
hours or 0,66 work years (1 680 hours/year) to execute the test set a single time. If
the test set was executed manually as many times as with automation, 1450 times,
it would take a staggering 963 work years. It is thus simply not possible to replace
automated testing, at least if considering the equal amount of regression testing
which can currently be achieved through automation. The calculation highlights
the fundamental reason why people use computers in the first place: a computer
can execute millions of calculations in a second and thus, much faster than what
can be manually achieved. Besides that, several computers can be used to execute
tests in parallel, which is currently done also with KONE’s Robot test automation.

A more realistic manual testing solution would be to execute the currently
automated tests during the time of major releases with the variables presented in
table 18. If we assume that each test had to be executed 6 times on average and a
single test execution takes 1,5 hours, then a single test set execution would take
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about 6 700 hours or 4,0 work years. Table 19 shows the costs of testing 744 tests
of project X manually with different number of releases a year, and, thus, the cost
savings due to automation, because these tests are indeed the ones that can
currently be executed with automation. An interesting perspective on these cost
savings is shown at the rightmost column in table 19, as the cost savings of
automation are related to calculated costs of test automation (TA) at the project in
the year 2014. With the variables of table 18, the cost savings of automatically
executing the tests is enough to cover the project X’s total test automation costs
presented in chapter 4.2.4 already with two releases.

The last rows of table 19 show the same figures with 12 and 24 releases a year. It
gives a hint on the required level of testing with agile software development,
where the length of a single sprint is often either two weeks (= 24 sprints / year,
which is the case at most of KONE’s software projects) or four weeks (= 12
sprints / year). Even this level of manual testing wouldn’t however be equal to the
so called “extreme” feedback developers currently get with automation at their
computers screens, right away after they’ve made changes to the software. This is
because even with the hypothetical 95,7 manual testers, the number of test set
executions would be 24 * 6 = 144, which is far less than the current 1450 times
which can be achieved with automation – excluding the number of times the
automated testing pipeline is stopped in midway due to a failure.

Table 18. Variables used to calculate cost savings of test automation in table 22.
Tests / Release test set
Executions / test
Hours / Test execution
Cost of a work hour
Work hours in a year

744
6
1,5
20 €
1680
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Table 19. Cost savings of test automation in terms of test executions at project X.
Releases
1
2
3
4
12
24

Work
years
4,0
8,0
12,0
15,9
47,8
95,7

Cost
savings
133 920 €
267 840 €
401 760 €
535 680 €
1 607 040 €
3 214 080 €

Savings vs. TA
costs (2014)
0,9
1,8
2,7
3,5
10,6
21,3

Project Z uses test automation in the same way as project X does, which has
arguably lead to similar kinds of cost savings from manual testing effort. As
project Z’s cost savings due to automation can be evaluated in the same way as
with project X, they are done in appendix 6.

5.1.2

Project Y

Project Y has, as of early April 2014, two separate automated testing
environments. The other one has 33 Robot tests which are executed as frequently
as with project X (every time a change is made to the software). The other Jenkins
environment has 1689 automated tests, which are executed every weekend and
take the entire weekend to execute. As already stated in chapter 4.2.2.2, these
cannot currently be considered to be a part of CI due to them being executed
relatively rarely, even if it is a lot better than having no automated tests at all. Due
to the rare rate of executions (compared with project X’s automated tests) and test
maintainability issues, the automated tests haven’t thus far really decreased the
need of manual test executions even at the simple “smoke test” level and despite
the large number of automated test cases, they haven’t produced benefits of the
same scale as project X’s constantly executed and continuously maintained tests
do.

The benefits of test case executions do therefore need to be considered differently
than with project X. The question is: what kind of cost savings can be achieved,
when project Y’s automated tests and their maintenance are handled in the same
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way as with projects X and Z? That is when benefits and cost savings can occur in
the same sense as simulated in table 21. It shows the estimated number of
automated tests in the years 2014-2017 and savings in terms of costs and work
years when they are related to testing everything manually (with the variables of
table 20).

As the figures of year 2015 onwards show, the cost savings easily cover the test
automation costs of project Y presented in chapter 4.2.3. The amount of saved
work years are actually relevant and quite close to the total number of people that
KONE’s STL would need to hire more in the future to make manual testing for
this project, if everything was done manually in project Y. If project Y adopts the
test automation practices of “green” level (see chapter 4.1.2), STL can probably
cope with current resources in regards to project Y. The figures don’t suggest that
everything should be tested with automation and that there wouldn’t be a need of
manual testing. Instead the figures suggest that project Y should continue with its
current efforts to adopt the test automation practices of green level, which would
leave STL more time to manual exploratory testing of both project Y and other
projects X and Z (see chapter 5.3 for more information).

Table 20. Variables used to calculate cost savings of test automation at table 21.
Executions / test
Hours / Test execution
Cost of a work hour
Work hours in a year

6
1,1
20 €
1 680

Table 21. Nominal cost savings of test automation in terms of test executions at
project Y.
Year
Tests / release
Work years
Cost savings
Savings / TA costs

2014
500
4,9
165 000 €
0,7

2015
1 300
12,8
429 000 €
1,5

2016
1 400
13,8
462 000 €
1,7

2017
1 500
14,7
495 000 €
2,1
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5.2 Effects on software and process quality
5.2.1

Comparison of software defects found at different locations

As the literature review in chapter 2.3.2 showed, a defect is easier and cheaper to
find in the earlier phases of development and rather before than after customer
release in a typical software development process. This section focuses on
software defects and their fixing processes at KONE’s software development and
thus aims at investigating, whether it is beneficial to find a defect in the early
stages of development and inside Scrum development teams. The most important
scenarios of finding defects and their respective defect fixing processes are
described in the following chapters. In simplification, a software defect can be
found:

a) in-house
a. inside SW Center
b. at STL
b) at field

5.2.1.1 Inside SW Center
The normal procedure for a defect found during sprints is that it is fixed
immediately when it is found, by the developer who found it. Some minor defects
are added to VersionOne as a minor task inside a bigger task which contains
minor defects found during the sprint. Sometimes defects found during sprints
persist over a single sprint and are thus added to VersionOne as a task, which is
then treated like any other task in the product/sprint backlog. When a defect is
fixed, Scrum master verifies it and marks it as “Closed”. Figure 18 shows the
procedure of a defect fix found at SW Center. Note that all of the defect fixing
activities can be done inside the Scrum development teams.
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Figure 18. Defect fixing process when the defect is found at SW Center.

A defect found at SW Center during the Scrum sprints (of normally two weeks) is
considered a part of the normal daily development process. Therefore the defects
found during sprints are not added to defect management systems like HP Quality
Center (QC) or VersionOne, unless the defect persists over a single sprint. Thus
there is no data of the number of defects found during everyday development
work, through automation, unless a defect persists over a single sprint (two
weeks).

5.2.1.2 At Software Test Laboratory (STL)
The process of finding a defect at STL and fixing it is illustrated in figure 19.
When the defect is found by Software Test Laboratory (STL) during manual or
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automated test case executions or ad hoc testing, it is added to the common defect
management system QC. The added defect must at least have information on:


An estimate of which component and subcomponent of the system the
defect was found in



Which software and its version it was found in



Description of the defect



Severity of the defect



How likely it is to appear at field

When a manual tester at STL notices the defect, he/she must estimate which
component or subcomponent of the machine was responsible of the defect,
because there are many combinations of different subcomponents and it is always
not clear, which software component actually caused the defect. That is why when
STL has added the defect to QC, product owner (PO) of the software project
notices it and reviews it on whether it belongs to the specified project in the first
place. Then the PO usually adds it as a task to Scrum management system
VersionOne. Sometimes, due to a large number of defects, there can even be
decisions to fix a certain defect only in the following release, which has
previously happened at project Y from time to time. There can thus be meetings
of the project management on what defects need to be fixed during a release cycle,
and a defect can thus even persist through many of these meetings if the fix is
even further delayed.

A developer often has to visit STL site to see how the defect has happened, i.e. to
reconstruct it, if the development team members themselves can’t figure out what
exactly happens based on the defect report written by STL. The total time used to
adefect fix varies a lot, based on how difficult it is to fix or whether multiple
people have to be involved in fixing it. However, a significant difference of STL
found defects compared to defects found at Scrum sprints by development teams
themselves is that during the sprints, the code and its functionality is usually fresh
in the mind. If a defect is found at STL, developer may have already forgotten
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how the code works and needs to figure out how it works first before they can
even start fixing it. This is even more evident in the cases where a specific defect
fix is delayed until a next release, due to the defect fix being considered relevant
only in the following release and/or a large number of open defects leading to
mandatory prioritization of defect fixing activities.

