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There are many considerations that need to be taken into account when developing mobile
applications. These difficulties are pronounced in cross-platform environments where
applications are developed for both Android and iOS platforms using cross-platform tools. As
a part of this thesis, an overview of the currently available set of tools, which have the
capability to test both native Android and iOS applications in a cross-platform manner, was
written. Additionally, a cross-platform demo application was developed by using the React
Native framework. A set of test cases were developed for this demo application, which were
then later on executed using a cross-platform testing tool called Appium. Based on the results
of the conducted research, Appium was chosen as the currently best open-source solution for
cross-platform native application testing. However, it was noticed that there are challenges
related to the testability of native mobile apps in a cross-platform way, that cannot be solved
convincingly by solely using the Appium test tool, and thus the subject requires further study.
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Mobiilisovellusten kehittämiseen, ja etenkin niiden testaamiseen liittyy paljon haasteita. Nämä
haasteet korostuvat monialustaympäristössä, jossa sovellusjulkaisuja tehdään sekä Android- ja
iOS -alustoille samaan aikaan monialustaratkaisuja hyödyntäen. Työssä kartoitettiin tällä
hetkellä saatavilla olevien testausautomaatiotyökalujen tarjontaa, jotka tukevat monen alustan
samanaikaista testausta ilman, että testiskriptejä tarvitsee kirjoittaa räätälöidysti jokaiselle
alustalle erikseen. Tarkempaa tarkastelua varten kehitettiin demosovellus React Native
-monialustaohjelmistokehystä käyttäen. Demosovellusta varten kehitettiin testitapaukset, jotka
ajettiin kartoituksen pohjalta parhaaksi valikoidulla, avoimeen lähdekoodiin perustuvalla,
Appium -työkalulla. Testitulosten pohjalta havaittiin, että monialustatyökaluilla kehitettyjen
natiivisovellusten testaamiseen liittyy haasteita, jotka vaativat lisätutkimusta. Pelkkä työssä
käytetty Appium -työkalu ei pystynyt ratkaisemaan kaikkia näitä haasteita vakuuttavasti.
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LIST OF SYMBOLS AND ABBREVIATIONS

API

Application Programming Interface

App

Mobile Application

AUT

Application Under Test

CI

Continuous Integration

CSS

Cascading Style Sheets

DevOps

Development & Operations

HTML

Hypertext Markup Language

HTTP

Hypertext Transfer Protocol

IDE

Integrated Development Environment

JS

JavaScript (Programming language)

JSON

JavaScript Object Notation

JSX

JavaScript XML

NFC

Near Field Communication

OS

Operating System

SME

Small and Medium-sized Enterprises

SQL

Structured Query Language

TaaS

Testing as a Service

TDD

Test Driven Development

UI

User Interface

XPath

XML Path Language
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INTRODUCTION

This first introductory part of the work gives a short reflection to the subject matter of mobile
application (app) development, and the difficulties faced in mobile application testing. Also,
the goals and delimitations of this work are introduced in this chapter, alongside the overview
of how the other parts of this work are structured.

