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Abstract 

Efficiency as a term in software testing is, in the research community, a term that 
is not so well defined. In the industry, and specifically the test tool industry, it has 
become a sales pitch without meaning.  

GUI testing in its manual form is a time consuming task, which can be thought of 
as repetitive and tedious by testers. Using human testers to perform a task, where 
focus is hard to keep, often ends in defects going unnoticed. 

The purpose of this thesis is to collect knowledge on the area efficiency in 
software testing, but focusing more on efficiency in GUI testing in order to keep 
the scope focused. Part of the purpose is also to test the hypothesis that 
automated GUI testing is more efficient than traditional, manual GUI testing.  

In order to reach the purpose, the choice fell to use case study research as the 
main research method. Through the case study, a theoretical study was performed 
to gain knowledge on the subject. To gain data used for an analysis in the case 
study, the choice fell on using a semi-experimental research approach where one 
automated GUI testing technique called Capture & Replay was tested against a 
more traditional approach towards GUI testing. 

The results obtained throughout the case study gives a definition on efficiency in 
software testing, as well as three measurements on efficiency, those being defect 
detection, repeatability of test cases, and time spent with human interaction. The result also 
includes the findings from the semi-experimental research approach where the 
testing tools Squish, and TestComplete, where used beside a manual testing 
approach. 

The main conclusion deducted in this work is that an automated approach 
towards GUI testing can become more efficient than a manual approach, in the 
long run. This is when efficiency is determined on the points of defect detection, 
repeatability, and time. 
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Sammanfattning 

Effektivitet, använt som en term inom mjukvarutestning är, inom 
forskningsvärlden en relativt odefinierad term. Inom industrin, och speciellt 
testverktygs industrin, har ordet effektivitet blivit ett säljord utan betydelse. 

GUI testing enligt den mer traditionella manuella formen är en tidskrävande 
uppgift, som kan uppfattas som repetitiv och tråkig av testare. Att använda 
mänskliga testare för att utföra en uppgift som är svår att fokusera på bidrar ofta 
till att fel i mjukvaran inte upptäcks. 

Målet med den här uppsatsen var att samla kunskap inom området effektivt inom 
mjukvarutestning, men fokusera mer på effektivitet inom GUI testning. En del av 
målet var även att testa hypotesen att automatiserad GUI testning är mer effektiv 
än ett manuellt tillvägagångssätt. 

För att nå det målet valde jag att genomföra en fallstudie som mitt huvudsakliga 
tillvägagångssätt. Genom fallstudien genomfördes en teoretisk studie för att samla 
kunskap om ämnet. För att samla data att använda i fallstudien, genomfördes även 
semi-experimentellt tillvägagångssätt, där den automatiserade GUI testnings 
metoden Capture & Replay ställdes mot den mer traditionella manuella formen av 
GUI testning. 

Resultatet in den här uppsatsenbestår av en definition av effektivitet inom 
mjukvarutestning, där mätpunkterna fokuserar på möjlighet att hitta fel, 
återanvändning av testfall, och tid spenderad med mänsklig interaktion. Resultatet 
består också utav datan samlad i det semi-experimentella tillvägagångssättet där 
testverktygen Squish och TestComplete ställdes mot den manuella formen av 
testning. 

Den huvudsakliga slutsattsen är att ett automatiserat tillvägagångssätt för GUI 
testning kan, om man ser till ett bredare tidsperspektiv, vara mer effektivt än den 
manuella formen av GUI testning. Detta gäller när effektivtet bedöms på 
möjlighet att hitta fel, återanvändning, och tid. 
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Terminology 

In order to have a consistent terminology throughout this report, any person, 
regardless of its stated role in a software development project, who performs any 
test on the application under test, will be described as a tester. In this report, a 
developer is considered a person who develops the application under test. However, 
when a developer performs a test, that person temporarily takes the role of a 
tester. 

Abbreviations 

 

AUT Application Under Test 

GUI Graphical User Interface 

ISTQB International Software Testing Qualification Board 

MBT Model-Based Testing 
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1 Introduction  

This chapter will conclude the problem area, the purpose, and connected research 
questions for the thesis work. 

1.1 Background 

Software testing is a crucial part of software development. It does not matter if it 
is a software development project using an agile methodology with continuous 
testing, or a more traditional approach with testing at the end of a project. Since 
there still does not exist an approach towards software development that 
guaranties that no defect are generated. (Vance, 2013, ch. “The Role of 
Craftmanship in First-Time Quality”) Software testing is a part of the 
development process that is sometimes taken lightly or not performed at all. This 
can depend on several reasons like, knowledge (Vance, 2013, ch. “Testing”), or 
resources and time (Dustin, et al., 1999, p. xvi). 

Providing the industry with a way to determine if an automated approach could be 
the way to go, depending on efficiency, implies the assumption that companies 
could ease their work load. Resources, like man-power could be relocated to 
project phases that are deemed in more need of attention. 

The scientific knowledge gap in this area is how to measure and determine 
efficiency of specific techniques or approaches towards software testing, and thus 
in turn, also GUI testing. The research material on that area is fairly limited, so far 
the author have only found three papers attending to the subject, those are (Eldh, 
2011), (Huang, 2005), (Black, 2007). The aim of this work was to contribute with a 
fraction of knowledge to the collective knowledgebase. 

This master thesis was held at a consultancy firm in Jönköping, Sweden, called 
Combitech. The consultants at their department in Jönköping acts both as 
consultants at customer site, and perform complete projects at their own office. 

This thesis work was performed according to the case study research 
methodology, contain an in depth study into the subject areas through a literature 
review, and a practical validation phase with an experimental like approach to gain 
data used for comparison between testing approaches. 
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1.2 Purpose and research questions 

The purpose of this work is to gain a deeper understanding of existing 
frameworks and methodologies used for automated GUI testing in software 
development projects. Also, how efficient these are in comparison towards a 
manual approach to the same task has to be investigated.  

In order to achieve the objective, an approach to measure the efficiency of a GUI 
testing technique has to be found. Especially, measurement of efficiency is the 
most crucial part of this study and there by the efficiency will become the main 
point of the result analysis. In order to fulfill this purpose, the author has to define 
three research questions: 

 
1. How could efficiency for a GUI testing technique be measured? 

2. Is an automated approach more efficient than a manual approach to GUI 

testing? 

3. What are the benefits and drawbacks of  adopting an automated approach 

to GUI testing? 
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1.3 Delimitations 

A software development project typically has several forms of testing. In order to 
limit this research project so that it fits into a master thesis, the decision has been 
made to focus the scope onto GUI testing. In this case, GUI testing is defined as 
testing that the GUI meet its written specifications and is working functionally 
correct, not if the GUI meet design or usability requirements. 

This study is based on automated GUI testing techniques. Previously completed 
research relevant to this will be used throughout the case study. There is however 
no attempt to develop a new technique for automated GUI testing; instead the 
focus will stay on how efficiency of existing testing techniques can be measured.  

In order to validate this thesis work, an experiment will be performed using found 
testing techniques. In order to utilize these techniques, two automated GUI 
testing tools are used. However, there will be no attempt to create such a 
technique or tool. 

The area of applications of this thesis work is PC applications. Applications 
developed and intended for other environments will not be included in this work.  

Regarding definition of efficiency; in this thesis work efficiency is determined on 
the basis of defect finding capability, time, and repeatability of test cases. Other 
determination points could possibly be used but are not included in this paper. 

 

1.4 Outline 

The structure of the rest of this report is as follows; first a theoretical background 
covering previous research as well as in-depth studies of the research area. The 
chosen research method, case study research, will be described and argued. The 
implementation of the experimental phase will be explained and the findings from 
the work will be presented. Discussion about the work, work structure, and 
findings, as well as suggested future research, will conclude the report. 
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2 Theoretical Background 

The theoretical background will cover useful material for understanding the rest of 
the thesis, including previously performed research. It is structured to cover the 
basis of software testing, including GUI testing and move onto automated testing, 
including automated techniques that are GUI specific and tools that utilize these 
automated GUI testing techniques. The topic of efficiency in software testing 
concludes the theoretical background. 

2.1 Software testing 

Software testing described by the International software testing qualification 
board, ISTQB (2011, p. 13) is not only the process of running tests, i.e. executing 
tests on the software. That is only one of many test activities. Test activities exist 
before and after test execution and include a variety of phases such as the 
following: (ISTQB, 2011, p. 13)  

 Planning and control of tests. 

 Choosing test conditions. 

 Design and execute test cases. 

 Check and analyze result. 

 Review documentation. 

 Conduct static analysis. 

Finding defects is not the only objective of testing. ISTQB (2011, p. 13) states that 
the objectives of testing vary depending on need. The objectives could be, finding 
defect, gaining confidence about the level of quality, providing information for 
decision-making, or preventing defects. 
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2.1.1 Why testing is needed 

Time pressure exists in almost every field where a company or an organization 
wants to generate money. The time pressure has been a common reason for 
ignoring testing as a part in the development process and has instead been placed 
at the end for validation of the end result. However the argument that software 
testing is too time-consuming is a faulty argument. If no tests are performed at all, 
then the code will most likely become unstable. The more unstable code there is, 
the more bugs have to be fixed. In itself, this creates even more pressure on the 
developers.  Introducing testing into a software development project at the 
beginning of the project will generate more stable code from the start, and ease up 
the identification of defects, thus giving more time for development. (Link, 2003, 
ch. “introduction”)   

Testing an application for bugs that should not exist according to the time plan 
could be viewed as a waste of time, but since there have not yet been a thought 
out development methodology that guaranties to 100% that there will not be any 
defects in the result (Vance, 2013, ch. “The Role of Craftmanship in First-Time 
Quality”) only leaves us with one option, test everything, test regularly, and test it 
early.  

2.1.2 Defining test cases 

Test cases normally consist of input, output, expected result, and an actual result. 
Every test case represent a small sequence of events tested, and by that reasoning, 
more than one test case is required to test a whole software system. Several test 
cases combined, creates a test suit (Isabella & Emi Retna, 2012, p. 139). A test suit 
also includes a guidelines or objectives for each collection of test cases (Isabella & 
Emi Retna, 2012, p. 140). 
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2.1.3 Black-, White-, and Grey-box testing  

Functional or specification-based tests are often called black-box tests. These tests 
only rely and take into account what is visible from the outside of the software, 
meaning that the software specifications and functionality are tested without 
knowledge, or interaction directly with the source code (Link, 2003, ch. 4.2) 
Interaction with the software is instead performed as a specified user would 
interact with the software. 

White-box tests, also called implementation-based or structural tests. The White-box 
approach towards testing uses knowledge of the source code to determine critical 
test cases and execution paths (Link, 2003, ch. 4.2)  

Grey-box testing is a combination of both black-, and white-box testing, where 
knowledge about the components are gained from the source code in order to get 
an in-depth understanding of the problem area when an error is detected (Dustin, 
2002, p. 42). However grey-box testing differentiates from white-box testing in the 
way that grey-box examines functionality and white-box examines code.  

2.1.4 Test Oracles 

All software tests executed need to be verified, and analyzed to determine that the 
software have behaved correctly under the test. The individual or machine that 
performs the task of verifying the correctness of the software execution is called 
an oracle. (Baresi & Young, 2001, p. 3) (Memon, et al., 2000, p. 31) 

The test oracle is most often a human tester who is tasked with reviewing the 
behavior of a software system. Baresi & Young (2001, p. 3), state that a human as 
oracle, called eyeball-oracle, have the advantage to understand incomplete, natural-
language specifications. However, humans are also error prone when assessing 
complex behaviors and the accuracy of a human oracle often degrades when 
numbers of tests increase.  

Memon et al. (2000, p. 31), have tried to tackle the problem by creating PATHS, 
an automated oracle directed for GUI testing. Based on artificial intelligence-
planning, PATHS, like other approaches, tries to derive what expected result 
should be given on execution based on the test cases.  
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2.2 GUI testing 

GUI testing is the testing process where the testers verify that the software’s 
functionality that reside in the GUI lives up to the written specification, meaning 
that the functionality works as described (Isabella & Emi Retna, 2012, p. 139). 