Figure 19. Defect fixing process when found at STL.
After a fix is done, the developer who fixed it marks it as “Fixed” or “Done” at
QC / VersionOne. Then a tester at STL has to verify that the defect fix actually
works through the test case execution where the defect was found in and mark it
as “Closed” if the fix was properly done. There are thus many reasons why it is
better to find defects inside SW Center, during every day Scrum development
work:
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No need to analyze, which component or subcomponent of the machine
causes the defect



Automation creates a report / log of the defect



The code that needs to be fixed is more likely to be fresh in the mind



The verification of defect fix can be done inside Scrum teams
o less people and thus workforce needed at defect notification and
fixing process



If the project uses test automation accordingly, verification of the fix can
be done with an automated regression test set
o ensures that the defect fix didn’t break any other functionality
o this is usually the case with defects found at STL too

The developers of all three software development projects at Hyvinkää considered
the fix of a defect found at STL to be multiple times more time consuming than a
defect found anywhere else in the development process, with possible customer
pilots excluded from the inspection (see appendix 2). The developers also found it
important to find a defect as soon as possible, and before STL finds it.

5.2.1.3 At field
The rare defects found at field are different to the ones described above in that
they are found outside of KONE’s software development, by the customers. If a
customer notices and reports the defect, it creates a “call out” i.e. a report of a
defect of the machine in use. This thesis doesn’t attempt to address software
quality of the machines in use or any kinds of software defects that may or may
have not occurred at field, and as the projects described at this work are not in
large scale production use yet, there is not enough data on their software quality
yet. It is however easy to imagine roughly two kinds of scenarios of software
defects occurring at field based on their severity:

1. A minor or cosmetic defect: fixed at the next release
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2. A major defect: fixed immediately and software updated to a number of
specific machines in use
Scenario 1 doesn’t essentially differ from the defect found at STL, except that
there are no meetings on whether to fix the defect until next release as they are
fixed regardless. Scenario 2 differs from the process in that the defect fix could
stop the whole development process of a project to dedicate their time to the
defect fix. The cost of updating the software to different machines by a
maintenance worker has been assessed internally, but due to confidentiality
reasons it is not addressed during this thesis. However, it can be said that the cost
of updating the software for example to even a relatively small number of certain
machines exceeds the yearly costs of the whole TAT team (not addressed during
this thesis work). This only includes the act of updating the new version of
software manually by a maintenance worker to a number of machines and not the
work needed to fix the defect, which is likely to be multiple times costlier than an
average defect found before customer release (see chapter 2.3.2).

Therefore, a software defect at field can be estimated to be not only significantly
harder and therefore costlier to fix, but also costlier in the sense that the software
might need to be updated manually to a number of machines – a point already
addressed in chapter 1.2. Such situations do happen in software development of
embedded systems in general, and such defects can be even newsworthy. A
catasrophic example of defects occurring at embedded systems can be found at
General Motors, whose different defects during the year 2014 have resulted in
repairing 6,3 million cars, costs of 545 million euros to the company and even
losses of life (Taloussanomat, 2014). Even though it is not clear whether the cause
of these defects was software or some other reason, it shows an extreme example
of why it is important to find defects before the products are at use, especially
with embedded systems.
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5.2.2

Development-time defects of different projects

As established based on literature (see chapter 2.3.2) and chapter 5.2 above, it is
beneficial to find a defect as early in the development process as possible and test
automation helps find defects at the earliest possible moment during construction
time. One of the main reasons for that is the early fault detection when CI system
executes the automated tests and gives fast feedback to developers. It also ensures
that the changes in the code don’t break any functionality. It raises a question
whether the projects that use test automation at KONE SW Center with the
practices of “green” projects (chapter 4.1.2):


Have less reported defects than yellow or red projects and



Spend less time on defect fixing activities

These two points are investigated and discussed at the following chapters 5.3.1
and 5.3.2. As stated in chapter 4.1.2, project X is considered to be in the “green”
category of test automation whereas project Y has, until April 2014, been in the
“yellow” category, i.e. there has been automated testing but not nearly enough and
all of the automated tests haven’t been executed every time a new commit has
been made. These projects are again measured against each other as they highlight
different processes of testing, are somewhat comparable projects in terms of the
project size (in the number of developers) and thus give a hint on test
automation’s profitability. Project Z’s numbers of defects are not analyzed here,
as their defect management process differs too much from projects X and Y. The
results from a conducted survey are however considered from all of the projects.

Defects can be either reported or non-reported at SW Center. Reported defects are
usually either the ones found by STL or the ones that have prolonged over a single
sprint. The majority of defects that are found and fixed at SW Center don’t get
reported, as they are corrected during the two-week sprints, because they are
considered to be a normal part of every-day software development. In this section
the numbers of reported defects i.e. the ones that are either a) found at STL or b)
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prolonged over a single sprin,t are analyzed between the two projects, X and Y.
These defects are stored in the defect management systems QC and VersionOne.

These defects are thus, in this instance, considered to be avoidable rework of the
projects or faults that “slip” through in the testing process (see chapter 2.3.2),
even though all of the defects found by STL are not ones that could have been
found earlier at component testing level of SW Center. The analysis of “faultsslip-through” (see chapter 2.3.2) was however considered too time-consuming in
this thesis as it would’ve required the analysis of every single defect that has
occurred by an expert of both of the software projects under study. This is why it
is simplified that the time use of fixing reported defects is considered avoidable
rework.

Reduction in avoidable rework can thus be considered a benefit of test
automation, but it doesn’t completely answer the question, what exactly is the
relationship between automated testing and the productivity of software
development i.e. does test automation actually accelerate software development. It
could make sense as test automation seems to lead to finding defects earlier in the
process, having fewer defects (especially at STL’s manual testing) and increasing
the integrity of the previously working software after changes in it – and have
fewer defects overall (see chapter 5.2.2.1). In addition to this, the overwhelming
majority of people at the studied projects considered test automation either
somewhat important or really important to the productivity of software
development (see appendix 2).
The best way of finding out the real impacts of test automation – or any other
change in the software development – would be to have a controlled experiment
where the velocity (weighed number of done stories) would be measured before,
during and after a change. Velocity is already currently measured at software
projects, but the velocities of the projects under study are not yet comparable with
each other, which is why they cannot be used to evaluate the efficiency of current
software projects. Reduction in avoidable rework is thus directly used as the
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positive effect of test automation in this thesis work, with the lack of a better
measure.

5.2.2.1 Numbers of reported defects
Figure 20 illustrates the cumulative amounts of defects at projects X (red line) and
Y (blue line) since the late 2011 as found in defect management systems. These
include all closed defects too, which of course are the vast majority of the
cumulative defects in both projects. The thick arrow line is a linear trend line that
highlights the rate of found defects in the software. As one can see,

1. the total number of defects is much larger at project Y,
2. the finding rate of defects is also much higher and
3. the curve of project Y’s defects had gotten steeper over the time,
during the year 2013

Table 22 shows further analysis of defect findings between the two projects
during year 2013. A weekly snapshot from every single Thursday was used,
because project X uses that time of week as the point when the numbers of defects
are being followed. The numbers of open, fixed and closed defects at every single
Thursday of 2013 were used in the calculations. “Inflow” means the average
number of new defects that were reported during the weeks; “outflow” means the
number of defects that were fixed during the weeks. The average numbers of both
open and fixed defects at every Thursday were also calculated.
The table shows that project Y’s inflow and outflow of defects are 3,6 / 3,9 times
higher than with project X, i.e. there are a lot more defects found and fixed
weekly at project Y than a project X. It raises a question whether project Y indeed
spends roughly 4 times more time to defect fixing than project X. The numbers of
both projects’ defect are adjusted so that project X’s defects are adjusted to 1,0,
and the numbers are therefore comparative rather than exact.
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Figure 20. Cumulative amount of reported defects at the two projects.
Table 22. Relative number of defects at the projects, when project X’s numbers
are adjusted to 1,0.
Inflow / Week
Outflow / Week
Open defects
Fixed defects

Project Y
3,6
3,9
4,6
2,0

Project X
1,0
1,0
1,0
1,0

Merely looking at these two measures however doesn’t answer the question,
which of the following two project’s approach is better in terms of the
effectiveness of software development:


Investing in test automation inside Scrum development teams, thus
leading to earlier defect notifications and preventing much of the defects
to emerge from STL’s manual testing and late verification testing phases
(project X)



Leaving much of the software testing to STL’s manual testing and fix
defects as they emerge (project Y in the past)
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The experience from literature (chapter 2.3.2) and the comparison of defects
found at SW Center and at STL (chapter 5.2.1) would of course already suggest
that earlier defect notification is a better way. A figure that further highlights this
difference in KONE’s case is the number of open defects: project Y had 4,6 times
more defects open during 2013 than project X on average. In fact, as stated in
chapter 6.1.2, some of the project Y’s defects have previously got updated during
the next release (~ half a year later), which is part of the reason why they have
tended to accumulate. The number of “fixed” defects i.e. the defects that are fixed
but still need to be verified is also two times higher at project Y.
These numbers can also be adjusted to the lines of code (LOC), as project X’s
application’s size is roughly about 1,8 times bigger than project Y’s. If the open
and fixed defects of projects were divided to LOC, the difference would be even
greater: project Y would have had on average 8,4 times more open defects than
project X, during 2013. Table 23 shows these numbers.