1.1 Background
The mobile application industry is a highly competitive one. The number of applications
available from the different marketplaces, such as the Google Play for Android (2.8M) and
Apple App Store for iOS (2.2M), runs in millions [1]. Additionally, mobile apps are
distributed via other third-party stores, such as the Amazon Appstore [2], or can be developed
internally to solve specific business needs. The trend for the number of mobile applications
seems to keep increasing, as more and more companies are offering their services in a digital
form. New ideas for unique applications are brainstormed every day, however the real
difficulty in application development lies in the implementation and having a quick time to
market. This is one of the reasons why using tools and methodologies that support rapid
progression are important factors in mobile application development.
In its current form, the mobile environment is mainly divided to two large ecosystems:
Google's Android and Apple's iOS. According to the analytics data of StatCounter Global
Stats in February 2018, from these two, Android holds globally approximately 75% of the
usage market share, and iOS 20% [3]. There are also some smaller ecosystems, but their
userbase is much smaller in comparison to that of Android and iOS. Due to this dichotomy, an
app may need to be developed twice, once to support each of the major platforms, if no multiplatform development tools are used in the process. Additionally, these mobile ecosystems
have internal fragmentation in the form of diversity in the devices used in them. This
fragmentation can be seen in the differences of the device specifications, such as screen sizes,
performance and memory, all of which need to be taken into account when developing
software for these devices – consequently, further complicating the task.
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Due to the fact that the mobile development industry is still young relatively speaking, there
are no best practices or “silver bullets” that would be set in stone, but instead they are
constantly evolving. To alleviate the fragmentation problem mentioned earlier, many choose
to use multi-platform development tools that make the development process easier. The goal
of tools like Xamarin [4], React Native [5] and Unity [6] is to present a framework where the
application can be developed once, while providing mechanisms to deploy the application to a
plethora of different platforms, thus reducing the development time and costs. These tools
often do not offer solutions to other necessary tasks, such as testing, though.
In terms of software development practices, one of the currently emerging trends is so called
DevOps (Development and Operations) culture, which tries to solve problems that are closely
related to the world of mobile app development as well. One definition for DevOps, as
mentioned in the book DevOps: A Software Architect’s Perspective, goes as following:
“DevOps is a set of practices intended to reduce the time between committing a change to a
system and the change being placed into normal production, while ensuring high quality.“ [7,
p. 4]. These goals are often achieved by the implementation of agile development methods,
higher level of collaboration between various stakeholders, continuous integration (CI) of
written code, quality through test automation, automated deployment pipelines and usage of
monitoring systems [7, p. 4-7]. The traits of proper DevOps utilization, such as rapid
deployment cycles and good quality assurance through testing, play a huge role in the mobile
environment, where the changes to ever evolving mobile apps can be very quickly distributed
to millions of users through the application stores.
While agile and DevOps practices are widely in use, or are at least in the process of being
adapted, there are still a lot of difficult problems that there is no clear answer to. In the study
made by Capgemini, which questioned the executive personnel of 1660 tech companies, a
large proportion of the respondents answered that they do not have the right tools (46%) nor
the right processes or methods (47%) to conduct mobile application testing in an agile
development context. In addition to the challenges caused by diversity of the device hardware,
the problems with network connectivity and dependencies to back-end applications are
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mentioned to be problematic aspects with mobile apps. In this light, there is a lot to be studied,
and a lot of room for improvement in the field of mobile application testing. [8]
In conclusion, good testing practices can support the fast paced nature of mobile application
development and are a requirement for full utilization of DevOps practices [9]. However,
carrying out testing in an adequate way in a mobile environment is hard. Manual testing is one
of the easiest and most basic ways of doing testing. However, simply due to the fact that the
applications may need to run on different kind of devices, such as tablets and phones, and in
different operating systems (OSs), this quickly becomes a very cumbersome and unpractical
process. While the setup process for test automation comes with its costs, the benefits of such
system can be seen in the long run. Also, test automation helps to fight against software
regression by checking that the introduction of recent features has not broken the earlier
functionality of the software. A comprehensive suite of automated tests provides confidence
that the application is working according to the specification. This kind of automated testing is
a crucial requirement for implementing automated pipelines for any kind of project –
supporting the operations side of the DevOps principles. [10]

1.2 Scope and delimitations
The goal of this work is to investigate what testing tools can be integrated to a software
engineering process where mobile apps are developed in a cross-platform manner.
Additionally, as the part of this investigation, the nature of unique challenges and limitations
that are imposed to app automation testing on mobile, are studied.
One of the goals of this work is to write an overview of the current status of the test
automation tools that support cross-platform mobile application development for both Android
and iOS. The focus of this project is the automation of higher level, end-to-end, user interface
(UI) –tests. An analysis of available open-source tools for multi-platform testing is made, and
a single mobile testing framework with suitable characteristics is chosen for closer
investigation.
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The chosen framework, alongside with applicable test automation tools, are used to design and
implement a test suite that can be ran against Android and iOS versions of a test application in
an automated way. This is the ideal scenario, but, due to the differences in implementation
details, the limitations of the framework and OS specific factors, compromises may need to be
made for the final solution. The goal of this is to get real world insights to both the benefits
and the difficulties faced with this kind of approach where testing is done in a cross-platform
manner – in comparison to one where the testing tools are chosen, and the test suites tailored,
separately for the platforms in question.
The aforementioned practical work is undertaken as a part of an initiative to streamline the
testing of cross-platform mobile development projects in a software development consulting
company OCTO3 Ltd. The main issue at hand, which aligns with the objectives of this study,
is that the testing practices for mobile projects at OCTO3 vary on a per project basis and also
depend on the target platforms. This thesis investigates the feasibility of using solutions with
cross-platform support that could simplify and unify these testing tasks in the future.
In conclusion, the main goals of this thesis are:
•