GUI tests can be executed either manually by humans or automatically by 
automated tools. Manual GUI testing is considered a time consuming, and error 
prone task. The argument of time consuming is based on that for every GUI, 
there is a high number of possible test sequences. Error prone come from the fact 
that humans sometimes they do not think straight, and test cases could be missed 
(Isabella & Emi Retna, 2012, p. 139). 

GUI testing is as described above, testing of functional requirements. Testing of 
non-functional requirements such as usability testing is not the same, or part of, 
GUI testing. Usability testing handles the question of how the user perceives and 
navigate through an interface (Nielsen, 1993, p. 165). By having a real user or 
simulating how users would have used the system, a usability test can ensure that 
the end-users will accept and understand the delivered product.  

GUI testing handles the questions of requirement specifications set on the GUI, 
not only the navigation path or sequences that would be performed by a normal 
user, but also other sequences that a user can unforeseeably take through the GUI. 
These sequences could generate faults or failures in the software system and need 
to be tested. (Isabella & Emi Retna, 2012, p. 139) 

2.2.1 What GUI testing is used for 

GUI testing could be used for two types of testing. Firstly, there is functionality 
testing, where a tester test the system against written functional requirements for 
the application under test. The second use of GUI testing is the one that have 
become the main form for using automated tools to perform, that is regression 
testing. In regression testing, the tester wants to assure that any committed change 
in the application structure have not contributed to failure in previously working 
functionality.   

2.2.2 Test cases in GUI testing 

When formulating test cases, events are taken into account. An event represents a 
single interaction a user performs towards a GUI, such as clicking a button, radio 
button, or a checkbox. This also includes filling in a data widget such as a textbox 
or combo-boxes, where there are an exponential number of events.  

As an example, imagine a textbox that takes 10 characters limited to only the 
characters a-z in lower case, then the number of possible inputs into that textbox 
is 1026. (Ganov, et al., 2009, p. 1). 
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2.2.3 Approaches towards GUI testing 

Most testing methods for GUI testing are based on a Black-box approach when 
defining test cases. By using a black-box approach, the testers will have to rely 
only on the specified functionality requirements for the GUI and do not bother 
with the source-code at all. However, Arlt et al. (2012, p. 2), suggest a grey-box 
approach, giving the advantage of having knowledge of the source code for the 
event handlers. By knowing which fields are modified and read upon execution of 
an event, opens the possibility to prioritize event sequences. The result of Arlt et 
al. study (2012, p. 9), shows that grey-box testing is more efficient than black-box 
testing if efficiency is determined by mean time for execution of test cases. 
However, it does not give a definite answer to the question if the grey-box 
approach was more effective than a black-box approach when it comes to code-
coverage. Arlt et al. state that they did not have enough evidence to prove that 
connection, but at the same time Arlt et al. state that the grey-box approach 
produce a lot less test cases in most experiments. 

Baker et al. (2008, p. 48), state that White-, and Grey-box approaches towards 
testing are directed towards domains of Unit, Component, and Integration level 
testing. This is because these levels of testing require implementation details or 
cover criteria for communication between implementation components. GUI 
testing relies on specified functional requirements and for most situations does 
not have the same criteria, thus making Black-box testing sufficient enough for 
GUI testing. 
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2.2.4 Test case generation and execution 

When testing a GUI there are some different approaches for test case generation 
and execution. Focusing on the basic ideas, there are four different: (Eldh, 2011, 
p. 26) 

1. Fully manual. The tester writes a text description representing some of all 
existing test cases and executes them one by one. This approach is a time 
consuming task and events that could transpire in the software product 
might be missed. 

2. Automated test case generation and manual execution. The tester uses a software 
tool to map the software to be tested. The tester then takes the generated 
test cases and uses these in order to test the GUI manually. 

3. Manual test case generation, automated execution. The tester writes code, scripts, 
or records event sequences that represent test cases that later on will be 
executed on the software to be tested. The manually produced tests then 
serve as a representation of how a human would have interacted with the 
GUI when it is executed. 

4. Fully automated. Test cases are generated by mapping the interface, then 
executed by a testing tool. 

The fully- (4) and semi-automated (2 & 3) approaches will be further explained in 
section 2.3 
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2.2.5 Obstacles of GUI testing 

Manual GUI testing is a time consuming task, and in some automated techniques 
such as capture and replay (2.4.1) test cases are specified and created manually to 
some extent (Memon & Soffa, 2003, p. 118). 

The GUI of an application changes a lot during the development of a system even 
if the underlying code does not change. These changes can, even if they are only 
minor, break test cases, targeted to specific details, meaning that if performed 
would give a negative result, or even able to run at all (Memon & Soffa, 2003, p. 
118). This obstacle affect the tester in such a way, that the tester has to go through 
all test cases, and for each decide, if the test case is still valid, able to be executed 
as designed, or now useless. 

A change in the interface structure also opens the possibility for new test cases to 
exist. These new paths have to be pointed out and corresponding test cases should 
be designed. Obstacles like these have made several testers either decides to ignore 
GUI tests at some point, or to take the decision to automate the test case 
generation, looking for automated approaches to build, or repair test cases. 

2.2.6 Attempt to overcome obstacles of GUI testing 

Memon and Soffa, have developed a test case checker (Memon & Soffa, 2003, p. 
122) which task is to go through test cases and decide if they are still valid, or if 
they are able to be saved if no longer valid. Consequently, Memon and Soffa, 
developed a test case repairer as well (Memon & Soffa, 2003, p. 126). 

The task of the repairer is to go through the event sequence of a test case. When 
the repairer finds an illegal event, meaning a no longer valid event since the 
change in the GUI; the repairer removes or replaces the event. If the repairer 
finds several ways to repair a test case, then all are performed to generate several 
new test cases.  

In one of their case studies, using Adobe Reader as software under test, Memon 
and Soffa found 296 (74%) unusable test cases after a change in the GUI. Out of 
these 296 test cases, 211 (71.3%) were successfully checked and repaired to a 
similar state as the original test cases. This was performed in under on half of a 
minute (Memon & Soffa, 2003, p. 125). Manually, it would have taken several 
hours. 
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2.3 Automated testing 

This section will cover the basics of automated testing, including the components 
that generally occur in such an approach towards testing. 

2.3.1 Introducing test automation 

When an automated approach towards testing is introduced to a software project, 
there are some things to take into consideration before the decision is made to 
embrace what may be a new way to consider testing, i.e. a new approach towards 
software testing. Dustin, Rashka, and Paul (1999, p. 30), also found that there are 
many false expectations in the term automated testing. They found that personnel 
who are inexperienced with automated testing often assume that it will be low 
effort and great result, believing that automated testing tools take care of 
everything from test planning to test execution without any manual labor, or that 
any test tool can fit every environment (Dustin, et al., 1999, p. 32). 

Before the decision to follow an automated testing methodology is made, some 
preparations have to be performed. Dustin et al. (1999, p. 31), suggest the 
following steps:  

1. Overcome false expectations. 

2. Understanding benefits of automated testing. 

3. Acquire management support. 

4. Review types of tools available. 

5. Create test tool proposal. 

The fact is that the efficient automated testing tools are not simple, neither to 
learn nor use, at least not for the first time (Dustin, et al., 1999, p. 34). 

2.3.2 Techniques vs. Tools 

A technique in general is described as “the means or procedure for doing 
something” by Merriam-Webster thesaurus. A tool however is defined by the 
same source as “an article intended for the use in work”. (Merriam-Webster, n.d.) 

From the definition described above the author derive that a technique can be 
utilized through a tool. In the context of automated GUI testing the definition 
then becomes that techniques are a methodology or approach towards testing that 
a developer of the testing tool might have had in mind, or the approach that the 
tester who uses the tool have in mind . The techniques are thus formulated ideas 
on how tests can be automated, and how a software testing tool would have to 
behave in order to resemble said approach. (Merriam-Webster, n.d.) 

The techniques further analyzed in this thesis are Capture & Replay, and Model-based 
testing. These techniques will be further explained in section 2.4 of this thesis. 
Tools designed to utilize the GUI testing techniques will be described in section 
2.5 
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2.3.3 Structural GUI analysis (GUI Ripping) 

Structural GUI analysis or GUI ripping as it is also called is the process of 
mapping all components of an application under test.  

The ripping process is a dynamic and iterative process that goes through the entire 
GUI structure. Starting at the application’s first window, the ripper extracts 
properties of all widgets, i.e. buttons, menus textboxes, etc. The properties contain 
size, position, background color etc. 

The ripper works iteratively, by executing commands on all menus and buttons, 
the ripper can open all other windows of the application and map the properties 
of the corresponding widgets. (Memon, et al., 2005, p. 40).  

The second step of the GUI ripping process, as explained by Memon et al., is a 
visual inspection of the extracted structure in order to make corrections so it 
conforms to software specifications (Memon, et al., 2005, p. 40). 

By using a GUI ripper, the tester is given the opportunity to convert the data 
collected from the ripping process to a suitable event graph such as the graphs 
needed in model-based testing. (Isabella & Emi Retna, 2012, p. 145) (Memon, et 
al., 2005, p. 43) (Yuan & Memon, 2010, p. 559). Model-based testing and the use 
of event graphs will be further explained in section 0. 
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2.3.4 Verification of test result with automated oracles 

As described in section 2.1.4 in this thesis, an oracle is the person, machine, or 
software that verifies that the application under test executes correctly. Having the 
role of an oracle placed on a person that manually has to perform the task, could 
defeat the purpose of automated testing. The reason for this is that this task is 
very time consuming and thus expensive for a software project. (Takahashi, 2001, 
p. 83) 

Some research projects (Yuan & Memon, 2010), have distanced themselves from 
oracles by defining their tests to account crashes of the application under test as a 
failure. However, an unexpected crash of the application under test is not the only 
sign that determines if the application under test has behaved correctly. 

Automating a test oracle, means that the testing tool has to be able to determine 
coherently for all individual test cases if the specific test case execution is given a 
pass or fail. The determination has to be based on a calculated expected output 
depending on the given input, and this is where the challenge lies (Lamancha, et 
al., 2013, p. 304). According to Lamancha et al., the problem with automated 
oracles is that there is no concrete approach to how an automated oracle can 
obtain an expected output of a test case execution. 

Even though there has been extensive research performed in order to create a 
fully functional and fully automated oracle, none have produced a completely 
automated oracle, and Lamancha et al., states that it is unlikely that there will ever 
be ideal technique to produce such oracle. There have however, been many semi-
successful attempts where the researchers have been forced to make compromises 
and ignore some of the oracles tasks in different situations (Lamancha, et al., 2013, 
p. 304), much like Yuan and Memon did (Yuan & Memon, 2010). 

Lamancha et al., tried to solve the problem of an automated oracle tasked to 
obtain an expected output. In order to derive an expected result, Lamancha et al., 
used a model driven approach, using an UML state machine to analyze the 
application under test, and calculate an expected output. (Lamancha, et al., 2013, 
p. 318).  

Lamancha et al., may have been one of the successful ones whom have created a 
technique to generate an automated oracle able to derive an expected output. 
However, in GUI testing, an output is not the only way to define a result. Memon 
et al. (2000), have as previously stated, created PATHS, an automated oracle that 
determines an expected state of the GUI. PATHS derive this expected state 
directly from the GUI specifications found in a GUI model (Memon, et al., 2000, 
p. 38). 

There are several approaches towards automating a test oracle for GUIs. 
Lamancha et al., Memon et al., and Yuan and Memon, have come up with the 
different approaches, described above, to the problem, all successful in their own 
way. 
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2.4 Automated GUI testing techniques 

In this section the different techniques that exist in the automated GUI testing 
industry are explained in detail. 