Table 23. Average number of reported defects during year 2013 based on the size
of the code (project X’s numbers are adjusted to 1,0).
Open defects
Fixed defects

Project Y
8,4
3,6

Project X
1,0
1,0

Besides the numbers of defects, another important reason for test automation is
that the investment in automated tests (if they are maintained accordingly) can be
used later on in the project, every time a new commit is made. This same kind of
regression testing of the same kind of scope cannot be achieved with manual
testing as the execution times differ greatly with automated and manual testing
(see chapter 5.1).

There is however a difference in how much STL tests both of the software
produced by these projects as there are currently more people focusing on project
Y’s testing and project X doesn’t get as much tested manually at STL as project Y
does. That means that if STL had more time to test project X’s software, its
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number of reported defects would most probably be larger. The same can,
however, be said of project Y’s automated testing: if a large number of automated
tests could be instantly implemented to the system, they would reveal defects that
the (manual) testing activities haven’t so far revealed. This is why the figures
described above can be considered relevant in the assessment of the quality of
these products.

5.2.2.2 Time use of defect fixing activities
Project Y has had a habit of keeping book of the total work hours that they’ve
dedicated to defect fixing for several months. These are the defects that are added
to defect management systems QC and/or VersionOne. Project X also kept book
of defect fixing activities during the period of two weeks during February 2014.
The results are shown in table 24. They feature the results from four different
Scrum teams with the percentage of time used to defect fixing, how many defects
they fixed over the time and how many people worked in the team during the time
period.

The numbers could allow making estimates of how much the project uses its
resources to defect fixing and how much defect fixing costs per a single defect or
a specific time period. The following facts and numbers are used to make these
calculations:


There are 24 sprints/year * 10 workdays/sprint = 240 workdays/year



A single total workday of a developer = 7,5 hours



The average cost of development: 20 €/hour (a made-up figure not based
on reality)



Number of developers:
o Project X: 14,5
o Project Y: 21
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Table 24. Defect fixing at projects Y and X during a number of sprints.
Project

Y

X

Y/X

25,1 %

4,4 %

5,7

Time used to a defect fix

24,3 h

13,3 h

1,8

Cost of a defect fix

486 €

266 €

1,8

Number of sprints

9

2

4,5

Average number of teams that answered

3

1

3

Defect fixing of total work time

The results are gathered from a small number of sprints (especially at project X)
and their validity is thus something that can be questioned for a fair reason. Of
course, the numbers of defects presented in chapter 5.3.1 already suggest that
there is likely to be a difference between the rework activities of the two projects,
and so do these figures as well. The time used to fix a reported defect between the
two projects is also something that would be very interesting, but due to the lack
of data it cannot be said that project X’s defect fixing is definitely easier than with
project Y, even though in this instance it is calculated as 1,8 times less with
project X.

Given the numbers of defects at the projects presented in chapter 5.2.2.1 and the
figures of table 27 it however seems fair to say that project Y spends relatively
more time to defect fixing than project X does. Besides the figures it also seems
logical because there’s a difference at the use of test automation; project X is a
green project at test automation whereas project Y has been a yellow project. As
project Y has more defects emerging from STL and as the defects found by STL
are considered more time-consuming to fix (see appendix 2), it can be said with
great certainty that project Y spends more time on defect fixing (avoidable
rework) than project X. It is estimated based on the figures above and software
program managers’ estimates, that avoidable rework at project Y has so far been
33 % and 10 % at project X.

It must however be noted that it is impossible to reduce the time of defect fixing
to 0. Defect fixing is unavoidable at any software projects, as defects (based on
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their severity) must be fixed to ensure that the software works as it is wanted to,
so to just dismiss the defect fixing activity isn’t a solution. It is also not attainable
to reach 0 defects, at least when the software is still under development (prerelease), as there are bound to be defects in a software project of a large scale. It is
however possible to improve in the rate of defects, and test automation is
something that seems to lead to better software quality during pre-release time.

Reduction of avoidable rework in software development projects is something that
should lead to acceleration in the software development process, i.e. time-tomarket. The upper project management was contacted to make an estimate of the
software’s time-to-market effects on profitability in the case of KONE’s software
development. The question asked was, what effects a single software development
project’s delays can have in monetary terms. It proved to be a hard question to
answer as software is only part of the bigger projects regarding development
projects of different machines. However, there was one noticeable instance in the
near past, as one software project (not using test automation at the time) was
indeed a bottleneck during 2010-2011 as a part of the bigger project for 0,5–1
years’ time. That is why the whole project got delayed, and the effects of it are
estimated to be multiple times the yearly labor costs of TAT team. Test
automation is something that can reduce the time-to-market, especially as it seems
to lead to shorter stabilization times i.e. the time from the start of a release test to
the point where no major defects appear. This viewpoint was discussed in chapter
2.3.2 and it is also something which has been observed at KONE SW Center.

5.3 Future of test automation and its impacts on manual testing
Robot test automation can be seen as being at its early stages of lifecycle at
KONE, as the TAT team has only been available for two years. Even though the
cash flow calculations of test automation are done with the end year being 2019, it
is not anywhere near the reality of the situation. The lifecycle of the investments
of the kind of Robot test automation can be evaluated to be approximately 20
years, before they’re being replaced by something else. Despite this, the cash flow
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calculations of this thesis only covers years 2014-2019 as it is very difficult to
estimate software development of KONE that far ahead.

As the investment in Robot test automation will continue, there will be still a need
to have the TAT team or equivalent of that – a team to develop and maintain
Robot Framework, build and maintain the continuous integration environments
and assist the development projects – during the whole lifecycle of Robot test
automation. The future goal, as stated in chapter 4.1.2, is to have all of the
development teams / projects use test automation at the “green” level, and test
automation to cover all of the testing levels defined in chapter 4.1.2. The current
and future statuses of test automation at the projects under study in unit and
component level software testing are illustrated below in figure 21.
TAT team’s size doesn’t necessarily need to grow as well, as all of the work done
to maintain the Robot Framework, that all development teams use, is still relevant
in the future and TAT can only shift their focus on the future to achieve the
desirable levels of test automation at different test levels and different projects.
The number of people at the development projects may however need to increase
based on the skills of developers at test automation; if the developers can make
automated tests, the projects may not need more automation testers. This is
however a very project specific thing.

All of the testing shouldn’t be done with automation: instead, there should be
automation at every testing level at every project. This won’t diminish the need
for manual testing, as there are a lot of test cases that are too hard to make with
automation. To have a separate organizational unit for manual testing in the
development of embedded systems is also supported by literature (see chapter
2.6). When the manual testers are freed from executing the simple, “happy” test
cases that can be made with automation, they have more time to make ad-hoc
testing, which is very necessary as a lot of software defects at STL are found
during ad-hoc testing. It is also important for the developers to have a place where
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they can see the software at work in a real hardware setting as close to real
customer site as possible.

Figure 21. Test automation’s current and future coverage at the projects under
study at unit and component level testing. “G” stands for green level of test
automation and “Y” stands for yellow level.
Table 25 highlights the importance of STL’s ad-hoc testing by classifying the
defects the department has found at projects X and Y. An important point is that
over half of project X’s defects found by STL are found by ad-hoc testing. This
equals 22 % of the entire project X’s reported defects, as 40 % of the total
reported defects of project X are reported by STL. The figures are more
directional than exact, because if a tester has found a defect which is not related to
the test case under execution, the defect is labeled as found by “ad-hoc testing”
even if there was an existing test case that would reveal the same defect. Despite
this, it can be concluded that even at the projects with green level of test
automation:

a) manual testing finds a lot of defects and
b) a significant portion of manual testing’s defects come from ad-hoc testing

Table 25. Defects found by STL classified by how they were found.
Project
Manual test case
Ad-hoc testing
Other (e.g. automation)

Project X
41 %
53 %
6%

Project Y
58 %
41 %
1%
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Test automation won’t decrease the need for manual testing, but it should lead to
STL’s role (at the projects under study) being be shifted towards ad-hoc /
exploratory testing. Adoption of test automation in the development projects at the
required level should thus lead to:

a) current resources of STL regarding the projects under study being enough
for manual testing, as the main responsibility component-level testing
becomes the responsibility of respective development projects and
b) test coverage of software becoming better as STL has more resources to
make ad-hoc testing for projects X, Y and Z
The monetary values of point a) have been calculated at chapter 5.1 – the value of
point b) can be calculated by evaluating how the division of labor of STL
personnel regarding projects X, Y and Z will be shifted i.e. how much more time
can they spend on other necessary testing activities (difficult manual test cases
and ad-hoc testing) that increase the test coverage. At the moment it can be
estimated that 80 % of software testing of STL regarding these three projects goes
to executing manual test cases. If that number can be decreased towards 20 %
(thanks to test automation handling the easier test cases), it essentially means that
in addition to current resources being enough to manual testing activities together,
the current personnel of STL’s software testing regarding the three projects can do
the things that otherwise would require hiring 6 more people to executing difficult
manual test cases and ad-hoc testing.