Examine the state-of-the-art in end-to-end mobile application test automation tools,
when testing is done in a cross-platform manner for native applications.

•

Create criteria against which the suitability of the available testing tools can be
evaluated for usage in a typical mobile development project at OCTO3 and similar
small to medium-sized enterprises (SMEs).

•

Document the feasibility of cross-platform testing based on the practical experiences
with the chosen tools in their current state.
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1.3 Structure of this work
In the first part of this work after this introduction, the field of software testing and its
definitions are examined in a brief fashion. Additionally, an analysis to testing, and its
importance in supporting agile development for mobile environments is made.
The third chapter of this work goes into more detail why mobile application testing faces its
own challenges. This chapter goes through the prerequisites for testing in different mobile
ecosystems, and the common characteristics of mobile hardware and software that can
complicate the testing process.
In the fourth chapter, an analysis of the current state of the open source tools and frameworks
that facilitate multi-platform testing for mobile applications is made. This analysis is based on
a review on other studies investigating the field of mobile testing and the actual feature sets
provided by the tools. Based on the findings of this analysis, a suitable framework for the
practical part of this work is chosen.
The fifth chapter of this work introduces the mobile application that the testing suite will be
developed for. Both the details of the technical implementation, the specifics of the tools used
to create it, and the general purpose of the app are explained in this chapter.
The details regarding the practical part of this work, that is, the implementation of the test
suite are explained in the sixth chapter. Results and findings, alongside any difficulties that
may have been faced, are explained in a step-by-step basis in this chapter.
The seventh chapter of this work reflects the final results of this work and how they could be
further expanded upon hereafter. In this chapter the future development goals and ideas for
this particular project at OCTO3 Ltd., and similar projects in general, are brought together.
This thesis is completed by a final chapter, in which the results and conclusions of this work
are laid out. The goal of this chapter is to paraphrase the subjects and results of the previous
topics and to summarize the outcomes of this work.
8

2

SOFTWARE TESTING IN MOBILE DEVELOPMENT PROJECTS

Testing has an important role in software development projects. The testing process aims to
verify and validate that the developed application meets the technical and business
requirements that have driven the design and development phase. Additionally the testing
process tries to ensure that the application works as expected by searching for defects from the
program that can be fixed. The ultimate goal of this process is to ensure that the software
meets a specified degree of quality and fulfills the users’ needs and expectations. [11]
When testing is approached in a systematical manner, this process can account up to 50% of
the time spent in the development phase of a software project. This is due to the fact that
testing is a demanding task that needs to be revisited when the software evolves. It should also
be noted that when developing software in an agile manner, testing it is not a separate task, but
instead these functions should support each other – developers should work alongside testers,
making sure that they write modular and easily testable code, while receiving feedback to
eradicate faults from the software as early on as possible. When writing test cases for the
application code, and aiming for a high test coverage, the lines of code written for the tests
may overcome those written for the implementation itself. A key factor in successful testing is
the proficient use of testing tools and methods, and that the appropriate testing infrastructure
and practices – such as problem tracking systems – are in place in software organizations. [12,
p.310-315] [13, p. 249-250]

2.1 Traditional software testing levels
Different kind of testing occurs in the different phases of the development life cycle for a
software project. These tests can be based on specifications, design artifacts or the source code
of the software. A classical model that describes these different levels of software
development tasks, and their accompanying quality assurance responsibilities as a part of a
software project, is the so called V-model. While the exact naming of the software
development task phases in this model may vary depending on the source, the underlying idea
always stays the same. One version of this model is illustrated in Figure 1. This dated V-model
is criticized for closely relating to the rigid and linear waterfall software development model –
9

whereas modern software projects employ agile development methods that are more iterative
in nature [14, p. 36-37]. Regardless of when these levels of design and testing are applied in
practice, this model manages to successfully identify the different kinds of defects we should
be looking for in a software development project. Even though the actual tests cannot be
executed before some work in the equivalent implementation is done, there are arguments
supporting the fact that even the act of thoughtful planning of these tests can help to identify
problems in the requirements and design early on. This can save costs and development time
in comparison to a scenario where these problems would be encountered at later stage. [15,
p.5-8]