2.4.1 Capture & Replay 

General 

Capture & Replay tools applied for GUI testing are development environment 
extensions or standalone applications, tasked with recording user interactions in 
order to reproduce them later, without continuous user interaction. (Adamoli, et 
al., 2011, p. 809) (Memon, et al., 2005, p. 44&61) 

Tool usage 

The capture and replay tool would be activated by a tester, then record the 
interaction sequences that the tester performs towards the application under test. 
The tool stores the interaction sequences as test cases into a log. The test cases 
can later on be retrieved and on demand from the tester be executed again. 
(Memon, et al., 2005, p. 61) 

A presentation-functionality is often available in this technique, which is used to 
present results of the entire run time so the tester can review it later. The tester is 
thus no longer required to sit idle by and follow every executed test case. (Memon, 
et al., 2005, p. 61) 

Figure 1 shows a simple description of how a capture and replay tool works. 

 

 

Figure 1. Usage of Capture & Replay tool (Illustrated by author of this thesis) 
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Verification points 

When it comes to recording user interactions in order to form test cases there are 
three different approaches: pixel position, object property, and interaction event-based.  

Pixel position use, as the name suggest, pixel positions in order to remember exactly 
where objects in the GUI resides, thus setting an exact position on the screen 
where to simulate a mouse click etc. This approach strongly relies on that the GUI 
structure stays intact, and if the application is in window-mode, that the 
application is in the same position as it were in the original execution.  

Object property takes use of defined properties of GUI objects, such as id or names 
of an object like a button etc. The object properties are then later on used to 
identify and select the object to interact with.  

Adamoli et al. (2011, p. 803), used an interaction event-based approach. This approach 
recognizes system events such as different mouse event, i.e. mouse position, 
movement, click, and release events. It also recognizes keyboard events such as 
key presses etc. 

Potential drawbacks with Capture & Replay 

Potential drawbacks with a Capture & Replay technique, according to Nguyen et 
al. (2010, p. 24), is the fact that design and creation of test cases is still a manual 
process. Also since the GUI of a software product change a lot during the 
development, many of the test cases used for one version could be unusable for 
the next. Nguyen et al., also state that the largest drawback with the Capture & 
Replay technique is the maintenance cost. 
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2.4.2 Model-based testing 

General 

Model-based testing (MBT) is a structured way to test applications and determine 
the result of tests against models of the system. The models of the system, works 
as a reference of how the structure of the application should have been 
implemented. (Silva, et al., 2008, p. 79) 

When using MBT for testing of the GUI for an application, one execution of the 
test cases against the implanted application is performed, and one execution of the 
test cases against the models are performed. (Silva, et al., 2008, p. 79)  

The verification of the result is performed by comparing the two executions, 
viewing the model execution as a reference on how the application execution 
should have been performed. Any deviations in results are considered a possible 
defect in the application. (Silva, et al., 2008, p. 79) 

Test case generation in a MBT approach 

A model only describes a structure of the application. In order to generate test 
cases that are directly executable, other components has to exist. Silva et al. have 
identified, that a complete automated tool need three additional components. 
These components may, or may not be integrated with a MBT testing tool.  

The following components are what they have identified (Silva, et al., 2008, p. 80): 

 An adaptor to simulate user action over a GUI. 

 A mapping functionality that map the concrete user actions on the GUI. 

 A modeling functionality that models all possible interactions on the GUI. 

A GUI ripper could take care of the two latter components and could then be 
used as an addition to the MBT approach. Yuan and Memon (2010), identified the 
same problem and developed and took use of a GUI ripper in their approach 
when creating ALT. 
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ALT – A research approach towards MBT 

ALT is a fully automated GUI testing technique developed by Yuan and Memon 
(2010). ALT is based on a MBT technique for GUI testing and is able to automate 
the generation and execution of test cases, as well as the generation of event 
graphs through GUI ripping. (Yuan & Memon, 2010, p. 571)  

There is however one unavailable part in this approach, there is no fully 
automated testing oracle included tasked to determine if the application under test 
has executed correctly on every test case. Yuan and Memon, state that instead of 
an automated oracle, success or failure of test is determined by inspection of if the 
application under test crashes i.e. terminates unexpectedly, or throws an uncaught 
exception, a so called crash test. Such crashes can be found by the script that 
executes the test cases. Yuan and Memon, thereby state that ALT is a fully 
automated GUI testing process for crash testing (Yuan & Memon, 2010, p. 571). 

Potential drawbacks with MBT 

There is one crucial aspect that is required to be met in order to succeed with a 
MBT approach for GUI testing, the models have to be correct and represent the 
whole system. For this to succeed Silva et al., state that the models need to be 
expressed in the same level of abstraction as is required during the GUI design 
process. Silva et al., also state that it would be more beneficial if models created 
during the design phase of the software project were used instead of creating 
models just to aid testing. (Silva, et al., 2008, p. 78) 

Modeling just to get a base for testing is a time consuming task that could be 
compromised if the person responsible for testing the GUI, also is tasked with 
creating the models. Not only because that person may not know the entire 
structure of the application under test, but also the person responsible for testing 
may not have the same idea of how the system should behave as the designer of 
the system would. 
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2.5 Automated GUI testing tools 

As described in 2.3.2. A software testing tool is defined as a tool that builds on the 
idea or utilizes the approach a software testing technique is based on. This section 
covers some of the tools the author have come across in the research of 
automated GUI testing techniques. 

2.5.1 Quick overview 

Table 1summarizes the main details of technique utilized, and manufacturer 
responsible for each tool that is described later on in this chapter. 

Name of tool Technique Created by Previous name 

Squish Capture & Replay Froglogic - 

TestComplete Capture & Replay SmartBear 
Software 

TestComplete by 
AutomatedQA 

HP FTS Capture & Replay, 

Possibly MBT 

Hewlett-Packard 
Development 

Company 

HP QTP 

Mercury QPT 

eggPlant Imaged based 
Capture & Replay 

TestPlant - 

Spec explorer MBT Microsoft - 

Table 1. Collection of relevant details concerned with each tool. 
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2.5.2 Literature by source 

The literature used in the later description of each tool is not always scientific 
literature. Table 2 shortly defines what type of literature each one is.  

Name of tool Scientific 
material 

Non-scientific 
material 

Manufacturer 
information 

Squish (Burkimsher, et 
al., 2011) 

(Saxena, 2012) (Froglogic GmbH, 
2014) 

TestComplete (Alpaev, 2013) 

(Kaur & Kumari, 
2011) 

- (SmartBear 
Software, Year 

unknown) 

(SmartBear 
Software, 2012) 

HP FTS (Vizulis & 
Diebelis, 2012) 

(Nguyen, et al., 
2010) 

- (Hewlett-Packard 
Development 

Company, 2012) 

eggPlant - - (TestPlant, Year 
unknown) 

Spec explorer - - (Microsoft 
Developer 

Network, 2014) 

Table 2. Classification of literature used during research of GUI testing tools 
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2.5.3 Squish 

Squish by Froglogic is an automated GUI testing tool that has identified itself as a 
cross-platform tool. The company has a vision that Squish shall be the automated 
tool that works against more development language and runtime environments 
than their competitors. They are a long way on that vision, and to this date, 
provide capability to test application in almost all IT environments (Saxena, 2012). 

Squish utilizes the Capture & Replay technique for GUI testing, were the user 
records the test and Squish automatically builds test scripts (Burkimsher, et al., 
2011, p. 1). In order to ensure reusability of test cases, the developers of Squish 
has added an option to separate test data from test cases. By doing so, the tester 
can more easily change the test cases after preferences between test sessions 
instead of having to record the test cases all over again. (Saxena, 2012)  

This is a commercial tool where the size of the licensing fee varies depending on 
the amount of testers that will have Squish as a tool in their arsenal on software 
testing (Froglogic GmbH, 2014). 

2.5.4 TestComplete 

TestComplete developed by SmartBear Software is a GUI testing tool that utilizes 
the Capture & Replay technique.  The tool uses a White-box approach in order to 
gain a more in-depth level of GUI testing (SmartBear Software, 2012, p. 5). By 
interacting with the Windows environment that the test is performed in, 
TestComplete gains deeper knowledge about the application under test. The tool 
is able to extract object properties from the application and can thus identify 
objects, such as buttons and text-boxes by their assigned identification (Alpaev, 
2013, ch. 1 “Understanding how TestComplete interacts with tested 
applications”). This gives the possibility to not only rely on pixel position, and 
furthermore, it gives the tool a theoretical advantage on reusability of test cases. 

In terms of development environment coverage, TestComplete is able to test 
applications developed in C++, .NET, Java, and Delphi languages as well as 
interface specific languages, like Qt and WPF. (SmartBear Software, Year 
unknown).  

According to Kaur & Kumari (2011, p. 5), TestComplete have some advantages 
against HP FTS. One of these being that TestComplete offers an ease of access 
toolbar for recording events, thus giving the tester the opportunity to insert 
checkpoints into the test case, when the tester is records the test cases. 
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2.5.5 HP Functional Testing Software (FTS) 

HP Functional Testing Software, or HP FTS for short, is an automated GUI 
testing tool included in HP Unified Functional Testing (UFT) software suit 
(Hewlett-Packard Development Company, 2012, p. 5).  

HP FTS is developed based on its predecessor, HP QuickTest Professional 
(QTP), which in itself was initially a product of the company Mercury, but came 
into the hands of HP when Mercury Interactive was acquired by HP (Vizulis & 
Diebelis, 2012, p. 37).  

According to Nguyen et al., QTP had the ability acquire all events, event 
sequences, and widget attributes from the application under test, making these 
available for the tester by using a GUI ripper like functionality. (Nguyen, et al., 
2010, p. 26) 

QTP was often used as a Capture & Replay tool, and it was considered one of the 
most popular Capture & Replay tools used in the industry of software testing 
(Nguyen, et al., 2010, p. 28).  

 

2.5.6 eggPlant Functional 

Capture & Replay tool, developed by TestPlant, which bases the test case scripts 
on image- and text-recognition in order to be a fully black-box approach. A 
noticeable feature for this approach is that the image-based test case creation has 
the potentiality to create more reliable, and reusable test cases. (TestPlant, Year 
unknown) 

2.5.7 Spec explorer 

Developed by Microsoft as an extension to Visual Studio, this tool is a Model-
based testing tool used for generation of models describing applications 
behaviours. Another feature for this tool is generation, and execution of test cases. 
This tool is aimed for development of software written in C#. (Microsoft 
Developer Network, 2014) 
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2.6 Efficiency of software testing 

In order to be able to measure anything on the testing techniques found, we first 
have to define the aspect we want to focus on. In this paper, the focused aspect is 
efficiency, but other notable aspects are effectiveness and applicability. 

2.6.1 Definition of efficiency 

In Eldh’s PhD dissertation (2011, p. 29), on the topic of test design techniques, 
Eldh gives a definition that efficiency of test design is how fast the techniques is 
understood, as well as the efficiency of a test case is determined by how fast it is 
executed, and how fast a verdict can be determined (Eldh, 2011, p. 29).  

Eldh furthermore states that this closely relates to automated testing, and that 
efficiency in creation, and execution of test cases is what often is considered when 
the choice to move towards automated testing needs to be justified. The key term 
in Eldh’s statements all relates to how fast, meaning how fast in time. Broken 
down, efficiency is how fast a specified task can be understood, performed, and 
analyzed. (Eldh, 2011, p. 29) 

2.6.2 Efficiency, Effectiveness and Applicability 

Effectiveness 

Effectiveness is generally, a measurement of coverage. The same applies for 
software testing techniques. Two techniques effectiveness could be compared on 
their respective coverage for the same application under test. One way to 
determine the coverage could be fault finding ability. (Eldh, 2011, p. 29). 

Applicability 

Applicability takes environmental questions into a measurement. In the context of 
software testing, these questions could be: (Eldh, 2011, p. 24) 

 Will this technique fit into our development methodology? 

 Under which circumstances can this technique be used?  

 Will these test cases be reusable? 