Table 26 shows the estimated division of labor at STL regarding the three projects
and table 27 shows the amount of work years and the value of them of gaining
better manual testing with current resources, if most of the current test executions
at the projects are done with automation.
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Table 26. Projected division of labor at STL regarding the three projects.
2014

2015

2016-2019

Manual test executions

Pre2013
80 %

70 %

40 %

20 %

Difficult manual tests + ad-hoc testing

20 %

30 %

60 %

80 %

0%

10 %

40 %

60 %

Years

Gains on test coverage

Table 27. Yearly worth of gaining better manual testing at STL.
Years
Number of testers at projects X, Y and Z

2014
10

2015
10

2016-2019
10

Gains at test coverage (see table 26)

10 %

40 %

60 %

1

4

6

33 600 €

100 800 €

201 600 €

Worth in work years
Monetary value of better test coverage

In summary, the need for manual testing stems from the fact that automation
cannot find all of the defects, as shown in table 25. It must be, again, noted that it
is very important to find the defects before the software is delivered to the
customers. The fact stated in chapter 5.1.2.3 applies to STL as well: the cost of
updating the software to for example even a relatively small number of certain
machines exceeds the yearly labor costs of the whole software testing team of
STL, which is not addressed during this thesis work. To ensure the quality of
software, it is necessary to have manual testing of STL at the projects under study
even after automation is widely used.

Figure 22 shows the estimated future development of Robot test automation use
between the three different development projects and organizational units of
software testing. Every project should use Robot test automation in their unit and
component levels and use manual testing when necessary. STL should also have
test automation and most of all have time to make more difficult and complex test
cases for the three projects which are not achievable through test automation,
which further increases the test coverage.
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Figure 22. The estimated future of Robot test automation at the projects under
study.
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6

RESULTS

To address test automation’s profitability, at first the following points are
summarized from the project level:


Benefits of test automation
o Manual testing effort saved due to test automation
o Reduction of rework



Costs of test automation
o Test automation team’s (TAT) costs allocated to projects
o Automation testers at the projects

From these points, the profitability of test automation is addressed at project level
by using the following measures:


Net Present Value (NPV)
o A fictional figure based on the assumption that the yearly cost of
an employee is 33 600 €.



Benefit-cost ratio (BCR)



Return on Investment (ROI)
o Calculated with the equation 10 shown in chapter 3.2.4



Payback time



Internal Rate of Return (IRR)

The cash flows of each project are also summarized in chapter 6.4 along with the
benefits of test automation at Software Test Laboratory (STL) regarding these
three selected projects (see chapter 5.3) to address test automation’s profitability
with the measures listed above. The effects on field performance i.e. software
quality post-release time is not addressed in this public version of the thesis due to
confidentiality reasons.

The following variables and assumptions are used at each calculation:
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Required rate of return (RRR) = 7,61 %



0-year is the current year (2014), the last year under inspection is 2019



Number of major software releases a year is 2,5
o A major release is done every 5 months



Every test has to be executed 6 times during a major release cycle
o Avoidable rework is 10 % with “green” level of test automation,
33 % with “yellow” level of test automation - the reduction of
rework is something that is assumed to go directly to valuecreating activities i.e. acceleration of software development



Developers’ time spent on test automation is not considered detrimental to
the speed of software development i.e. they are not considered costs of
test automation

It should be pointed out that even though the calculations and values contain
decimal numbers and the calculations may thus seem pretty exact, they are instead
directional in their nature. In addition to this, there may have been slight
adjustments done to the original figures so that the profitability measures such as
BCR would be as close to the internally calculated figures as possible. This is
because a fictional yearly labor cost of 33 600 €/person is used throughout these
calculations instead of real labor costs at the company.

6.1 Project X
The cash flow calculations of project X’s test automation use have been calculated
in appendix 4. They stem from the following points:


The tests that are currently automated would need to be executed
manually during major release cycles, if there was no test automation.
Manual testing would require a significant number of full-time manual
testers.



The number of automated tests increases steadily, but the rate of new
tests stagnates as the project progresses.
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Avoidable rework is considered to be 10 % currently; without automation
it is assumed that avoidable rework would be 33 % (as at project Y).



TAT won’t need to focus on the project in the future as much as before.



The need for automation testers stays the same (two people).

Figure 23 shows the yearly discounted cash flows of test automation at project X;
figure 24 shows the cumulative discounted cash flow. As the figures show, there
are no negative cash flows at all. This is because project X has adopted test
automation practices from the very start, and thus, even the significant effort of
TAT team doesn’t change the situation significantly. This is even though BCR is
at its lowest in the year 2012 (1,29), in the year when TAT team was established.

Table 28 summarizes the profitability metrics of test automation at project X, with
the acceptance criteria of each measure (if there exists any in the first place). Test
automation is thus highly profitable at project X. Table 29 shows the division of
costs and benefits of test automation at the project; most of the benefits stem from
automating test executions, and the test automation costs are pretty even with
allocated TAT costs and automation testers at the project.

Table 28. Profitability measures of test automation at project X.
Measure
NPV
BCR
ROI

Value
2 661 246 €
2,93
193 %

Criteria
>0
>1
>0

Table 29. Division of benefits and costs at project X.

BENEFITS

COSTS

Aspect of benefit/cost
Automated test executions
Reduction of rework
Total
Allocated TAT costs
Automation testers
Total

%
77 %
23 %
100 %
51 %
49 %
100 %

Value (m€)
3,09
0,95
4,04
0,71
0,67
1,38
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Figure 23. Yearly discounted cash flows of test automation at project X.
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Figure 24. Cumulative discounted cash flow of test automation at project X.

6.2 Project Y
The cash flow calculations of project Y in regards to test automation stem from
the assumption that the project transforms from yellow to green level of test
automation use. This assumption means, in action, that:


All of the automated tests (over 1 000 tests) become a part of the pipeline
(and get executed several times a day).
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The definition of done (DoD) includes the making of new Robot tests to
each new feature (where applicable).



Automated testing decreases the need of manual test case executions
significantly (leaving STL much more time to ad-hoc testing and difficult
manual test cases).



TAT spends their resources a bit more to project Y than before during the
years 2014-2015.



There may be a need for 1-2 new automation testers.



Avoidable rework decreases from 33 % (in 2013) to 10 % (in 2016).

The cash flow calculations are done in appendix 5, with all of the points shown
above transformed to respective figures. Figure 25 shows the yearly discounted
cash flows and figure 26 shows the cumulative cash flow of test automation at
project Y. As there are have been costs during years 2012-2013 without much
benefit in the aspects under study during this thesis (transforming the execution of
test cases from manual to automated testing or reduction of rework), the first
positive cash flow occurs in the year 2015. The cumulative cash flow however
turns positive the same year and the payback time is a little under 1,5 years if
2014 is used as the year 0.

Table 30 summarizes the profitability metrics of test automation at project Y, with
the acceptance criteria of each measure (if there exists any in the first place). They
show that if the project succeeds in applying the practices of green projects of test
automation, test automation pays off significantly well. However, as project Y has
started its test automation in the midst of the project, its profitability measures are
not as good as project X’s. Table 31 shows the divisions of both costs and benefits
at project Y. Most of the benefits stem from automating test executions, whereas
automation testers get the biggest share of costs regarding the total costs of test
automation.
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Table 30. Profitability measures of test automation at project Y.
Measure
NPV
BCR
ROI
IRR
Payback point
Payback time

Value
1 213 260 €
1,76
76 %
49 %
2015,44
1,44

Criteria
>0
>1
>0
> 7,61 %

Table 31. Division of benefits and costs at project Y.

BENEFITS

COSTS

Aspect of benefit/cost
Automated test executions
Reduction of rework
Total
Allocated TAT costs
Automation testers
Total

%
76 %
24 %
100 %
29 %
71 %
100 %

Value (m€)
2,13
0,68
2,81
0,47
1,13
1,60
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Figure 25. Yearly discounted cash flow of test automation at project Y.
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Figure 26. Cumulative cash flow of test automation at project Y.

6.3 Project Z
Cash flow calculations of project Z’s test automation are done in appendix 6.
They are done with the same kinds of assumptions as with project X. Figure 27
shows the yearly discounted cash flows of test automation at project X; figure 38
shows the cumulative discounted cash flow. Because project Z has – like project
X – adopted test automation practices from the very start, their cumulative cash
flow doesn’t get negative at all. There is thus no payback time or IRR that could
be calculated.

Table 32 summarizes the profitability metrics of test automation at project Z. Test
automation is pretty equally profitable to project X. Table 33 shows the division
of costs and benefits of test automation at the project; most of the benefits stem
from automating test executions, and the costs come mainly from automation
testers.

Table 32. Profitability measures of test automation at project Z.
Measure
NPV
BCR
ROI

Value
1 426 579 €
2,88
188 %

Criteria
>0
>1
>0
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Table 33. Division of benefits and costs at project Z.