Figure 1: Software development activities and their accompanying testing activities – the “V-model”. [15, p. 6]

2.1.1 Requirements analysis & Acceptance testing
The requirements analysis phase of a software development project tries to assess and
apprehend all of the customer’s needs. The goal of acceptance testing is to ensure that the

10

application actually solves these needs. Acceptance testing must incorporate people with a
high level of domain knowledge, such as the product owner or actual end-users.

2.1.2 Architectural design & System testing
In the architectural design phase technical specification documents for the business logic are
generated based on the user requirements gathered in the previous phase. System testing
verifies that the whole product works as defined by the scope of the project, without
knowledge of the underlying code or components. This is the level where the user interface
testing occurs.

2.1.3 Subsystem design & Integration testing
The subsystem design phase, also referred as high-level design phase specifies the list of
components and their connections that together compose a system that realizes the previously
specified technical details. Integration testing verifies that, when put together, the different
modules of the program work correctly in unison. Commonly this is done by testing the
different interfaces or application programming interfaces (API) that the application provides.

2.1.4 Detailed design & Unit testing
The detailed design phase consists of all the low-level designs for the system. This includes
detailed specifications on how the different components for the business logic will be
implemented. Unit or component testing checks individual units of code. These tests are
written alongside by the actual implementation code by the developers. The goal of these tests
is to catch and fix defects in the code as early as possible in the development process.

2.1.5 Regression testing
Another important form of testing, that is not shown explicitly in the V-model, is called
regression testing. Regression testing happens in the maintenance phase of software
development life cycle. Regression testing means re-testing the program with old, previously
made, test cases after changes to the program have been made. Its intended purpose is to find
11

whether the changes made to the program have introduced new defects against the established
specifications and functionality that have been previously tested and verified. In an ideal
scenario, regression testing is always done at every level of testing when a new version of the
software is produced. This makes regression test suites an ideal candidate for automation. [14,
p. 49]

2.2 Testing techniques
There are different ways to do testing, and many categorizations and nomenclature for
different testing techniques exist. However, in this chapter the distinctions in different testing
techniques are described on a generic level.
A strategy for testing software can be either manual or automated. In manual tests, the testing
is done by hand, whereas in automated testing the tests are performed by using specialized
software tools. Both manual and automated tests can be either scripted or exploratory in
nature. Scripted tests are tests that are have been dictated beforehand and have expected results
that are checked to verify the correctness of the software. Exploratory testing is less strict,
more improvisational form of testing where the functionality of the software is tested without
predefined restrictions. [16, p. 14-16]

2.2.1 Scripted testing
Scripted tests are planned ahead with care and are often very specific. By its nature, this kind
of testing is well documented, but takes a lot of trouble to upkeep. This kind of testing may be
hard to accomplish and maintain in an agile environment where the test cases have a high
chance to quickly become broken or obsolete as the project evolves. [16, p. 11-15]
When done manually, scripted testing can be cumbersome due to its repetitive and
straightforward nature that can lead to human errors, for example, due to fatigue or blindness
to the faults in the system. These problems can be solved by automating the testing process,
but this requires the right tools and expertise for the job. Still, the human aspect in verifying
that the program and the tests actually did what they were expected to can be important.
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Scripted manual testing is also favored when doing tests in production environments that have
complicated real world data and dependencies, that can point out new problems in the system.
Also, automated tests are based on code, that can have bugs of their own, and as such are
dangerous to run against production environments. [16, p. 11-15]
Preconceived, scripted tests, are the most typical form of testing. The practical part of work in
this thesis mainly focuses on these kind of test scenarios.