Efficiency combined with Applicability 

Efficiency and applicability is already closely related in the way that applicability 
can give a sense of meaning to an efficiency measurement (Eldh, 2011, p. 30). 
Applicability adds the situation specific context into an efficiency measurement. 
An example could be the time to learn, and perform a specific technique in a 
specific situation. The efficiency measurement is then the ability to learn and 
perform the technique, and the applicability measurement takes the situation 
aspect into consideration. 
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2.6.3 What and how to measure efficiency 

Defect detection 

The most important part of software testing is defect detection; it is the main 
reason why an application is tested. By that reasoning, the first efficiency 
measurement point is deducted, defect detection efficiency (Dustin, et al., 1999, p. 
112). Dustin et al. is not alone in stating this connection between defect detection 
and efficiency, Another researcher named Huang stated that “if we want to 
increase testing efficiency, the number of faults detected is the key factor” (Huang, 
2005, p. 146). 

To determine defect detection efficiency, defect found cannot be the only focused 
aspect, and assume that all found defect are classified as actual defects. The 
relationship between valid defects, invalid defects, and missed defects also has to 
be analyzed. In this thesis, valid defects are defined as identified flaws deemed as 
defects by the tester and developers. Invalid defects are defined as flaws identified 
not deemed as defects by the tester and developers due to several reasons such as 
incorrect defect detection filter, etc. 

Missed defects are an important factor since cost of correcting defects after a 
release of an application is a costly adventure. The cost may not only amount in 
concrete sums of money, but also satisfaction and loss of customers. (Black, 2007, 
p. 5) 

Repeatability 

The second efficiency measurement is one of the main reasons why a company or 
an organization would consider automated testing, which is repeatability (Dustin, 
et al., 1999, p. 113).  

In order to determine the extent of how repeatable parts of a technique in action 
are, the focus lies on how well test cases can be executed over and over again 
(Dustin, et al., 1999, p. 113).  

If test cases are deemed broken after minor changes to the GUI, then a 
refactoring process of the test cases will have to take place, this is a time 
consuming task. The ratio of repeatable versus useless test cases after a minor 
change in the GUI can thus be used as an efficiency measurement point. 

Time 

Efficiency as an attribute of a tester is defined by Kaner and Bond, as “how well 
the tester uses time, achievement of results with a minimum waste of time and 
effort” (Kaner & Bond, 2004, p. 6). By expanding this definition and stating that 
the automated testing tool utilizing a testing technique as a possible replacement 
for a tester or extension of a tester, then time efficiency as one part of the overall 
test efficiency measurement. Measuring both man and machine hours used for 
learning and applying a technique through an automated testing tool, could give an 
additional measurement factor to define how well other factors, such as defect 
detection, really is. 
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2.6.4 What to measure 

Here is the collection and summary of measurement points and connected units 
to measure that have been derived from the literature study.  

Efficiency measurement Unit 

Defects  

Valid defects found Number of. 

Invalid defects found Number of. 

Missed defects Number of. 

  

Repeatability  

Repeatable test cases Number of. 

Non-repeatable test cases Number of. 

Number of test cases Number of. 

  

Time  

Preparation time Hours, minutes, and seconds. Human 
interaction 

Execution time Hours, minutes, and seconds. Human 
interaction 

Analytic time Hours, minutes, and seconds. Human 
interaction 

Over all time Hours, minutes, and seconds. 

Table 3. Summary of efficiency measurement points



Method 

25 
 

3 Method 

The purpose of this work is to understand the concept of efficiency in software 
testing by focusing on GUI testing and efficiency in the corresponding testing 
techniques. Also there is a need for deeper understanding on the existing 
automated GUI testing techniques, and how well they stand against a traditional 
manual approach towards GUI testing.  

In order to gain some real-life data to be used for determining if testing efficiency 
could be measured accurately in software testing, a research method was needed.  

In social studies, case study research is defined as “a means of developing an 
understanding of social phenomenon in their natural setting” (Darke & Shanks, 
2002, p. 111). In software engineering however, case study research has become 
somewhat different. Runesson et al., states that case study in software engineering 
has similar objectives, but its main use is to improve, and understand engineering 
processes and the resultant software product (Runesson, et al., 2012, p. 3). If there 
is a need to understand or compare different approaches that exist in software 
engineering projects, then a case study is an appropriate research approach.  

In this situation there exists a need for more research in the subject of efficiency 
of software testing. Also as more and more companies move to agile development 
methodologies, including more efficient testing procedures, the relationship 
between automated testing and efficiency need to be understood. For this 
situation, automated GUI testing has been chosen as the subject, and the 
phenomenon of companies adopting automated GUI testing techniques in order 
to work more efficient is in focus. 

Case study research is not the only approach that looks at a specific situation to 
gain a deeper understanding. Action research is an approach which according to 
Oosthuizen “is often intended to bring about change of practice, while creating 
knowledge at the same time” (Oosthuizen, 2002, p. 161). Action research is a 
practical approach that combines action and research in a cyclic manor where 
action and reflection goes hand in hand to implement change in a software 
engineering project. 

Comparing these research approaches, case study research was judged the more 
useful approach for this situation. The reason for this choice of method is that it is 
a method that collects data in order to understand a situation. Also Action 
research has a main focus to bring about change. While this work could lead to a 
change in work strategy for a company, it is still not the main focus. The main 
focus is to understand the relationship between efficiency in software testing and 
automated testing techniques. The scope was furthermore narrowed down to have 
GUI testing in focus, where the question was if the testing process can become 
more efficient if an automated approach towards testing was applied in a software 
engineering project. 
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Case study research, by itself, does not collect data out of nowhere; an additional 
research approach needs to be used to get the data in order to realize the case 
study. Experimental research is a research approach where reliability and validity 
are two major aspects in the resulting data (Tanner, 2002, p. 128). This made 
experimental research a good additional method. However, pure experimental 
research has other components, such as the need for a control group and 
randomization of samples (Tanner, 2002, p. 129). Such factors are not available 
for this thesis work; therefore a decision was made to use a semi-experimental 
research approach, rather than pure experimental research in order to generate 
data for the case study.  

The data that the author wanted to collect through the semi-experimental phases 
was mainly data that could determine the efficiency of the specific testing 
procedures. The data was to be collected by analyzing each experimental 
procedure on behalf of defect detection, repeatability, and time spent with human 
interaction. The data collected from each separate experimental procedure would 
then be compared against each other. The analysis of comparing the findings from 
one experimental procedure against another, would then give a hint on which 
procedure was more efficient on which measurements, and which procedure was 
more efficient than the other on all measurements combined. 

This master thesis was determined to be formed as a single case study with a semi-
experimental research approach to generate data. The data would then be used to 
test the concept of how efficiency could be measured, and the theory that an 
automated approach is more efficient than a traditional manual approach towards 
GUI testing. 

For the first research question, this research approach would either prove or 
disprove the practical implementation of the collected efficiency measurements 
derived from the theoretical background. For the second research question, this 
approach would prove which testing approach was more efficient. Thus either 
prove or disprove the hypothesis that automated GUI testing is more efficient 
than manual GUI testing. For the third research question, this research approach 
would give some practical aspects to the benefits and drawbacks of adopting an 
automated approach towards GUI testing.
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4 Implementation 

This section will present in detail, how the author implemented the research 
method that was chosen, and how the experimental phase was performed from 
planning to end of performance. 

4.1 Outline of implementation 

The practical part of this master thesis was performed in the form of one single 
case study with three experimental procedures. The motivation for a single case 
study is that only one technique towards automated GUI testing was compared 
against the more traditional manual approach towards GUI testing. Had there 
been several automated testing techniques to be included, and then each testing 
technique would have needed a separate case study. 

Each procedure included testing of three different versions of the application 
under test. In order to determine the efficiency for a technique and not a specific 
tool, other than one manual procedure, the choice was made to perform two 
separate experimental procedures using two different tools, that both utilize the 
same technique. With the result from these separate procedures, the expected 
result was that both tools would gain similar results, but if the results had varied 
by a difference that would be considered a large difference in the result analysis, 
then the result would have been inconclusive. 

4.1.1 Application under test 

The application under test was a software product developed by a consultancy 
company called Combitech, located in Jönköping, Sweden, on behalf of one of 
their customers. The application is a sauna control application, with capability to 
control temperature, humidity and schedule specific profiles for specific dates and 
times. 

In order to limit the test effort and amount of test cases, the choice was made to 
only test the visual presentation of actual and desired temperature and humidity, 
as well as the control interface to increase or decrease the desired temperature and 
humidity. These specific interfaces are shown in Figure 2. 
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Figure 2. Screenshots of the application under test. 

 

Figure 2 represents the sections application under test to be tested. The left 
section shows the display of actual and desired temperature and humidity. The 
middle section shows the navigation menu, this is displayed whenever a user clicks 
in a random position GUI. The right section shows the interface where the user 
can change the desired temperature and humidity. Here, the navigational menu is 
always visible. The application has the capability to show temperature in both 
Celsius and Fahrenheit, both of these states were tested. 

The scheduling functionality as well as its corresponding GUI was not included in 
the experimental phase. The settings functionality of the application was also 
excluded from experimental phase. 

For the experimental procedures, the application under test existed in three 
different versions: 

1. Version 1, the application as it was at the moment, considered perfect and 
finished for all intended purposes. 

2. Version 2, a defective version. Here, the developers took version 1 and 
introduce defect, both new defect, and defect that they have encountered 
before and now reintroduced. The defects introduced to this version was 
not known to the tester but would be revealed after the tester has 
completed the work. The defects are described in detail in Table 4. 

3. Version 3, a structurally changed version. Here the developers off the 
application took version 2 and changed some visual objects of the GUI. 
The changes consisted of what was considered a normal minor GUI 
change, movement of objects by 3 pixels. 
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Defect Defect description Affected GUI 
section 

D1 Button for increasing desired temperature does 
not fade when maximum desired temperature 

reached.  
Problem both in Celsius and Fahrenheit. 

Control 
interface 

D2 Sometimes when a desired temperature value 
contains a 5 or a 6, that character is switched to 

the other one. This results in desired temperature 
values that are not presented. 

Problem only exist in Fahrenheit.  

Control 
interface  

& 

 Overview 

D3 Graphic circle representation of temperature is 
not represented coherently to the actual 

temperature value. This problem results in 
incorrect graphic representation of temperature. 
Defect only occurs in some situations, unknown 

which.  
Difficult to reproduce.  

Problem only exist in Fahrenheit. 

Overview 

Table 4. Defects introduced to version 2 of the application under test. 

 

The defects represented in Table 4 were the introduced defects to version 2 & 3 
of the application under test. Defects D2 & D3 were real defects that the 
development team had resolved previously, and for this project, now 
reintroduced. 

Defect D1 was considered a classic simple defect that could easily have been 
missed by the developers to implement in the first place, this defect had not 
occurred in this development project specifically. 

Defect D2 was a defect found relatively quickly by the development team. Since it 
was an interesting behaviour to this defect, it was decided to be used now as well. 

Defect D3 was a defect that had gone unnoticed a long time before since it only 
occurs in very specific scenarios. The development team thought it would be 
interesting reintroduce D3 specifically to investigate if the testing tools were going 
to be able to notice it.   
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4.2 Case study format 

In order to gain some data to be used in the case study, an experimental phase was 
performed. This experimental phase contained three different experimental 
procedures, with each procedure performed on three versions of the application 
under test. 

The goal of this case study and the experimental phase was to gain data that would 
be used to answer the research questions.  

For the first research question, the aim was to gain data that either proved or 
disproved the accuracy of the measurements derived from the theoretical 
background. Those measurements being defect detection, repeatability of test 
cases, and time spent with human interaction.  

For the second research question, the aim was to gain data that either proved or 
disproved the hypothesis of automated GUI testing being more efficient than 
manual GUI testing.  

For the third research question, the aim was to gain some practical aspects on 
benefits and drawbacks of adopting an automated approach for GUI testing.  

4.2.1 Experimental phase 

The experimental phase was structured so three different experimental procedures 
were to be performed 

Experimental procedure 1 

The first experimental procedure was performed as a meticulous version of the 
more traditional, manual approach towards GUI testing. The test cases were 
available to the tester before the testing procedures began, and the tester was to 
follow map (Figure 4), detailing in which order the test cases should be 
performed. 