BENEFITS

COSTS

Aspect of benefit/cost
Automated test executions
Reduction of rework
Total
Allocated TAT costs
Automation testers
Total

%
66 %
34 %
100 %
32 %
68 %
100 %

Value (m€)
1,44
0,74
2,18
0,25
0,51
0,76
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Figure 27. Yearly discounted cash flow of test automation at project Z.
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Figure 28. Cumulative discounted cash flow of test automation at project Z.
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6.4 Summary and result analysis
The figures of each project along with the estimated future costs and benefits
regarding STL are summarized in appendix 7. It should be noted, that this
summary only includes the three projects under study and all of the other projects
using Robot test automation at KONE SW Center have been exluded from these
calculations. STL’s estimated benefits of test automation regarding the three
projects were calculated in chapter 5.3, and it is estimated that the number of
automation testers in STL regarding the three projects under study is two from
2013 onwards. The other costs and benefits, from projects, are calculated in the
appendixes 4-6.

Table 34 summarizes the key profitability metrics. As the table shows, all of the
key performance metrics are positive and therefore Robot test automation is, by
these numbers, a very profitable investment at KONE SW Center. However, as
project Y’s calculations show, the benefits won’t come for granted as test
automation can be seen more like a process instead of just automation of test
cases. It is also clear that it is a lot more profitable to start the use of test
automation since the very beginning of the project, which the calculations also
show.

Table 34. Key performance metrics of Robot test automation.
Measure
Benefits
Costs
NPV
BCR
ROI
Point of payback
Payback time (0-year = 2014)

Value
9,79 m€
4,14 m€
5 64 m€
2,36
136 %
2012,52
-1,48

As appendix 7 shows, the BCR of Robot test automation is high in the year 2010
but it makes a dip under the value 1,0 and recovers to the scale it was in 2019.
This goes hand in hand what was discussed in the chapter regarding the history of
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Robot test automation at KONE SW Center (chapter 4.1.1), as in the years 20102011 Robot test automation was only a part of project X’s everyday work and in
the beginning of a software project, even small investments in test automation can
be worthwhile. However, as Robot test automation proved to be a bigger task than
was perhaps originally thought, the TAT team was needed to be established,
which also makes the B/C ratio go below 1 in 2012. This setting of test
automation appears to work, which is why test automation turns out to be highly
profitable in these calculations. As the work of TAT and the projects that have
heavily invested in Robot test automation seem to have benefited the adoption of
test automation the whole SW Center wide, test automation’s profitability lies
mostly in the development projects themselves.

6.5 Benchmarking
As discussed in chapter 4.1.3, projects X and Z do automated testing in the way
that can be considered agile testing. To provide further insight in the subject of
how test automation is done in other companies and how KONE compares to
them with the current setup of Robot test automation (in addition to literary
review of chapter 2), representatives of two companies’ software development
were interviewed. Company A is a Finnish metal industry company which makes
embedded software and company B is a Finnish electronics industy company,
which makes both embedded and Web application software.

Company A is at the early stages of its test automation practices, but many
similarities in both ways of work and initial results can be seen with KONE. The
company has a separate testing team for test automation, they use Jenkins as
continuous integration tool and Robot Framework as test automation framework.
Module (component level) testing is done with automated testing, and the goal of
integration testing is to have 70 % of test cases automated and 30 % manually
tested. Currently, roughly 80 % of the test cases in integration level are manual.
As this thesis work only briefly addressed integration testing, these numbers
cannot in this instance be compared to KONE SW Center’s respective figures.
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The benefits under consideration stem however stem from the need for less
manual testing than before. There are also clear differences of projects with and
without automation in the company: projects without automation have at least five
times more reported defects than the ones with automation.

Company B has engaged in automated testing activities in conjunction with agile
development (Scrum) for about four years. Test automation was started in the
company because of the fact that as the number of tests increases all the time, it is
impossible to have enough regression testing without automation, especially with
agile software development. Another main reason for test automation is the short
feedback loop, as the regression tests are executed at least daily, or several times a
day at some teams. This has sped up the defect fixing process greatly as defects
are found earlier, and thus the code that needs to be fixed is more likely to be
fresh in the minds of the developers. Another important benefit of test automation
is that it has improved the quality of manual testing greatly as the manual testers
have had more time to do exploratory testing than before. Open source software
like Jenkins and Robot Framework are also used at the company to provide means
for automated testing.

There is no cost-benefit analysis of test automation done in either of the
interviewed companies and thus none of the profitability measures calculated in
this thesis can be compared with them. The interview with company A shows that
the company does test automation in the same kind of setting as what is done at
KONE SW Center, which is why their cost-benefit analysis could possible be
done roughly the same way as during this thesis. Company B doesn’t have a
separate automated testing unit and the possible cost-benefit analysis of test
automation would be needed to be done in a somewhat different kind of way than
what has been done during this thesis work. The interviews do however show, that
test automation is considered important at both companies because of many same
reasons as what has been thought at KONE.

105

6.6 Discussion
The positive results of test automation use only occur when the whole software
development project is dedicated to testing and the test results are valued and
taken into account in everyday work of developers. This also makes sense when
thinking about the nature of testing itself: it only reveals that the software either
works or doesn’t work. If the test results are not considered in everyday work,
they become essentially meaningless. As testability of the software is a major
pitfall of test automation (chapter 2.4), the developers need to consider testing in
their everyday work in order to make test automation work. Testing, in an agile
software development setting, is thus not an activity that is separated from the rest
of the development work; it is instead a process that the whole project should
dedicate to.
The results shown in this chapter don’t provide any statistical significance of test
automation’s profitability in software development in general. They are also more
directional than rigorous – even in the case of KONE’s software development – as
the testing and development processes of manual and automated testing differ so
much. Savings in (manual) testing effort and productivity of software
development are however major points in assessing test automation’s profitability.
This thesis didn’t have any exact answer to how test automation is related to
productivity of the software development, even though reduction of avoidable
rework is one way of assessing it. KONE SW Center should therefore further
invest in standardizing its productivity measures of software development in order
to better assess the performance of each software project.

The results do show that it is very profitable to execute simple test cases with
automation. This is even if the tests were executed at the same rate as with
manual testing setup, which is typically not the case. When software development
is done with agile processes where (internal) software releases are done every 2 or
4 weeks, manual testing just cannot keep up and provide the same kind of
“extreme feedback” where developers get feedback of their changes to the
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software immediately. The number of people in order to test the software
adequately by manual testing in an agile setting is so large, that the current
facilities of STL wouldn’t probably even be enough to facilitate the adequate
number of manual testers if test automation was abandoned. This probably
wouldn’t however happen in reality; instead there would probably need to be a
need to shift the software development framework towards a more traditional,
plan-driven setting (chapter 2.1). The calculations in appendix 7 also highlight the
value of STL’s gained manual testing regarding the three projects under study
(consisting of more difficult manual test cases and ad-hoc testing) when test
automation can replace most of the simple test cases that they make.

As stated earlier, this public version of the thesis (for confidentiality reasons)
doesn’t address the effects of test automation on software quality and its monetary
value – the perspective of this thesis is almost entirely internal, focusing on
aspects of software development practices. Instead of answering, what kind of
benefits can test automation have on the software quality post-release time, this
thesis has attempted to give a hint on the work effort of software development that
can be saved through automation. The costs and benefits are therefore almost
entirely based on labor costs of software development.

As stated in chapter 5.1.2.3, the possible need of updating the software to for
example a relatively small number of certain machines easily exceeds the entire
costs of both automated testing team of TAT and manual software testing team of
STL, which were not addressed during this thesis work. Software quality is
especially important in embedded systems, and software with bad quality could
lead to customer dissatisfaction and a loss of reputation, especially if the problems
were so critical that they would make headlines like General Motors in 2014 (see
chapter 5.1.2.3).
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6.7 Future
The investment in Robot test automation should continue at KONE SW Center,
and all projects should adopt its use to unit and component levels of software
testing when possible. Test automation should be introduced to new software
projects from the very beginning with both dedicated resources (automation
testers) and developers with the right mind-set to automated testing, who are also
capable of making unit and Robot tests themselves. This is very important as the
adoption of test automation after the project has started may lead to severe
difficulties.

As stated earlier, automated testing should not be considered a separate activity
but rather a continuous process of the whole software development. The potential
pitfalls of test automation such as test maintainability and testability of the
software need to be taken into account, so that the tests can be executed frequently
and they don’t need to be constantly rewritten.
Test automation doesn’t diminish the need for manual testing with the current
number of manual testers at STL regarding the three projects under study. Instead,
they should have more time to make ad-hoc testing and difficult test cases as the
execution of test cases pre-release time executions of test cases become the
responsibility of development teams. Ad-hoc testing is necessary as a lot of the
defects emerge from it, even with green level projects of test automation such as
project X in this thesis. As it is very costly to find defects after customer release,
there needs to be adequate resources to both automated and manual testing to
ensure that defects emerge before the customer release.
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APPENDIX 1. CONDUCTED SURVEY ON THE PERCEPTIONS OF TEST
AUTOMATION.