2.2.2 Exploratory testing
Exploratory testing is more relaxed and lays more emphasis on the human aspect of testing. In
this form of testing the tester tries to find bugs by investigating and exploring the functionality
of the software in a free formed manner. Exploratory testing is well suited for agile
development and projects with shorter development cycles as less time is spent on maintaining
the test cases, and more time is spent on doing actual testing work instead. The drawbacks of
this method are the lack of similar documentation trail as in scripted testing, and the risk of
useless labor by retesting the same functionality over and over. [16, p. 16-17]

Exploratory testing can be mixed with scripted testing techniques by adding exploratory
variations to predefined scripted test cases. This widens the scope of the original test case and
allows the investigation of optional user paths. This is kind of testing can be useful especially
for mobile applications where interruptions, such as incoming phone calls, to the normal
action path are not uncommon. For example, by using an automated tool, a mobile app can be
tested for problems in its life cycle management – the loss of user input or application state is
a well-known problem in mobile applications when the app loses focus, is sent to background,
and ultimately is brought back up again [17]. This kind of testing can be used to systematically
simulate the adverse conditions and interruptions the application may face in the wild, that are
not part of the traditional execution path [18]. [16, p. 19]
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Exploratory testing can also be completely automated. While more advanced techniques exist,
one of the simplest forms of automated exploratory testing is so called monkey testing.
Monkey testing is a technique where the application is tested with random inputs to check
whether the program will crash or hang. While this is not a very sophisticated technique in its
most basic form, it can be a very cost-effective way to detect edge cases and find fatal bugs
from the application. [19]

2.3 Testing in mobile development
Most mobile development projects have characteristics that rationalize the usage of agile
approaches [20]. Mobile apps are often smaller, stand-alone applications, developed by
smaller teams, in a volatile environment where the requirements change as the project goes on.
Due to this agile nature, the test levels of the V-model, as presented in section 2.1, tend to be
more overlapping. A more typical life cycle model for mobile application testing is presented
in Figure 2. [21]

Figure 2: Life cycle model for mobile application testing [21]

The functionality of most mobile applications is based on some pre-existing or ad hoc backend. A typical back-end consists of a JavaScript object notation (JSON) based API, that
provides the necessary information and content that application operates upon. The unit and
unit integration tests aim to ensure that both the front-end and the back-end have no defects of
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their own. These tests are normally performed by the front-end and back-end developers and
they do not require mobile devices or special instrumentation.
In the system integration testing phase the interconnectivity of the back-end and the front-end,
that form the functionality of the mobile application, are tested together. For example, a
typical test can request information from the back-end as a result of an action in the mobile
application which then triggers a database query in the back-end. The tests from this level
onward are often a job for separate software testers and can be executed on actual mobile
devices or emulators. [21]
The mobile environment presents completely new kind of testing requirement in the form of
compatibility testing. The goal of device testing is to ensure that the application works as
intended on different versions of hardware and operating systems. Testing in the wild is a
more exploratory form of testing for the application where it is used in the same way, and in
the same context, as the end users of the application would. These tests may reveal, especially
usability related, problems that have not emerged in tests made under simulated or laboratory
conditions. [21]
In addition to the work related to fixing post-release bugs, there is an another challenge in the
maintenance phase for a mobile application: updates to the operating systems and new device
versions. This means that the need of further testing may be triggered externally, even when
no new versions of the application under test (AUT) have been released. The functionality of
the application should be verified on these new versions of devices as soon as they emerge on
the market.
Alongside these different phases of testing, the non-functional side of the mobile application
should be tested as well. For example, these non-functional tests may include, but are not
limited to: user experience testing for the usability of the front-end's user interface, stress
testing for the back-end to find the maximum amount of users the system is able to support in
its current configuration, or security assessments to find vulnerabilities in the system.
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2.4 Test automation
Automated testing can save the effort and costs required in achieving satisfactory level of
testing. Alternatively, by using test automation more testing can be done in the same limited
amount of time. Often the implementation of test automation systems lead to the result that
testing is done more often, since it can be done in rapid fashion, which leads in greater
confidence in the system and ultimately quicker time to market for the product. [22, p. 3-4]
On the other hand, the initial setup of a test automation system requires time and resources.
Test automation should be pursued only when there is a clear vision for advantages that can be
gained from it, such as reducing the time and effort taken for testing or guarding against
quality risks that could not be otherwise covered by manual testing. If no time savings or other
benefits from an automated system can be seen in comparison to manual testing for the project
in question, adapting automated tools to the testing process does not make sense from a
business point of view. [23, p. 324-327]