Experimental procedures 2 & 3 

The second and the third experimental procedures were similar to each other. 
Both were be performed using the Capture & Replay technique but with different 
tools. The technique Capture & Replay was chosen as the main testing technique 
since it has become more widely spread in the industry than MBT. Also, there 
were no updated models available that could have been used for a MBT approach. 

The structure of these experimental procedures will look the same. All test cases 
were recorded on version 1 of the application under test, and all test cases were 
executed on version 1, 2, and 3 without any changes to the test cases.  
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4.2.2 Choice of tools 

In order to test an automated GUI testing technique the choice was made to select 
two tools that utilized the same technique. By doing so, a coherent statement 
could be taken at the end of the study if the tools had relatively similar results. If 
the results varied a great deal in comparison to each other, then a statement for 
the efficiency of the technique would become that the case studies had not given 
sufficient basis for a statement. 

Before the choice of tools was performed, one technique to follow had to be 
decided. The choice fell to Capture & Replay. The alternative available was MBT. 
MBT was believed to have greater potential to become 100% automated. 
However, the application under test did not have sufficient models from the 
beginning, and creating models after development of the application has been 
performed, just to test would have been an inefficient approach towards testing. 
Another reason why MBT was discarded is that the commercially available tools 
that utilizes this technique is not yet so wide spread that the industry have opened 
its eyes for it yet.  

The Capture & Replay tools selected for the experimental phase were Squish by 
Froglogic, and TestComplete by SmartBear Software. These tools work in a 
similar manner, and have the same potential to change test scripts after the test 
cases have been recorded. The tools were thus deemed able to utilize the Capture 
& Replay technique in a similar manner.  

Squish and TestComplete were both chosen as the main tools for their 
compatibility with Qt applications. Also, both tools have become leaders in the 
field, thus also making them more interesting for the company. 
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4.2.3 Order to be performed 

Since the application under test and its different version was to be used 
throughout all three experimental procedures, and because of the fact that a single 
tester were to perform all of these, a decision was made in order to keep the 
integrity of the defect introduced and the discovery of these. The different 
experimental procedures are performed in sequential order so no discovery in any 
approach could alter the result of the other approaches. 

As seen in Figure 3, the test cases for all experimental procedures were created 
prior to any execution of test cases on any versions of the application under test, 
which contain any defects or structural changes.  

The different approaches were performed in parallel. By performing all 
approaches on version 1 of the AUT first, the tester was oblivious to the defects 
existing in the AUT version 2 & 3. The two automated approaches then had 
recorded test cases that later on could be executed on version 2 and 3.  

At the point in time when stage 1-3 had been performed, the tester performed 
stage 4, the manual testing procedure on the defected version. Then stage 5 and 6 
was the automated testing procedure on the same version. After the stages 4-6, the 
tester had got some results indicating defects. However, the tester did not know 
what defects found were real or false. The tester then performed stage 7, the 
manual testing procedure on the defected and modified version, and at last stage 8 
and 9, the automated testing procedure on the same version.  

When all stages 1-9 had been performed, the tester was informed of the defects 
that had been introduced and could thus draw the conclusions on which defects 
were real and which were false. 

 

 

Figure 3. Order of performing experimental test procedures 
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4.3 Test Suite 

All test cases in the test suite were based on the specified functional requirements 
for the application under test. The functional requirements are described in detail 
in Appendix 1. All formulated test cases are described in Appendix 2. 

4.3.1 Generation of test suite 

The test cases were written with the functional requirements described in 
Appendix 1 as basis. All test cases contained a detailed description on how they 
should be performed, what be the expected result was, and what is needed to be 
done prior to execution of the test case. 

All test cases had an ID attached to them, so when a defect was detected, the 
tester could refer back to with test case generated the defect. By doing so, the 
tester or the developer of the application under test could more easily recreate the 
situation when trying to figure out what caused the defect. 

The chosen format used to structure and formulate the test cases was not based 
on any previous research or specific methodology, the reason for this decision was 
that it only was the one tester who would perform all three experimental 
procedures was the same individual is also tasked with formulating the test cases. 
The tester (the author) chose a format that was, in his opinion, clear and easy to 
understand. 

4.3.2 Recording of the test suite 

The tester was instructed to follow the map described in Figure 4 when the test 
suits were recorded for each of the automated experimental procedures, and when 
the manual procedure was performed. The tester was also instructed to follow the 
written instructions for each test case presented in Appendix 2. 

The map in Figure 4 was considered a necessary map to follow. If it had only been 
a flowchart stating the most basic concept, then it would have been hard to keep 
consistency in the three different procedures throughout the experimental phase. 
If the tester followed the map to the point, and did not diverge, or change the 
order of test case sequence in any way, then the result would become more 
reliable. 
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Figure 4. Guiding map for recording and performing the test suite 
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4.4 Performing experimental procedures 

This section presents how the different experimental procedures were performed. 

4.4.1 Manual procedure 

For the manual experimental procedure, the tester performed each test case within 
the test suite in the precise order described in Figure 4. If the tester had a 
suspicion that a defect had been identified, then the tester noted the particular test 
case, and the section of the test case where the suspected defect occurred.  

After the whole test suite had been performed, the tester went back and recreated 
the situation for all suspected defects, one by one, and analysed if there actually 
was a defect found or if it was another reason, such as human or external factors 
that disturbed the testing process. 

The tester timed every test case separately, using a stopwatch. The sum of all the 
separate times concludes into the execution time that is later presented as part of 
the result (section 5.2.1). 

4.4.2 Squish 

The tester recorded all test cases separately and in order accordingly to Figure 4. 
Squish was fully compatible with the languages used in the development of the 
application under test. This opened the opportunity for the tester to use object 
properties and retrieve text values. When creating specific test cases the tester was 
able to utilize these object properties of the application under test and, because of 
that could create test cases that are not so dependent on the design of the GUI. 

Squish generated test scripts in the scripting language JavaScript. The script was 
automatically generated based on the events captured. Based on these generated 
scripts, the tester was able to reconfigure the scripts into a formal form more 
understandable to the tester. This also opened up the possibility of reuse of 
sections of JavaScript, such as setting the initial mode of the application under 
test. 

The recording of each test case was timed using a stopwatch. Each separate time 
for recording was noted, and the sum of these separate recording times is 
presented as part of the result (section 5.2.1). 

After the complete test suite was finalized, the tester ran the whole suite in one 
take on version 1 of the application under test. The time of the complete run is 
presented as part of the result (section 5.2.1). 

On version 2 & 3 of the application under test, Squish only required to be started 
and the tester initialized a full test suite run. When the whole test suite had been 
performed, Squish highlighted errors in verification points, and provided 
screenshots of the application so the tester could review the situation. 
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4.4.3 TestComplete 

The tester recorded the test suite by recording every test case separately and in 
order according to Figure 4. TestComplete had the compatibility to recognize 
objects and their parameters in applications developed in Qt which had been used 
for the application under test. However, TestComplete was not compatible with 
the specific GUI design language QML, which the application’s interface was 
developed in. Because of that, the tester had to use other types of verification 
points.  

Instead of text or property values which would have been the main approach, the 
tester used the TestCompletes image-based verification points. The image-based 
approach did come with some potential drawbacks, the largest being that the test 
suite was more vulnerable towards design or structural changes in the GUI. 

TestComplete worked similar to Squish when recording test cases. It recorded the 
testers every movement and interaction and then converted these into a script like 
format. This script was more graphical presentation than JavaScript, and the tester 
could more easily view the interactions that had been performed at each stage. 

The recording process was timed using a stopwatch, each separate time was noted. 
The sum for building the whole test suite is presented as part of the result (section 
5.2.1). 

The test suite was executed on version 1 of the application under test to give a 
baseline for optimal performance time in the testing environment. The time of 
that run is presented as part of the result (section 5.2.1). 

When the tester used TestComplete on version 2 and 3 of the application under 
test, the tester only had to start TestComplete, open the project and initiate a 
whole test suite run. After the whole test suite had been performed, TestComplete 
summarized how many test cases had passed, and how many had failed. The tester 
could then for every verification point review what result was expected and what 
result actually occurred. 
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5 Findings and analysis 

This chapter consist of the findings throughout the thesis work, as well as an 
analysis of these findings in order to answer the stated research questions. 

5.1 Measuring efficiency of software testing 

The findings here mostly relate to previous research and other theoretical results 
found throughout the theoretical background. 

5.1.1 What efficiency measures are there? 

The efficiency measurements found in the theoretical study, in section 2.6.4, were 
the following: 

 Defect detection. 

 Repeatability of test cases. 

 Time spent. 

Efficiency was hard to define for software testing. The previous research is limited 
and does not provide a general accepted definition on how efficiency can be 
measured, or defined at all. The term efficiency was found to be widely used in 
material provided by the companies that create and provide automated GUI 
testing tools. However, there was seldom a reason for why their tools were 
considered efficient.  

The limited availability of definitions and instructions on how to measure 
efficiency created a problem on how efficiency would be measured for this work. 
The conclusion was to take the limited definition found and measure Defect 
detection, Repeatability, and Time.  

5.1.2 How was the measurement used? 

Here, the efficiency measurements found in the theoretical background are 
presented again. Also, here, the measurements are described on how they were 
actually used in practice and what the author wanted to, and got, out of using the 
measurements.  
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Defect detection 

When measuring efficiency in defect detection the obvious choice was to count 
how many defects were found. However, the found the defects were not always 
guaranteed to be correct defects. Invalid defects found, generates additional work 
for the tester, work that could be spent on more testing instead of analysis.  

Missed defects would also contribute to additional work, not only for the tester 
but the developers as well. Missed defects could remain dormant and may not 
cause any harm to other parts of the system under development. However, missed 
defects could also generate a lot more problems for the developers. Missed defects 
were therefore considered a good aspect to measure. 

Repeatability 

A test suite created at the beginning of a project will almost never go unchanged 
until the end of the project, but what happen when a test case is no longer 
working? If test cases break after a very minor change in the application, and 
require substantial work to be refactored to work again as they should, then the 
testing process would not have been efficient. Repeatability of test cases was 
found to be a valuable efficiency measurement. 

Time 

The consequences of test cases breaking, and test cases not able to find defects 
during the testing process, eventually add more time to the testing process. In the 
industry, time is money, and time spent by employees on work not directly related 
to their appointed task is not efficient work. Depending on the environment that 
the testing is performed in, different aspects may be accounted for in this time 
efficiency measurement. If the tester can continue to work on other tasks parallel 
to a machine performing testing, then the machine time does not necessarily need 
to be accounted. However, time spent with required human interaction is always 
necessary to measure. 

5.1.3 When are these measurements appropriate to perform? 

The above mentioned measurements would be most appropriate to use when 
evaluating a testing tool or a testing process before applying it in a real 
development life cycle. 

Also it is hard to look back at a project and measure these in after hand, thus it 
have to be detailed planed on how it should be performed. 

Furthermore, some of these measurements need a controlled environment where 
all defects are already known, or where a change in the system under development 
is intentionally performed just to test the testing process. 

Given these reasons, and in order to use these measurements of efficiency 
accurately in software testing, all included parties in involved have to be on the 
same side, knowing that the time and work required is a necessary part of the 
evaluation.  
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5.2 Efficiency of automated versus manual GUI testing 

The case study with its experimental procedures, as described in chapter 4, 
generated data on efficiency measurements for software testing. The data collected 
throughout implementation will be used here to answer the second research 
question “Is an automated approach more efficient than a manual approach to 
GUI testing?” 

5.2.1 Data from experimental procedures 

The following tables (Table 5, Table 6, and Table 7), present the data collected 
related to efficiency measurements in software testing. The times presented in 
parentheses in these tables are clocked times without human interaction. 

Table 5 contains the results from the three different experimental procedures on 
version 1 of the software under test (stable version). The results here have been 
slightly adjusted to account for a hardware error, a defective mouse, which was 
corrected after the first manual procedure. The four invalid defects found in the 
manual procedure occurred because said hardware error. The mouse was later on 
replaced in order to eliminate that hardware error from the upcoming 
experimental procedures. The analytical time for the manual procedure was 
thereby not accounted for in the overall time in order to have comparable results 
throughout the rest of the experimental procedures. 