Project: ________________________
Component: ________________________
Team: ________________________
Your role is (e.g. developer, tester):
________________________
(If you don’t spend any time on defect fixing activities, you may skip
questions 1-7)
1. If you consider a typical defect, how much time (hours) does it
take to debug and fix when it’s found by you during
development?
_______ hours
2. If you consider a typical defect, how much time (hours) does it
take to debug and fix when it’s found by your team member
during development?
_______ hours
3. If you consider a typical defect, how much time (hours) does it
take to debug and fix when it’s found by component build
pipeline?
_______ hours
4. If you consider a typical defect, how much time (hours) does it
take to debug and fix when it’s found by automated integration or
automated system testing?
_______ hours
5. If you consider a typical defect, how much time (hours) does it
take to debug and fix when it’s found by STL?
_______ hours

APPENDIX 1. CONDUCTED SURVEY ON THE PERCEPTIONS OF TEST
AUTOMATION. (CONTINUED)
6. How many percent (%) of your time do you spend on debugging
and fixing reported defects (at QC or VersionOne)?
_______ % of total worktime
7. How many percent (%) of your time do you spend on debugging
and fixing
non-reported or Swimlane defects?
_______ % of total worktime
(If you don’t spend any time on testing activities, you may skip
questions 8-11)
8. How many percent (%) of your time do you spend on testing
activities together? Testing activities are:
- Manual testing or manual test planning
- Unit test implementation and execution
- Robot test implementation and execution
- TestGenerator test implementation and execution
- Test environment planning and maintenance
- Test result analysis
- Test reviews
_______ % of total worktime

9. Of the time you spend on testing (%), how is the time shared
between the following activities (100 % combined):
a. Manual testing activities
_____ % of testing activities
b. Automated (unit, Robot FW or TG) testing activities
_____ % of testing activities
(100 %
combined)

APPENDIX 1. CONDUCTED SURVEY ON THE PERCEPTIONS OF TEST
AUTOMATION. (CONTINUED)

(If you don’t spend any time on automated testing activities, you
may skip questions 10-11)
10. Of the time you spend on automated testing, how is the time
shared between the following activities (100 % combined):
a. New tests
_____ % of automated testing activities
b. Test maintenance _____ % of automated testing activities
c. Test framework maintenance
_____ % of automated testing activities
(100 % combined)
11. Of the time you spend on new automated tests, how is the
time shared between the following activities (100 % combined):
a. Unit tests
_____ % of time spent to new automated tests
b. Robot / TG tests
_____ % of time spent to new automated tests
(100 % combined)
Please answer the following four question starting with “How
important…” with a scale from 1 to 5 (1=not important at all, 2=not
really important, 3=not sure, 4=somewhat important, 5=very important)
12. How important is it to find a defect as soon as possible?
________ (1-5)
13. How important is it find a defect before STL finds it?
________ (1-5)
14. How important is test automation for software quality?
________ (1-5)

APPENDIX 1. CONDUCTED SURVEY ON THE PERCEPTIONS OF TEST
AUTOMATION. (CONTINUED)

15. How important is test automation for productivity?
________ (1-5)
16. Give your estimate of software quality of your product
(1=poor, 2=tolerable, 3=satisfactory, 4=good, 5=excellent):
________ (1-5)
Thank you for your answers!

APPENDIX 2. RESULTS FROM THE CONDUCTED
SURVEY OF APPENDIX 1.
QUESTION
1
2
3
4
5
6
7
8
9 a
b
10 a
b
c
11 a
b
12
13
14
15
16

PROJECT X
AVERAGE MEDIAN
1,1
1,0
1,3
1,0
2,7
2,5
5,0
4,0
9,0
8,0
13 %
10 %
17 %
15 %
23 %
20 %
28 %
18 %
72 %
83 %
49 %
50 %
35 %
28 %
17 %
15 %
67 %
70 %
33 %
30 %
4,9
5,0
4,4
4,0
4,6
5,0
4,4
4,0
4,0
4,0

PROJECT Y
AVERAGE MEDIAN
3,0
3,0
3,0
3,0
5,0
5,0
8,0
8,0
10,5
10,5
23 %
23 %
13 %
13 %
25 %
25 %
15 %
15 %
85 %
85 %
55 %
55 %
28 %
28 %
18 %
18 %
95 %
95 %
5%
5%
5,0
5,0
4,4
4,0
4,6
5,0
4,6
5,0
2,7
2,5

PROJECT Z
AVERAGE MEDIAN
3,3
3,0
3,3
3,0
3,5
3,5
5,5
6,0
28,0
16,0
7%
8%
11 %
6%
47 %
43 %
11 %
10 %
89 %
90 %
48 %
50 %
38 %
40 %
15 %
15 %
34 %
35 %
66 %
65 %
5,0
5,0
4,5
4,5
5,0
5,0
4,8
5,0
3,6
3,8

The different activities of testing as percentages of total work time

QUESTION
9 a
b
10 a
b
c
11 a
b

PROJECT X
AVERAG
MEDIA
E
N
7%
4%
17 %
14 %
9%
6%
5%
5%
3%
2%
6%
4%
3%
2%

PROJECT Y
AVERAG
MEDIA
E
N
4%
4%
22 %
22 %
12 %
12 %
6%
6%
3%
3%
3%
3%
0%
0%

PROJECT Z
AVERAG
MEDIA
E
N
6%
4%
41 %
39 %
20 %
20 %
15 %
13 %
6%
6%
6%
6%
14 %
12 %

APPENDIX 3. TAT team’s costs divided to development projects
The tables below show estimates how the projects under study test automation team’s
(TAT) resources. The last row shows how much resources of TAT are spent on automated
testing activities of these projects at STL. Years 2012-2013 are based on real data, year
2011 is allocated entirely to project X and years 2014 onwards are estimations.

PROJECT X
PROJECT Y
PROJECT Z
STL
TOTAL

2011
67 200 €
0€
0€
0€
67 200 €

2012
171 864 €
33 852 €
28 644 €
5 208 €
239 568 €

2013
102 816 €
60 480 €
30 240 €
30 240 €
223 776 €

2014
84 000 €
100 800 €
43 680 €
23 520 €
252 000 €

PROJECT X
PROJECT Y

2016
67 200 €
67 200 €

2017
50 400 €
67 200 €

2018
50 400 €
50 400 €

2019
50 400 €
50 400 €

PROJECT Z
STL
TOTAL

33 600 €
50 400 €
218 400 €

33 600 €
67 200 €
218 400 €

33 600 €
67 200 €
201 600 €

33 600 €
67 200 €
201 600 €

2015
67 200 €
84 000 €
33 600 €
40 320 €
225 120 €

The tables below show the figurative number of people at TAT working for the Robot test
automation of the three studied projects – both for the development teams and for STL.
The numbers are calculated by dividing the costs presented above with the yearly fictional
cost of an average person, 33 600 €.

PROJECT X
PROJECT Y
PROJECT Z
STL
TOTAL

2011
2,0
0,0
0,0
0,0
2,0

2012
5,1
1,0
0,9
0,2
7,2

2013
3,1
1,8
0,9
0,9
6,7

2014
2,5
3,0
1,3
0,7
7,5

PROJECT X
PROJECT Y
PROJECT Z
STL
TOTAL

2016
2,0
2,0
1,0
1,5
6,5

2017
1,5
2,0
1,0
2,0
6,5

2018
1,5
1,5
1,0
2,0
6,0

2019
1,5
1,5
1,0
2,0
6,0

2015
2,0
2,5
1,0
1,2
6,7

APPENDIX 4. CASH FLOW CALCULATIONS OF PROJECT X.
1. Cost savings of test executions with automation
Executions / Test
h / Execution
Releases / Year
€ / workhour

6
1,5
2,5
20 €
1 680

h / year

Calculations:
Executions / Release

=

Tests / Release

*

Executions / Test

h (saved) / Release

=

Executions / Release *

h / Execution

h (saved) / Year

=

h (saved) / Release

*

Releases / Year

Work days (saved) / Year

=

h (saved) / Year

*

h / Work year

Cost savings

=

h (saved) / Year

*

€ / Work hour

Year
Tests / Release
Executions / Release

2010
60
360

2011
230
1 380

2012
403
2 418

2013
575
3 450

2014
744
4 464

h (saved) / Release
h (saved) / year

540
1 350

2 070
5 175

3 627
9 068

5 175
12 938

6 696
16 740

0,8
27 000 €

3,1
103 500 €

5,4
181 350 €

7,7
258 750 €

10,0
334 800 €

2015
920
5 520

2016
1 110
6 660

2017
1 224
7 344

2018
1 292
7 752

2019
1 330
7 980

8 280
20 700

9 990
24 975

11 016
27 540

11 628
29 070

11 970
29 925

12,3
414 000 €

14,9
499 500 €

16,4
550 800 €

17,3
581 400 €

17,8
598 500 €

Work years saved with automation
Cost savings
Year
Tests / Release
Executions / Release
h (saved) / Release
h (saved) / year
Work years saved with automation
Cost savings

APPENDIX 4. CASH FLOW CALCULATIONS OF PROJECT X.
(CONTINUED)
2.