2.4.1 The benefits of automation
When test automation is implemented and managed properly, tests can be ran without human
supervision for example every night. Once set up, this kind of testing provides more quality to
the project without the need of sinking extra man-hours to do the testing manually. The test
execution time of automated tests is also more predictable and the automated test are always
repeated the same way without the chance of human error. When using automation, the
manpower and resources can be utilized in a better way. For example, boring and menial tasks,
such as typing in the same test inputs can be automated – this is especially true for mobile
testing, where the interaction with the devices is more cumbersome. By using automation,
ideally the same tests can be ran against different versions of the application on different
platforms to check that the features of the program behave in the same way. The same kind of
consistency in the tests between different platforms and versions of the application may be
hard to achieve with manual testing. Additionally, some kinds of testing, for example doing
performance testing with a large group of (simulated) users, can be really difficult or
impossible to do without automation. [22, p. 9-10]
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2.4.2 Different levels of automation
If automated testing is utilized fully, and it is used in conjunction with other value increasing
practices such continuous integration and delivery, test automation must be done in three
different levels. These different testing levels are shown in the test automation pyramid, as
depicted in Figure 3. This pyramid describes the types of testing and their proportional
amounts in a project that utilizes test automation.

Figure 3: The testing pyramid [12, p. 312] [24, p. 20]

The large basis of the test automation pyramid consists of unit tests, as these are the most
common tests that are written. Automated unit tests provide information to the programmers,
and the ability to track down issues, at a very low level in the implementation code. A failing
unit test can be used to pinpoint the issue to a certain function or a line of code, instead of
trying to find the error from thousands of lines of code based on a vague description of what is
wrong with the system. Some development paradigms such as TDD focus heavily in unit
testing, where these tests are written before the actual implementation code. [12, p. 311-312]
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The middle part of the pyramid includes service level and API tests. These tests ensure that the
different components of the application work correctly without adding the complications of
the user interface. These kinds of tests cover larger parts of the application with fewer tests
than the lower level tests. These tests mainly test the same things as the higher level user
interface tests do, but they are not as fragile in nature, are not as expensive to write and
maintain, and take less time to run. [12, p. 312-314]
The user interface tests at the top of the pyramid cover mainly the same things as the lower
level tests already do. However, these tests test the system in the same way as the end user will
see it. Roughly generalized, the UI-tests confirm that the buttons do what they are expected to,
and that the right data and results are shown in the right places. The amount of tests that
should be done at this level is a lot lower, as these kinds tend to break often and require
maintenance when changes to the user interface are made. Also, less test cases are needed here
to cover the whole system, since any problems and defects at the lower levels will be reflected
to the tests at the top of the pyramid. These kinds of tests are sometimes referred to as
“instrumented tests”, as special testing tools are used to run them either on a hardware device
or an emulator. [12, p. 312-314]

2.4.3 Test automation in agile projects
Test automation has a huge importance in agile projects, as the development team must have a
quick and reliable way to get feedback on the status of the product. Especially regression
testing has a great importance, as it ensures that the new features that have been developed
during a sprint or an iteration have not broken those of the previous ones. Without automation,
the regression testing alone will weigh the team down more and more as the project goes on,
as all the previous features need to be manually tested before the team can be sure that the
product is in a condition where it could be potentially shipped at the end of a sprint. In
contrast, an automated test suite that grows as the project advances, will provide a mechanism
to judge the state of the project in a manner that is suitable for the agile development cycles. In
general, test automation will boost the confidence of the development team that the product is
working as it is supposed to. [12, p. 314-315]
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To gain the full benefits from an automated testing system, test automation must be ideally
brought into the project in its early stages. This is so, that the benefits from the cheaply
repeatable tests can overcome the initial setup costs of an automated testing system. Figure 4
depicts the costs and benefits of automating a test over time in an agile project.