Table 6 contains the results from the experimental procedures on version 2 of the 
software under test (defected version). The invalid defects noted found here 
where discarded as defects by the tester after an analysis of the test results. The 
false indication of defects depended on that the application under test did not 
have the same initial state when these testing procedures were performed, as the 
state were when the test cases were recorded. 

Table 7 contains the results from the experimental procedures on version 3 of the 
application under test (defected and visually altered version). Here the different 
tools found different amounts of defects. After analysis by the tester, who could 
determine that the one invalid defect found by Squish, in fact, was the same 
invalid defect that had also was found in version 2 of the application under test. 
This invalid defect was an incorrect initial state of the application under test. 
TestComplete however had six test cases that had broken down after the visual 
altering of the GUI. These six test cases thereby generated invalid defects on all 
their verification points.  
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Efficiency measurement Manual 
Procedure 

Automated 
procedure 1 

using Squish 

Automated 
procedure 2 

using 
TestComplete 

Defects    

Valid defects found 0 0 0 

Invalid defects found 4 
(Malfunctioning 

mouse) 

0 0 

Missed defects 0 0 0 

    

Repeatability    

Repeatable test cases - - - 

Non-repeatable test cases - - - 

Number of test cases 26 26 26 

    

Time    

Preparation time 00:00:00 04:21:45 04:56:25 

Execution time 01:16:20 00:00:12  
(01:41:22) 

00:00:10 
(01:52:17) 

Analytic time 00:19:29 00:01:32 00:00:25 

Overall time 01:16:20 04:23:29 
(06:04:51) 

04:57:00 
(06:49:17) 

Table 5. Data retrieved from experimental procedures on AUT v1 
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Efficiency measurement Manual 
Procedure 

Automated 
procedure 1 

using Squish 

Automated 
procedure 2 

using 
TestComplete 

Defects    

Valid defects found 2(D1, D2) 2(D1, D2) 2(D1, D2) 

Invalid defects found 0 1 1 

Missed defects 1(D3) 1(D3) 1(D3) 

    

Repeatability    

Repeatable test cases 26 26 26 

Non-repeatable test cases 0 0 0 

Number of test cases 26 26 26 

    

Time    

Preparation time 00:00:00 00:00:00 00:00:00 

Execution time 01:13:23 00:00:16 
(01:42:33) 

00:00:35 
(02:39:52) 

Analytic time 00:02:16 00:04:34 00:03:35 

Overall time 01:15:39 00:04:50 
(01:47:07) 

00:04:10 
(02:43:27) 

Table 6. Data retrieved from experimental procedures on AUT v2 
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Efficiency measurement Manual 
Procedure 

Automated 
procedure 1 

using Squish 

Automated 
procedure 2 

using 
TestComplete 

Defects    

Valid defects found 2(D1, D2) 2(D1, D2) 2(D1, D2) 

Invalid defects found 0 1 6 

Missed defects 1(D3) 1(D3) 1(D3) 

    

Repeatability    

Repeatable test cases 26 26 20 

Non-repeatable test cases 0 0 6 

Number of test cases 26 26 26 

    

Time    

Preparation time 00:00:00 00:00:00 00:00:00 

Execution time 01:11:54 00:00:15 
(01:42:55) 

00:00:31 
(02:49:13) 

Analytic time 00:02:21 00:03:25 00:12:48 

Overall time 01:14:15 00:03:40 
(01:46:20) 

00:13:19 
(03:02:01) 

Table 7. Data retrieved from experimental procedures on AUT v3 
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5.2.2 Analysis of data retained by experimental procedures 

Defect finding 

The result could not determine by a great difference if one approach towards GUI 
testing, meaning manual versus automated, were more efficient than the other. All 
three procedures found the same valid defects (D1 and D2). These defects were 
relatively easy to find, and was expected to be found by the development team 
who introduced them for this work.  

However, none of the experimental procedures found the third defect (D3). The 
specific reason for this was unknown. However, one reason could be that a 
functional requirement, specifying that the circle representing actual temperature 
should be filled to equal amount of the temperature, was not included in the 
functional requirements. The tester did thus not look for that specific parameter. 
Another reason could be that this defect only occurred in some specific settings, 
and thereby may not have happen every testing procedure. 

What can be stated is that the manual procedure was not as prone towards 
registration of invalid defects. The human mind is more flexible to interpretation 
than a machine is, and can thereby determine if a value provided is correct even if 
the situation does not look the same as previous runs. 

Repeatability 

Version 3 of the application under test (defected and visually altered version) was 
the main version to test repeatability of test cases.  

Here the two different tools did not behave correspondingly to the change in the 
GUI. Squish was not affected by the change since it did not rely on visual 
parameters in specific areas instead it relied on object parameters. Squish was 
thereby still able perform the whole test suite since it was still able to locate the 
objects in question that was affected by the structural change in the GUI.  

TestComplete was affected by the change in the GUI, and the effect of this was 
that six out of 26 test cases in the test suite was no longer usable in the state as 
they were. The structural change in the GUI was a minor one, but since 
TestComplete had picture verification points at specific pixels in the application, 
the change made the verification points unusable, and thereby the test cases were 
unusable in the current state.  
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Figure 5 shows the slight difference that was required to break the test cases in 
TestComplete. To the left there is expected result of the verification point, and the 
right the actual result. The change is barely visible; it is the 3 pixel difference, i.e. 
the alteration made to the GUI. 

 

 

Figure 5. Difference in picture recognition for TestComplete 

 

Time 

The results accounting for time could be viewed in two ways, the first being that 
time only including human interaction, and the other being time including 
machine only time. Machine time would be hard to account for in a general 
perspective since it varies from environment and situation, for instance a more 
powerful computer may perform the testing faster than a less powerful computer. 
Because of that, machine time is not included in this measurement, the data 
representing these recorded times are however presented if it would be of interest 
to anyone. 

The different experimental procedures had some large differences in the time 
perspective. Recording the test suits for the two automated procedures took a 
considerable amount of time in comparison to the manual procedure on the same 
version of the application under test (version 1, stable version).  

On the other two versions (version 2 and 3) the time difference shifted and the 
automated procedures required a lot less time than the manual procedure. As seen 
in Figure 6, the manual procedures for the different versions of the application 
under test did not vary a lot; neither does the execution time for the automated 
procedures.  

The weight of the automated procedures was that the test suits have to be built 
manually at some point in time. The test suite also has to be maintained after test 
cases breaks, this has not been accounted for in this work. 
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Figure 6. Summary of time differences for experimental procedures 
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5.3 Adopting automated GUI testing 

The findings here relate to the experimental phase of this thesis work as well as 
some of the findings from the theoretical background. All findings from the 
experimental procedures only relate to the capture and replay technique for GUI 
testing. The following benefits and drawbacks of automated GUI testing all are in 
comparison to the more traditional manual testing process towards GUI testing. 

5.3.1 Benefits of automated GUI testing 

The first benefit found when performing automated GUI testing using the capture 
and replay technique, was that it required substantially less time of human 
interaction when executing the test suite.  

The automated testing tools present all suspected defects, and provided a 
thorough explanation on all suspected defects found, making it easy for the tester 
to determine if there was an existing defect or not.  

The time released from the responsible tester when the automated tests executed 
could be spent on parallel tasks such as testing of other applications, or general 
documentation. 

5.3.2 Drawbacks of automated GUI testing 

The time required to record and secure a working first version of the test suite 
required a lot of work. In this work it consisted of 26 relatively simple test cases 
and took between four to five hours of non-disturbed continuous work. 

After a very minor change in the GUI, around 600 image-based verification points 
for the tool TestComplete, was deemed broken, they all indicated invalid defects 
and thereby generated more analytical work.  

The time to re-record the broken verification points was estimated to be more 
than a whole manual run of the test suite. Since a GUI tends to change a lot until 
the application is deemed stable and complete, this is a large drawback. However, 
this was only occurred for TestComplete which was not 100% compatible with 
the application under test and its GUI design language.   
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6 Discussion and conclusion 

In this chapter I, as the author will discuss and draw conclusions on the work in 
general, the findings from the theoretical background, and experimental phase. 
The chapter will end with final conclusions and suggestion for further research. 

6.1 Method discussion 

The research methods that formed this master thesis project, were chosen to aim 
the focus onto gaining knowledge on the concept of efficiency in software testing, 
and how it could be determined on specifically for automated software testing.  

Understanding was the key word in my mind when a research method had to be 
chosen for the project. Case study research fit those criteria perfectly, thus making 
it the perfect research method for the intending purpose.  

In combination with an experimental like approach to simulate data used for the 
case study, it became a research approach that worked well. There was however 
some parts lacking that would have made this work more reliable. I initially kept 
the practical work performed to myself, missing out on the findings that I could 
have gained by analysing how other would have performed on the same testing 
tasks. Also, if I had collected some thoughts from experts on my theoretical and 
practical approach, then the work I performed myself would have had the 
potential to become more efficient and effective. 

Even though it is easy to look back at the road you chose for yourself and it 
wished you had taken some different decisions, I still feel that this combination of 
case study research with a semi-experimental part was a good choice.  
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6.1.1 Case study research 

Case study research felt like a good choice for the main research method. I wanted 
to gain an understanding on the topic of automated testing and see if it was really 
was more efficient than a traditional manual testing approach.  

As the first step of the case study, I needed to get a deeper understanding on the 
field in question, as well as an understanding of what research had already been 
performed. In order to do so, I started with a literature study. This literature study 
gave me the opportunity to collect and combine the previously performed 
research work by other researchers interested in the field, as well as authors who 
have written books on the topic. The struggle in this part of the project was to 
determine what literature was relevant, and more important, reliable and valid. I 
chose mainly focus on research articles and papers that was either peer reviewed 
or, written by authors I already had deemed reliable. However, for some topics 
where I could not find such sources I had to use material from other sources, but 
reviewed it from a more critical perspective. 

As the theoretical study started to become more and more stable, covering what 
was needed for the case study to continue, I could start working on the more 
practical part of the work, and thus starting on the work of testing my theory; that 
automated testing becomes more efficient than manual in the long run. 

I started planning how the semi-experimental phase (discussed in 6.1.2) could be 
structured, more specifically, how it needed to be structured so I could determine 
the findings there reliable and valid.  

This thesis work was performed at a company within the software development 
industry, but this work in itself was not necessarily to bring about change. The 
company’s interest was view the applicability of automated testing, which was also 
my interest. If a change in work procedure had been the goal, then for instance 
Action research would have been a more suitable research method to follow, and I 
still feel that that could be an interesting work to be performed, thus viewing the 
practical implications of introducing an automated GUI testing approach to a real 
software development life-cycle. 

The outline of the case study was not in its own as the well-known traditional 
social study form of case studies. It was an altered version intended for software 
development, where I tried to gain a deeper understanding by simulating situations 
that could occur in a software development project, rather than actually viewing a 
real software development project from a third-person perspective.  

All in all, I am pleased with the work structure that became of this case study 
formed for software development. I gained a deeper understanding of the field, 
and had the opportunity to control some of the factors forming the research 
approach as well. 
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6.1.2 Experimental phase 

Case study research most often consists of inspecting a real-life phenomenon 
from an outside perspective without interaction. This was unfortunately not an 
option for me, so in order to gain some data to analyse for the case study; I 
needed an additional research method. For this I chose a semi-version of 
experimental research. This semi-experiment research approach focused on 
keeping the same environment and mind-set for all experimental procedures to 
keep internal validity. However, the situation did not allow for external control 
groups to perform the same experimental procedures and can thus not guarantee 
external validity. Another aspect that was not included in this semi-experimental 
research was randomization. Since there were no control groups, randomization 
was not possible.  

By ensuring that I tested a GUI testing technique and not just a tool, I chose to 
use to tools that had the potential to utilize the Capture & Replay technique in a 
similar manor. In my mind this would not only show the efficiency of the testing 
technique, but also generate more reliable findings. 