Cost savings by reducing the amount of rework

Time used to avoidable rework
(developers)
Without test automation
With test automation

33 %
10 %

Year

2010

2011

2012

2013

2014

7,0

12,5

14,5

14,5

14,5

235 200 €

420 000 €

487 200 €

487 200 €

487 200 €

Avoidable rework without test automation

77 616 €

138 600 €

160 776 €

160 776 €

160 776 €

Avoidable rework with test automation

23 520 €

42 000 €

48 720 €

48 720 €

48 720 €

Yearly cost savings at avoidable rework

54 096 €

96 600 €

112 056 €

112 056 €

112 056 €

2015

2016

2017

2018

2019

14,5

14,5

12,0

11,0

10,0

Development costs

487 200 €

487 200 €

403 200 €

369 600 €

336 000 €

Avoidable rework without test automation

160 776 €

160 776 €

133 056 €

121 968 €

110 880 €

48 720 €

48 720 €

40 320 €

36 960 €

33 600 €

112 056 €

112 056 €

92 736 €

85 008 €

77 280 €

Number of developers
Development costs

Number of developers

Avoidable rework with test automation
Yearly cost savings at avoidable rework

3.

Costs of TAT (see appendix 1)

4.

Costs of automation testers

Year
Number of automation testers
Costs of testers

2010
1,3
42 000 €

2011
3,0
100 800 €

2012
2,0
67 200 €

2013
2,0
67 200 €

2014
2,0
67 200 €

Year
Number of automation testers
Costs of testers

2015
2,0
67 200 €

2016
2,0
67 200 €

2017
2,0
67 200 €

2018
2,0
67 200 €

2019
2,0
67 200 €

APPENDIX 4. CASH FLOW CALCULATIONS OF PROJECT X.
(CONTINUED)
5. Discounted cash flow
2010

2011

2012

2013

2014

2015

108 745 €
56 320 €

249 347 €
209 347 €

339 762 €
276 834 €

399 024 €
182 954 €

446 856 €
151 200 €

488 854 €
124 895 €

52 426 €

40 000 €

62 928 €

216 070 €

295 656 €

363 959 €

2016
528 118 €
116 063 €

2017
516 434 €
94 373 €

2018
496 969 €
87 699 €

2019
468 319 €
81 497 €

TOTAL
4 042 430 €
1 381 184 €

412 055 €

422 061 €

409 270 €

386 822 €

2 661 246 €

Cumulative cashflow

2010
52 426 €

2011
92 426 €

2012
155 353 €

2013
371 423 €

2014
667 079 €

Cumulative cashflow

2015
1 031 038 €

2016
1 443 093 €

2017
1 865 154 €

2018
2 274 424 €

2019
2 661 246 €

Yearly benefits
Yearly costs
Discounted cash
flow

Yearly benefits
Yearly costs
Discounted cash
flow

6. Cumulative discounted cash flow

7. Yearly discounted benefits of test automation
Year
Test executions
Reduction of rework
Total benefits

2010
36 205 €
72 540 €
108 745 €

2011
128 973 €
120 375 €
249 347 €

2012
210 002 €
129 760 €
339 762 €

2013
278 441 €
120 583 €
399 024 €

Year
Test executions
Reduction of rework
Total benefits

2016
431 350 €
96 768 €
528 118 €

2017
442 014 €
74 420 €
516 434 €

2018
433 575 €
63 394 €
496 969 €

2019
414 764 €
53 555 €
468 319 €

2014
334 800 €
112 056 €
446 856 €

2015
384 723 €
104 132 €
488 854 €

TOTAL
3 094 847 €
947 583 €
4 042 430 €

APPENDIX 4. CASH FLOW CALCULATIONS OF PROJECT X.
(CONTINUED)

8. Yearly discounted costs of test automation
Year
TAT
Automation testers
Total benefits

2010
0€
56 320 €
56 320 €

2011
83 739 €
125 608 €
209 347 €

2012
199 017 €
77 817 €
276 834 €

2013
110 640 €
72 314 €
182 954 €

Year
TAT
Automation testers
Total benefits

2016
58 032 €
58 032 €
116 063 €

2017
40 446 €
53 928 €
94 373 €

2018
37 585 €
50 114 €
87 699 €

2019
34 927 €
46 570 €
81 497 €

2014
84 000 €
67 200 €
151 200 €

2015
62 448 €
62 448 €
124 895 €

TOTAL
710 834 €
670 350 €
1 381 184 €

APPENDIX 5. CASH FLOW CALCULATIONS OF PROJECT Y.
1. Cost savings of test executions with automation
Executions / Test
h / Execution (manual testing)
Releases / Year
€ / work hour
h / work year

6
1,1
2,5
20 €
1680

Calculations:
Executions / Release

=

Tests / Release

h (saved) / Release

=

Executions / Release *

h / Execution

h (saved) / Year

=

h (saved) / Release

*

Releases / Year

Work days (saved) / Year

=

h (saved) / Year

*

h / Work year

Cost savings

=

h (saved) / Year

*

€ / Work hour

Year
Tests / Release
Executions / Release
h (saved) / Release
h (saved) / year
Work years saved with automation
Cost savings

Year
Tests / Release
Executions / Release
h (saved) / Release
h (saved) / year
Work years saved with automation
Cost savings

*

Executions / Test

2012
0
0

2013
30
180

2014
500
3 000

2015
1 300
7 800

0
0

198
495

3 300
8 250

8 580
21 450

0,0
0€

0,3
9 900 €

4,9
165 000 €

12,8
429 000 €

2016
1 400
8 400

2017
1 500
9 000

2018
1 600
9 600

2019
1 600
9 600

9 240
23 100

9 900
24 750

10 560
26 400

10 560
26 400

13,8
462 000 €

14,7
495 000 €

15,7
528 000 €

15,7
528 000 €

APPENDIX 5. CASH FLOW CALCULATIONS OF PROJECT Y.
(CONTINUED)
2. Cost savings by reducing the amount of rework
Number of developers (yearly)
Hours / Year
€ / hour
Yearly development costs

21
1680
20 €
705 600 €

Avoidable rework without test automation
Cost of rework (without automation)

33 %
232 848 €

Year
Avoidable rework with test automation (%)
Cost of rework with test automation
Cost savings of rework reduction

2012
33 %
232 848 €
0€

2013
33 %
232 848 €
0€

2014
25 %
176 400 €
56 448 €

2015
15 %
105 840 €
127 008 €

Year
Avoidable rework with test automation (%)
Cost of rework with test automation
Cost savings of rework reduction

2016
10 %
70 560 €
162 288 €

2017
10 %
70 560 €
162 288 €

2018
10 %
70 560 €
162 288 €

2019
10 %
70 560 €
162 288 €

3. Costs of TAT (see appendix 1)
4. Costs of automation testers
Year
Number of automation testers
Costs of testers

2012
4
134 400 €

2013
3,4
114 240 €

2014
4
134 400 €

2015
6
201 600 €

Year
Number of automation testers
Costs of testers

2016
6
201 600 €

2017
5
168 000 €

2018
5
168 000 €

2019
4
134 400 €

APPENDIX 5. CASH FLOW CALCULATIONS OF PROJECT Y.
(CONTINUED)
5. Discounted cash flow
Year
Yearly benefits
Yearly costs
Discounted cash flow

2012
0€
194 834 €
-194 834 €

2013
10 653 €
188 016 €
-177 363 €

2014
221 448 €
235 200 €
-13 752 €

2015
516 688 €
265 403 €
251 285 €

Year
Yearly benefits
Yearly costs
Discounted cash flow

2017
527 470 €
188 747 €
338 723 €

2018
514 778 €
162 870 €
351 907 €

2019
478 374 €
128 067 €
350 306 €

TOTAL
2 808 524 €
1 595 264 €
1 213 260 €

2016
539 113 €
232 126 €
306 987 €

6. Cumulative discounted cash flow
Year
Cumulative cash flow

2012
-194 834 €

2013
-372 197 €

2014
-385 949 €

2015
-134 664 €

Year
Cumulative cash flow

2016
172 323 €

2017
511 046 €

2018
862 954 €

2019
1 213 260 €

7. Yearly discounted benefits of test automation
Year
Test executions
Rework
Total benefits
Year
Test executions
Rework
Total benefits

2012

2013

2014

2015

2016

0€
0€
0€

10 653 €
0€
10 653 €

165 000 €
56 448 €
221 448 €

398 662 €
118 026 €
516 688 €

398 967 €
140 146 €
539 113 €

2017
397 235 €
130 235 €
527 470 €

2018
393 753 €
121 025 €
514 778 €

2019
365 907 €
112 467 €
478 374 €

TOTAL
2 130 176 €
678 347 €
2 808 524 €

APPENDIX 5. CASH FLOW CALCULATIONS OF PROJECT Y.
(CONTINUED)
8. Yearly discounted costs of test automation
Year
TAT
Automation
testers
Total costs
Year
TAT
Automation
testers
Total costs