Figure 4: The costs and benefits of automating a test over time [12, p. 315]

When a feature is being actively developed, most changes are done to the code, so automated
tests provide the most value during that time. If testing is done at later stages, the older parts of
code might not change, and are already proven stable, and thus no further value is gained if
these parts of the code are tested any further in an automated fashion. Similarly, the costs of
automation rise when the project advances further. Retrofitting automation to an existing
application is not as easy, as if it was done from the beginning where the testing requirements
could have affected the design. If testing is done as an afterthought, the balance with the
number of tests will not resemble that of the testing pyramid – automated unit and servicelevel tests can be difficult to add to the application before the codebase is refactored, so
majority of the testing may rely on fragile UI-level tests. [12, p. 315-316]
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2.4.4 The risks and costs of automation
While test automation does have its upsides, it does not magically solve all the problems of
software testing. Test automation cannot fix poor testing practices. If the tests are not designed
in a systematical manner and are not good at finding defects, all that automation does in this
kind of scenario is that it improves the pace that these inadequate tests can be done. [22, p. 1011]
Automated testing may provide a false sense of security in that the application works. Most of
the value in automated testing lies in the ability to provide confidence that the tested parts of
the system keep working rather than finding new defects. If this nature of test automation, and
the need for additional manual and exploratory testing is not understood, then the use of
automation may be harmful for the organization in question. [22, p. 11]
The maintenance of automated tests takes effort. When changes to the software are done,
many, if not all of the tests may need to be updated before they can be executed successfully
again. If these tests are written in such a manner that updating them takes more work than
doing the tests manually, then the test automation initiative will be doomed. [22, p. 11]
Test automation solutions are software products and can have problems of their own. When
using third-party software for your testing purposes, you are dependent on the support that is
provided for the tool if you run into problems when using it. These problems can vary from a
bug or defect in the tool to a missing feature that you would require for your testing needs.
The support for the tool can either provided by an another company, or a community of
developers when using open source tools. This dependency on external factors adds additional
risk to the success of your project. Additionally, the time and expertise required to change or
adapt to new testing tools is something that must be taken into account. [22, p. 11-12]
Test automation does have organizational ramifications. Doing automated testing is not
simple, and requires programming knowledge. This means that automation testers must be
able to work with the automation language and tools. Additionally, they must have an
understanding of the application’s business area and what it is supposed to do. Otherwise there
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is the chance that automation developers misunderstand the test requirements in a similar
fashion that software developers every now and then misunderstand the business requirements.
These risks are a possibility when the testing is outsourced, or done by a team that otherwise
works in isolation from the development team. It must be noted as well, that the initial
introduction of test automation comes with its costs that may not be compensated by the
benefits that are gained in the first project that automation is utilized in – the benefits will
rather be long-term as test automation becomes more integral part of the culture of the
organization. [22, p. 12-13]

2.5 Additional roles of mobile application testing
Testing is not just a task of finding defects from the code, it plays a much bigger role in
assuring the quality of the software project that is provided as a product or a service to the
customers. This is extremely prominent in the mobile ecosystems. On mobile, software can be
rapidly distributed to the worldwide mobile app stores, where users can publicly rate and
review these apps – bugs or faults in the software can lead to disgruntled customers that can
blemish the reputation of the app or the whole brand due to negative feedback.
In his article Mobile Testing Haller recognizes different expectations, via three different
perspectives, as shown in Figure 3, that are related to mobile applications [21]. In this paper
Haller argues, that there is a shift in the role of testing for mobile projects, and that testing is
much more than verifying that the implementation matches the specification. Successful
mobile projects should also take into account the user expectations, analyze competing
products, and make sure that the developed applications truly support the business goals. [21]
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Figure 5: Three perspectives on a mobile app [21]

To ensure a high quality of the app, in addition to the aforementioned holistic viewpoints,
good development and operations practices should be set in place early in the project life
cycle. Automated tests play a key role in catching problems early when they can be fixed with
ease. Extensive testing also stipulates constraints on the development process which
encourages the use of good development practices. A well executed testing strategy provides
confidence that the software is working as it should. Ideally the tests for non-functional
aspects of the software should be automated as well – these kinds of tests can provide, for
example, performance related empirical data that allows to identify bottlenecks and potential
culprits before production use. Test automation is also a cornerstone when creating more
sophisticated systems, such as continuous delivery, that support the activities of the operations
side of business. [10, p. 83-84]
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3