The tester who throughout the procedures was myself, so there could be some 
threats to validity by questioning if I was biased or not. In order to minimize these 
threats, I made sure to create a structured guide before any testing began, and 
followed the guide to the point. Another aspect that minimized these threats was 
that I had no knowledge of the application under test, either of how it worked 
other than the functional requirements specified in appendix 1, or the defects 
introduced to the application under test. I had no idea on which defects actually 
had been introduced until the complete experimental work had been performed. 

One of the tools used (TestComplete) for one of the experimental procedures was 
not usable to its full potential for this specific application under test. If could have 
turned back at that point in time and chosen a different tool more compatible 
with the specific design language, the I would have done so. However, even if this 
was one weakness for the experimental phase, it still showed one important factor 
to consider when choosing a tool for a software development project, as well as 
the consequences that can occur if it is not done correctly. 

In my mind, the findings from this experimental work are as valid as they could be 
for one single researcher performing everything alone, without a control group. I 
also believe that this was the most appropriate way to generate valid data through 
a simulation in this situation. 

If there had been test subjects available that could have acted as a control group, 
then the findings could have been more accurate by providing several scopes to 
analyse. It would have been interesting to view if the findings would differ, and if 
so, in what direction.  
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6.2 Findings discussion 

Here, the thoughts and conclusions that the author has about the findings, as well 
as how well the findings answer the research questions are presented. 

6.2.1 Research question 1 

Research question: “How could efficiency for a GUI testing technique be 
measured?” 

Efficiency in terms of software development feels like it has become a sales-pitch 
without meaning. It is a very abstract word but it is possible to define. The 
findings described in section 5.1 are all some aspects of measuring efficiency. 
There are probably several more depending on what a researcher is looking at for 
the moment. However, I feel that the measurement of Defect detection, Repeatability, 
and Time is three very reliable measurements of efficiency in software testing. 

Each of those measurements needs measurement points, and here lies the 
possibility to modify for every specific situation. For instance, I chose not to 
include time to refactor test cases as a measurement point. That point is probably 
one necessary point to look at. However, that is hard to measure since then the 
experience of the tester plays a much larger role.  

Defect detection is in my opinion one of the most crucial parts of testing. This 
makes it a good efficiency measurement. If the testing technique under 
investigation is not at least as good as the technique used in the current situation 
on terms of defect detection, then the technique under investigation may flunk out 
at that point. 

The result on repeatability will, from my perspective, show how sustainable the 
testing technique will be in the future. It will also give a hint on how much time 
will be required for maintenance on the test suite, which is a valuable estimation to 
have when planning future projects. 

Measuring time as a mean for determining efficiency requires some restrictions, 
decisions on what is important for the specific situation, and also consistency. If 
this measurement is to be accurate, rules have to be set so no one cut corners on 
the time, and the time has to be represented correctly without judgement. I also 
think that for this specific situation with investigating automated GUI testing 
techniques, the right way to go is to focus on time past, with human interaction 
we get a better picture on time that now will be available, thus time freed from the 
testers. 

These three efficiency measurements put together provide, in my mind, an 
accurate picture of the overall efficiency of a software testing technique. The 
person utilizing the measurements is given an overall efficiency, and has the 
opportunity to weigh a specific measurement that is more important for their 
situation, thus making it easier to decide which path to follow. 
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6.2.2 Research question 2 

Research question: “Is an automated approach more efficient than a manual 
approach to GUI testing?” 

The findings from the experimental phase are, in my mind, valid. I have kept an 
unbiased mind-set and followed the pre-designed guide to the point.  

In order to answer this research question we have to look at all efficiency 
measurements.  

Defect detection 

In terms of defect detection, all experimental procedures performed equally, 
thereby I cannot state that an automated approach is more efficient. I can 
however state that it was at least not less efficient. 

Repeatability 

In terms of repeatability, one of the automated tools (TestComplete) showed that 
it was not as reliable as the other one (Squish). TestComplete had six broken test 
cases after a very minor and probably common change in the GUI.  

The reason that Squish did not get any broken test cases was because of the 
compatibility to the languages used to develop the application under test. 
TestComplete was not fully compatible with the application under test and in a 
situation where a company would choose a language that fits a testing tool or the 
other way around, they would probably be more thorough in their choice than I 
was.  

Image-based verification is not a good choice if you want to create a repeatable 
low-maintenance test suit. In my mind this is not a flaw of the technique Capture 
& Replay, it is a flaw with the tool support or image-bases verification-point type. 

Time 

The time aspect of efficiency is what differs a lot between manual and automated 
approaches towards software testing. As shown in the result in section 5.2, the 
time the manual procedure and the automated procedures are completely 
different.  

What is noted of the manual procedure is that in general it is the same time 
required every time, it varies by a few minutes but that can be concluded to be 
that the tester is getting more familiar with the test suite.  

The automated procedures stand out with a much larger time spent on creating 
the test cases. It is a time consuming process, but if done right, and with regular 
maintenance to the test suite, it will not occur such a spike in time again. The time 
of human interaction required for executing and analysing is substantially lower 
than the manual procedure. In my opinion, here is where the great efficiency gain 
lies in automated GUI testing, which was expected. 
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Comparison 

The comparison of manual versus automated GUI testing techniques has to be 
done on the specific parameters that are important for the person evaluation the 
situation. For me, defect detection was just a simple comparison between what 
technique found most; in this case it was no difference.  

On repeatability I looked for sustainability. Small changes in the GUI occur 
frequently in development projects. The comparison between manual and 
automated here was to ensure that the automated technique did not diverge to 
long from the manual approach. In my mind the automated technique Capture & 
Replay was almost as efficient as the manual approach. Using Squish, I was able to 
create a test suite that was not affected by the GUI change, in other words a 
correct implementation of the technique and tool. TestComplete however had 
some test cases that broke. However, the broken test cases in the TestComplete 
test suit is in my mind not a sign of a failure in the testing technique, it is more of 
a tool to development language compatibility issue. 

Time was the hardest comparison. It may have seemed trivial to just compare 
times, but what times should be included in the comparison? Preparation? 
Execution? With or without human interaction? Those were the questions I had in 
my mind. The end comparison was to include preparation, execution, and analysis 
were only time used with human interaction was used. From the preparation 
perspective, the automated technique was not as efficient as the manual approach. 
However, on execution, the automated technique showed its strength, and it is my 
belief that in the long run, automated GUI testing using the Capture & Replay 
technique is at least, if not more efficient than manual GUI testing when focusing 
on time. 

General 

These findings only speak for the technique Capture & Replay, which is one way 
of performing automated GUI testing. However, previously performed research 
on the subject, suggest that MBT is more efficient than Capture & Replay. I derby 
draw the conclusion, that if Capture & Replay can be more efficient than a manual 
approach towards GUI testing, then MBT is so as well. MBT do however have 
the requirement of accurate models to be so. 
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6.2.3 Research question 3 

Research question: “What are the benefits and drawbacks of adopting an 
automated approach to GUI testing? 

Automated GUI testing shows the possibility to be more efficient than manual 
GUI testing; it is more of a question of situation when it would be more 
appropriate to use an automated approach. In my mind, if there is a need for 
tester to test several applications often, as for instance in test driven development, 
every day. Then there an automated approach could very well serve as a 
replacement for a manual approach. 

One finding that have not been mentioned before, on behalf of it being more of 
an abstract finding, is the relief on the tester. At the third run on the manual 
procedure, I found myself in a state where I thought of this as a very tedious and 
repetitive task, making it difficult to keep focus. The usage of the automated tools 
gave the opportunity for me to focus on other parts of the work, or perform test 
runs during the night. 

Some changes in the work structure are almost necessary for a successful adoption 
of an automated approach. More time and manpower need to be allocated for 
creation and maintenance of the test suite.  

Even though automated GUI testing have the possibility to replace manual GUI 
testing, it is still required to perform some manual testing. In my mind, automated 
GUI testing should not replace the whole testing strategy, but be used as part of it. 
These automated techniques are in my mind best utilized when the development 
life cycle moves towards fewer changes in the GUI, and more changes in the so 
called business layer. Before that point, there are too many changes, both minor 
and large, in the GUI structure to be able to ensure a continuously working test 
suite. When that point in the development life cycle is reached, the larger GUI 
changes tends to disappear, and the changes that are to be done are either minor, 
meaning that test cases still would work, or adds whole new sections to the 
application, which in itself creates the need for expanding the test suite, and not 
refactoring it. 

In short, for an adoption of an automated testing technique to become successful, 
all personnel involved have to be ready for a structural change where time is 
relocated from execution of test cases to preparation and maintenance of test 
cases. 
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6.3 Conclusion 

Using automated GUI testing techniques, such as Capture & Replay, can be a 
more efficient approach rather than a traditional manual approach towards GUI 
testing. That is, if it is implemented correctly, meaning implementing appropriate 
tool, using the appropriate technique, at the right time in the development life-
cycle. 

If a proper investigation is held, on what technique and tool is most appropriate 
for the application to be developed, and accounting for resources available. Then 
an investigation based on the efficiency measurements Defect detection, Repeatability, 
and Time, can give a hint on what aspects an adoption of an automated GUI 
testing technique can become more efficient. 

In order to keep an investigation accurate, the investigator need to be unbiased 
when it comes to preferences on tools and techniques investigated. Also, the 
findings of detected defects, repeatability, and time, must not be judged or altered 
to make the current situation to look better than it actually is. The investigation is 
held for a reason, and an altered result will make the adoption harder. 

In order to successfully adopt an automated approach, I believe that all involved 
parties, from developers to management, need to understand that the testing 
process will be structurally changed. More time need to be allocated to preparation 
and maintenance of test cases. This time will in turned be relieved from the 
execution phase. The responsible party, in charge of test case management will 
need to be more thorough when formulating and creating test cases, since the 
testing tool will not have the intuition that a human have, and can use to interpret 
situations differently. 

It is my belief that the testers will be relieved by that change from manual testing, 
to a more stimulating testing approach where the focus is on creation, and 
maintenance. 
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6.4 Future work 

Future research should be performed in order to distinguish if this efficiency 
determination technique is applicable on other system environments, such as 
mobile development, web development, and embedded systems development as 
well. The same goes for other automated techniques, future research should be 
performed on other automated GUI testing techniques, as well as other 
automated testing techniques over all.  

A valuable research opportunity is to perform a likewise research project like this 
one, but focusing on MBT. In my mind, MBT have the potential to become 100% 
automated but would also require a lot more from the development team in terms 
of accurate and up-to-date models of the system. This would be interesting to 
view the results on. 

Efficiency is not the only factor that could determine if moving towards an 
automated testing technique is worth doing. Research performed on other factors, 
such as effectiveness, could bring different, but equally interesting aspects into the 
calculation. 

This thesis work has been performed outside of a real software development 
project. A complete implementation of an automated GUI testing technique, into 
a test-driven development life-cycle, with a complete efficiency investigation on 
that current environment is the closes next step to take this work further. 
Performing such implementation, would give some even more reliable results. 
Therefor this is my main suggestion for future work. 
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8 Appendices 

Appendix 1: Functional requirements of AUT. 

The specified functional requirements for the application under test, these 
requirements are only the ones that is affected in the GUI sections that will be 
testes through this thesis work. 
 

Terminology 
T(A) – Actual Temperature 
T(D) – Desired Temperature 
H(A) – Actual Humidity 
H(D) – Desired Humidity 
C – Degrees Celsius 
F – Degrees Fahrenheit 
Functional requirements 

1. When T(A) is 2 degrees(C or F) from T(D), Then T(A) visual value is 

presented as T(D). 

2. Visual T(A) may only change by maximum 1C or maximum 2F every 15 

seconds.  

3. When H(A) is less than 4% different from H(D), Then H(A) visual value is 

presented as H(D). 

4. H(A) may only change once every 30 seconds. 

5. Temperature values are stored as C*9. T(A) and T(D) is the presented C = 

C(stored)/9 or 

F = C(Stored)/5 + 32 . Decimals for either of  these calculations are 

ignored in order to only present integer values. 