2012
39 200 €

2013
65 083 €

2014
100 800 €

2015
78 060 €

2016
58 032 €

155 634 €

122 934 €

134 400 €

187 343 €

174 095 €

194 834 €

188 016 €

235 200 €

265 403 €

232 126 €

2017
53 928 €

2018
37 585 €

2019
34 927 €

TOTAL
467 615 €

134 819 €

125 285 €

93 140 €

1 127 649 €

188 747 €

162 870 €

128 067 €

1 595 264 €

APPENDIX 6. CASH FLOW CALCULATIONS OF PROJECT Z.
1. Nominal cost savings of test executions with automation
Executions / Test
h / Execution (manual)
Releases / Year
€ / workhour
h / year

6
1,5
2,5
20 €
1 680

Calculations:
Executions / Release

=

Tests / Release

*

Executions / Test

h (saved) / Release

=

Executions / Release *

h / Execution

h (saved) / Year

=

h (saved) / Release

*

Releases / Year

Work years (saved)

=

h (saved) / Year

*

h / Work year

Cost savings

=

h (saved) / Year

*

€ / Work hour

Year
Tests / Release
Executions / Release

2012
70
420

2013
200
1 200

2014
340
2 040

2015
450
2 700

h (saved) / Release
h (saved) / year

630
1 575

1 800
4 500

3 060
7 650

4 050
10 125

0,9
31 500 €

2,7
90 000 €

4,6
153 000 €

6,0
202 500 €

2016
570
3 420

2017
680
4 080

2018
750
4 500

2019
800
4 800

5 130
12 825

6 120
15 300

6 750
16 875

7 200
18 000

7,6
256 500 €

9,1
306 000 €

10,0
337 500 €

10,7
360 000 €

Work years
Cost savings
Year
Tests / Release
Executions / Release
h (saved) / Release
h (saved) / year
Work years
Cost savings

APPENDIX 6. CASH FLOW CALCULATIONS OF PROJECT Z.
(CONTINUED)
2. Cost savings by reducing the amount of rework
Year
Number of developers
Development costs
Avoidable rework without test automation
Avoidable rework with test automation
Yearly cost savings

2012
9
302 400 €
99 792 €
30 240 €
69 552 €

2013
14
470 400 €
155 232 €
47 040 €
108 192 €

2014
14
470 400 €
155 232 €
47 040 €
108 192 €

2015
14
470 400 €
155 232 €
47 040 €
108 192 €

Year
Number of developers
Development costs
Avoidable rework without test automation
Avoidable rework with test automation
Yearly cost savings

2016
14
470 400 €
155 232 €
47 040 €
108 192 €

2017
14
470 400 €
155 232 €
47 040 €
108 192 €

2018
14
470 400 €
155 232 €
47 040 €
108 192 €

2019
14
470 400 €
155 232 €
47 040 €
108 192 €

3. Costs of TAT (see appendix 1)
4. Costs of automation testers
Year
Number of testers
Costs of testers
% to automation testing
Costs of automated testing

2012-2019
3
100 800 €
70 %
70 560 €

APPENDIX 6. CASH FLOW CALCULATIONS OF PROJECT Z.
(CONTINUED)

5. Cumulative discounted cash flow
Year
Cumulative cashflow

2012
2 140 €

2013
106 943 €

2014
253 895 €

2015
445 822 €

Year
Cumulative cashflow

2016
670 808 €

2017
919 607 €

2018
1 174 302 €

2019
1 426 579 €

6. Yearly discounted benefits of test automation
Year
Total benefits
Total costs
Discounted cash flow

2012
117 017 €
114 877 €
2 140 €

2013
213 274 €
108 471 €
104 804 €

2014
261 192 €
114 240 €
146 952 €

2015
288 720 €
96 794 €
191 926 €

Year
Total benefits
Total costs
Discounted cash flow

2017
332 387 €
83 588 €
248 799 €

2018
332 372 €
77 677 €
254 695 €

2019
324 460 €
72 183 €
252 276 €

TOTAL
2 184 358 €
757 779 €
1 426 579 €

2016
314 935 €
89 949 €
224 986 €

7. Yearly discounted costs of test automation
Year
Automated test executions
Reduction of rework
Total benefits

2012
36 477 €
80 541 €
117 017 €

2013
96 849 €
116 425 €
213 274 €

2014
153 000 €
108 192 €
261 192 €

2015
188 180 €
100 541 €
288 720 €

Year
Automated test executions
Reduction of rework
Total benefits

2017
245 563 €
86 823 €
332 387 €

2018
251 688 €
80 683 €
332 372 €

2019
249 482 €
74 978 €
324 460 €

TOTAL
1 442 743 €
741 614 €
2 184 358 €

2016
221 504 €
93 431 €
314 935 €

APPENDIX

7.

CASH

FLOW

CALCULATIONS

OF

TEST

AUTOMATION AT THE THREE SELECTED PROJECTS.
1. Total discounted benefits of test automation

YEAR
PROJECT X
PROJECT Y
PROJECT Z
STL
TOTAL

2010
108 745 €
0€
0€
0€
108 745 €

YEAR
PROJECT X
PROJECT Y
PROJECT Z
STL
TOTAL

2016
528 118 €
539 113 €
314 935 €
174 095 €
1 556 261 €

2011
249 347 €
0€
0€
0€
249 347 €

2012
339 762 €
0€
117 017 €
0€
456 779 €

2013
399 024 €
10 653 €
213 274 €
0€
622 952 €

2017
516 434 €
527 470 €
332 387 €
161 783 €
1 538 074 €

2018
496 969 €
514 778 €
332 372 €
150 342 €
1 494 461 €

2019
468 319 €
478 374 €
324 460 €
139 710 €
1 410 863 €

2014
446 856 €
221 448 €
261 192 €
33 600 €
963 096 €

2015
488 854 €
516 688 €
288 720 €
93 672 €
1 387 934 €

TOTAL
4 042 430 €
2 808 524 €
2 184 358 €
753 201 €
9 788 512 €

2. Total discounted costs of test automation

YEAR
PROJECT X
PROJECT Y
PROJECT Z
STL

2010
56 320 €
0€
0€
0€

2011
209 347 €
0€
0€
0€

2012
276 834 €
194 834 €
114 877 €
0€

2013
182 954 €
188 016 €
108 471 €
72 314 €

2014
151 200 €
235 200 €
114 240 €
67 200 €

2015
124 895 €
265 403 €
96 794 €
62 448 €

TOTAL

56 320 €

209 347 €

586 546 €

551 755 €

567 840 €

549 540 €

YEAR
PROJECT X
PROJECT Y
PROJECT Z
STL
TOTAL

2016
116 063 €
232 126 €
89 949 €
58 032 €
496 170 €

2017
94 373 €
188 747 €
83 588 €
53 928 €
420 636 €

2018
87 699 €
162 870 €
77 677 €
50 114 €
378 360 €

2019
81 497 €
128 067 €
72 183 €
46 570 €
328 318 €

TOTAL
1 381 184 €
1 595 264 €
757 779 €
410 605 €
4 144 832 €
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Figure. Costs (grey) and benefits (black) of test automation.

3. Yearly discounted cash flow of test automation
YEAR
Cash flow

2010
52 426 €

2011
40 000 €

2012
-129 767 €

2013
71 197 €

2014
395 256 €

YEAR
Cash flow

2015
838 394 €

2016
1 060 091 €

2017
1 117 438 €

2018
1 116 101 €

2019
1 082 544 €

2011

2013

1 200 000 €
1 000 000 €
800 000 €
600 000 €
400 000 €
200 000 €
0€
2010

2012

2014

-200 000 €

Figure. Yearly cash flow of test automation.
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(CONTINUED)
4. Cumulative cash flow of test automation
YEAR
Cumulative cash flow

2010
52 426 €

2011
92 426 €

2012
-37 341 €

2013
33 856 €

2014
429 112 €

YEAR
Cumulative cash flow

2015
1 267 506 €

2016
2 327 597 €

2017
3 445 035 €

2018
4 561 136 €

2019
5 643 680 €

6 000 000 €
5 000 000 €
4 000 000 €
3 000 000 €
2 000 000 €
1 000 000 €
0€
2010

2011

2012

2013

2014

2015

2016

2017

2018

-1 000 000 €

Figure. Cumulative cash flow of test automation.

5. Development of benefit-cost ratio (BCR)
YEAR
BCR

2010
1,93

2011
1,35

2012
0,96

2013
1,02

2014
1,22

YEAR

2015
1,50

2016
1,77

2017
2,00

2018
2,20

2019
2,36

BCR

2019
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Figure. Development of benefit-cost ratio. Acceptance criteria (BCR = 1) is shown with
the straight line.

6. Development of return on investment (ROI)
YEAR
ROI

2010
93 %

2011
35 %

2012
-4 %

2013
2%

2014
22 %

YEAR

2015
50 %

2016
77 %

2017
100 %

2018
120 %

2019
136 %

ROI
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