6. Maximum T(D) limit can be set between 40C (104F) to 110C (230F). 

7. Minimum T(D) is fixed at 40C, 104F. 

8. H(A) and H(D) can vary only between 0-100% . 

9. When T(D) is changed, Visual T(D) value should increase/decrease 

instantly in correlation to amount of  times increase/decrease button for 

T(D) has been pressed. 

10. When H(D) is changed, Visual H(D) value should increase/decrease 

instantly in correlation to amount of  times increase/decrease button for 

H(D) has been pressed. 

11. When maximum T(D) is met, the button for increasing T(D)  becomes 

faded. 
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12. When minimum T(D) is met, the button for decreasing T(D)  becomes 

faded. 

13. When maximum H(D) is met, the button for increasing H(D)  becomes 

faded. 

14. When minimum H(D) is met, the button for decreasing H(D)  becomes 

faded. 

15. If  button for increasing or decreasing T(D) or H(D) has become faded, 

then further pressing of  that button will have no effect on the T(D) or 

H(D) value 

16. If  value of  T(D) or H(D) no longer is equal to set minimum or maximum 

value, then the corresponding increase/decrease button will appear and 

work as normal.  

17. Maximum H(D) % at a certain T(D) C should correspond to Table 1. 

18. Maximum T(D) C at a certain H(D)% should correspond to Table 2. 

19. Maximum T(D) F at a certain H(D)%should correspond to (T(D) F * 

9/5)+32 in Table 2. This should automatically work if  requirement 5 is 

implemented correctly. 
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Maximum H(D) %depending on T(D) C. Add the bold number on the Y-axis and the 
bold on the X – Axis to for the T(D) C you have, The cross section of them is maximum 
H(D)% at that (TD) C 

 0 1 2 3 4 5 6 7 8 9 

00 100 100 100 100 100 100 100 100 100 100 

10 100 100 100 100 100 100 100 100 100 100 

20 100 100 100 100 100 100 100 100 100 100 

30 100 100 100 100 100 100 100 100 100 100 

40 100 100 100 100 100 100 80 70 65 62 

50 60 58 55 52 50 48 46 44 42 40 

60 39 38 37 36 35 34 33 32 31 30 

70 29 28 27 26 25 25 24 23 22 21 

80 21 20 19 18 17 17 16 15 14 14 

90 13 13 12 11 10 10 9 8 7 7 

100 6 5 4 3 2 1 0 0 0 0 

110 0 0 0 0 0 0 0 0 0 0 

Table 1 – Maximum Humidity depending on desired temperature 
 
Maximum T(D) depending on H(D). Add the bold number on the Y-axis and the bold 
on the X – Axis to for the H(D) %  you have, The cross section of them is maximum 
T(D)C at that H(D)% 

 0 1 2 3 4 5 6 7 8 9 

00 110 105 104 103 102 101 100 99 97 96 

10 95 93 92 91 89 87 86 85 83 82 

20 81 80 78 77 76 75 73 72 71 70 

30 69 68 67 66 65 64 63 62 61 60 

40 59 58 58 57 57 56 56 55 55 54 

50 54 53 53 52 52 52 51 51 51 50 

60 50 49 49 48 48 48 47 47 47 47 

70 47 46 46 46 46 46 46 46 46 46 

80 46 45 45 45 45 45 45 45 45 45 

90 45 45 45 45 45 45 45 45 45 45 

100 45 45 45 45 45 45 45 45 45 45 

 Table 2 – Maximum temperature depending on desired humidity 
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Appendix 2: Test cases for AUT. 

Specified and detailed test cases, formulated and written by the author of this 
master thesis, who also performed the tests. 
 

Test case ID 1.C 

Event sequence Set desired temperature to max – 1 
degree 

Click button (increase temperature) 5 
times 

Expected result After 1 button press, button fades, 
value increases to maximum. 

  
Rest 4 clicks, no effect 

Affected functional requirement 6,9,11,15 

Additional info Perform for Celsius 

 

Test case ID 1.F 

Event sequence Set desired temperature to max – 1 
degree 

Click button (increase temperature) 5 
times 

Expected result After 1 button press, button fades, 
value increases to maximum. 

  
Rest 4 clicks, no effect 

Affected functional requirement 6,9,11,15 

Additional info Perform for Fahrenheit 

 

Test case ID 2.C 

Event sequence Set desired temperature to min + 1 
degree  

Click button (decrease temperature) 5 
times 

Expected result After 1 button press, button fades, 
value decreases to minimum. 

  
Rest 4 clicks, no effect 

Affected functional requirement 7,9,12,15 

Additional info Perform for Celsius 
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Test case ID 2.F 

Event sequence Set desired temperature to min + 1 
degree  

Click button (decrease temperature) 5 
times 

Expected result After 1 button press, button fades, 
value decreases to minimum. 

  
Rest 4 clicks, no effect 

Affected functional requirement 7,9,12,15 

Additional info Perform for Fahrenheit 

 

Test case ID 3.0 

Event sequence Set desired humidity to max – 1% 
Click button (increase humidity) 5 times 

Expected result After 1 button press, button fades, 
value increases to maximum. 

  
Rest 4 clicks, no effect 

Affected functional requirement 8,10,13,15 

Additional info  

 

Test case ID 4.0 

Event sequence Set desired humidity to min + 1% 
Click button (increase humidity) 5 times 

Expected result After 1 button press, button fades, 
value decreases to minimum. 

  
Rest 4 clicks, no effect 

Affected functional requirement 8,10,14,15 

Additional info  

 

Test case ID 5.C 

Event sequence Set desired temperature to max 
Click button (decrease temperature) 
Click button (increase temperature) 

Expected result Value decreases 1 degree 
Button (increase temperature)  becomes 

un-faded 
Value increases 1 degree 

button (increase temperature) becomes 
faded 

Affected functional requirement 6,9,11,15,16 

Additional info Perform for Celsius 
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Test case ID 5.F 

Event sequence Set desired temperature to max 
Click button (decrease temperature) 
Click button (increase temperature) 

Expected result Value decreases 1 degree 
Button (increase temperature)  becomes 

un-faded 
Value increases 1 degree 

button (increase temperature) becomes 
faded 

Affected functional requirement 6,9,11,15,16 

Additional info Perform for Fahrenheit 

 

Test case ID 6.C 

Event sequence Set desired temperature to min 
Click button (increase temperature) 
Click button (decrease temperature) 

Expected result Value increases 1 degree 
Button (decrease temperature)  

becomes un-faded 
Value decreases 1 degree 

button (decrease temperature) becomes 
faded 

Affected functional requirement 7,9,12,15,16 

Additional info Perform for Celsius 

 

Test case ID 6.F 

Event sequence Set desired temperature to min 
Click button (increase temperature) 
Click button (decrease temperature) 

Expected result Value increases 1 degree 
Button (decrease temperature)  

becomes un-faded 
Value decreases 1 degree 

button (decrease temperature) becomes 
faded 

Affected functional requirement 7,9,12,15,16 

Additional info Perform for Fahrenheit 
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Test case ID 7.0 

Event sequence Set desired humidity to max 
Click button (decrease humidity) 
Click button (increase humidity) 

Expected result Value decreases 1 % 
Button (increase humidity)  becomes 

un-faded 
Value increases 1 % 

button (increase humidity) becomes 
faded 

Affected functional requirement 8,10,13,15,16 

Additional info  

 

Test case ID 8.0 

Event sequence Set desired humidity to min 
Click button (increase humidity) 
Click button (decrease humidity) 

Expected result Value increases 1 % 
Button (decrease humidity)  becomes 

un-faded 
Value decreases 1 % 

button (decrease humidity) becomes 
faded 

Affected functional requirement 8,10,13,15,16 

Additional info  

 

Test case ID 9.C 

Event sequence Click button (increase temperature) 

Expected result Temperature increases 1 degree, value 
changes instantly 

Affected functional requirement 9 

Additional info Set value to min degrees before start. 
Iterate until maximum value is reached. 

Perform iteration for Celsius. 

 

Test case ID 9.F 

Event sequence Click button (increase temperature) 

Expected result Temperature increases 1 degree, value 
changes instantly 

Affected functional requirement 9 

Additional info Set value to min degrees before start. 
Iterate until maximum value is reached. 

Perform iteration for Fahrenheit. 
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Test case ID 10.C 

Event sequence Click button (decrease temperature) 

Expected result Temperature decreases 1 degree, value 
changes instantly 

Affected functional requirement 9 

Additional info Set value to max temperature before 
start. 

Iterate until value reaches min degrees. 
Perform iteration for Celsius 

 

Test case ID 10.F 

Event sequence Click button (decrease temperature) 

Expected result Temperature decreases 1 degree, value 
changes instantly 

Affected functional requirement 9 

Additional info Set value to max temperature before 
start. 

Iterate until value reaches min degrees. 
Perform iteration for Fahrenheit. 

 

Test case ID 11.0 

Event sequence Click button (increase humidity) 

Expected result Humidity increases 1 %, value changes 
instantly 

Affected functional requirement 10 

Additional info Set value to 0% humidity before start. 
Iterate until value 100% humidity is 

reached. 

 

Test case ID 12.0 

Event sequence Click button (decrease humidity) 

Expected result Humidity decreases 1 %, value changes 
instantly 

Affected functional requirement 10 

Additional info Set value to 100% humidity before 
start. 

Iterate until value 0% humidity is 
reached. 
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Test case ID 13.C 

Event sequence Increase temperature 1 degree 

Expected result Presented humidity corresponding with 
humidity in table 1 in the functional 

requirements 

Affected functional requirement 17 

Additional info Before start set desired humidity to 
maximum, and desired temperature to 

minimum. 
 

Iterate until maximum desired 
temperature is reached. 

 

Test case ID 14.C 

Event sequence Increase humidity 1% 

Expected result Presented temperature corresponding 
to temperature in table 2 in the 

functional requirements 

Affected functional requirement 18 

Additional info Before start, set desired temperature to 
maximum, and set desired humidity to 

minimum. 
 

Iterate until maximum desired humidity 
is reached. 

Test for Celsius only. 

 

Test case ID 15.C 

Event sequence Set actual temperature to 110 degrees 
Celsius in the simulator. 

Look at the actual temperature 
presented in the AUT exactly every 15 

seconds  

Expected result The actual temperature will increase 
with exactly 1 degree Celsius every 15 

seconds. 

Affected functional requirement 2 

Additional info Before start, set temperature unit to 
Celsius in the application under test. 
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Test case ID 16.F 

Event sequence Set actual temperature to 110 degrees 
Celsius in the simulator. 

Look at the actual temperature 
presented in the AUT exactly every 15 

seconds  

Expected result The actual temperature will increase 
with up to 2 degree Fahrenheit every 15 

seconds. 

Affected functional requirement 2 

Additional info Before start, set temperature unit to 
Fahrenheit in the application under test. 

 

Test case ID 17.0 

Event sequence Set actual humidity to 100% in the 
simulator. 

Look at the actual presented humidity 
in the AUT exactly every 30 seconds. 

Expected result The actual humidity will increase by 
every 30 seconds. 

Affected functional requirement 4 

Additional info  

 

Test case ID 18.C 

Event sequence Set desired temperature to x. 
Set actual temperature to x+3. 

Increase desired temperature with 1 
degree 

Expected result Both desired and actual temperature 
presents a temperature of x+1 

Affected functional requirement 1 

Additional info Perform for Celsius. 
X = random temperature within the 

range of maximum and minimum 
temperature. 
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Test case ID 18.F 

Event sequence Set desired temperature to x. 
Set actual temperature to x+3. 

Increase desired temperature with 1 
degree 

Expected result Both desired and actual temperature 
presents a temperature of x+1 

Affected functional requirement 1 

Additional info Perform for Fahrenheit. 
X = random temperature within the 

range of maximum and minimum 
temperature. 

 

Test case ID 19.0 

Event sequence Set desired humidity to x. 
Set actual temperature to x+5. 

Increase desired humidity with 1% 

Expected result Both desired and actual humidity 
presents a humidity of x+1 

Affected functional requirement 3 

Additional info X = random temperature within the 
range of maximum and minimum 

temperature. 

 

 