CHALLENGES OF MOBILE DEVELOPMENT & TESTING

In their current form, mobile devices provide a huge and widely available platform with
reasonable amounts of computing power, and are capable of complicated tasks that have been
previously only feasible on personal computers. In addition, these mobile devices are equipped
with a plethora of sensors and wireless connectivity which have enabled the development of
mobile applications that provide highly location and context-aware services. However, for
these same reasons there are new challenges and concerns in mobile app development that
have not been previously faced when developing and testing traditional applications. [25][26]

3.1 Distinctive issues for mobile development & testing
For the most part, mobile application development is no different from the act of developing
software for other embedded solutions, where software is integrated with hardware that has
certain limitations. Conventional issues, such as performance and storage limitations, as well
as concerns regarding application security and reliability are present in mobile development as
well [26]. However, the following chapters go through the details of some of the most
prominent aspects that are unique to mobile development.

3.1.1 User interface considerations
Mobile devices are often categorized to smart phones, that are considered as more handheld
devices, and to larger tablet computers, that allow more productivity at the price of limited
portability. Devices in both of these categories come in different sizes and aspect ratios, and
have screens with various resolutions and display densities. Different kinds of devices also
have varying computational resources and battery life. A well designed mobile software
should support this whole spectrum appropriately. This multitude of device types is one of the
reasons why automation can help the testing process. [27]
A user interface layout for a mobile app can be adaptive, so that a different layout is used on
larger devices, such as tablets, to utilize the available screen space more efficiently.
Additionally, the orientation of the screen is not fixed on mobile, as the user may rotate the
device freely – a well designed app will adapt to these orientation changes as well.
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The entire set of display related variables make it hard to develop and test user interface
layouts that work well with all the limitless screen size variations. This task becomes even
harder when the interface usability is factored in. For example, a layout in which elements,
such as text, are scaled down to fit smaller screen sizes may become unusable after a certain
point of scaling. This also complicates things from the testing point of view – in the
aforementioned case the UI passes its functional requirements, as all the required elements are
present in the view, but in the non-functional sense the UI is practically unusable.
Additionally, mobile application user interfaces are subject to other non-functional
requirements as well. The UI design in a mobile app must follow the platform guidelines and
best practices set for the ecosystem in question. This is particularly problematic when
developing software in cross-platform manner, as there are nuances in how certain UI related
things are expected to function on different platforms. In the worst case, if these guidelines are
neglected, the application may be rejected in the submission phase to a mobile app
marketplace. [28]
Users have a certain expectations for the responsiveness of a mobile app, and slow,
unresponsive apps are often ill-received. However, certain delays in a mobile environment
with wireless network connections are inevitable. This means that, for example, when fetching
new data to the app, the delay needs be handled somehow in the user interface. This can be
achieved by displaying old or cached data where applicable, or covered by loading indicators
and other suitable placeholder elements as described in the platform guidelines.

3.1.2 Differences in hardware and software platforms
The mobile landscape is a constantly evolving one. New devices with new versions of
operating systems and updated hardware capabilities are released on a yearly basis. A good
example of these kinds of changes is the notch that was introduced in the rounded iPhone X's
screen and the coincident removal of the physical home button – these changes had
ramifications on how applications should arrange custom content, and display user interface
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elements on the screen in a way that they do not clash with the changes introduced to the
operating system and the new devices. New device and OS releases can be thought to provoke
the need for testing, even if no new versions of the application under test were actually
released [21]. From a development perspective, it also makes sense to set some kind of
baseline that defines the oldest versions of device families and operating systems where the
software is supported and verified to work on.

Figure 6: 4.7" iPhone vs. iPhone X. According to Apple’s guidelines, the designed
layouts should fill the borderless screen and not be obscured by the device’s
rounded corners, its sensor housing, or the home screen indicator. [29]

Even though the software development kits for different mobile ecosystems try to maintain
backwards compatibility as well as they can, there still might be some fallback considerations
that need to be taken into account at development time. This means that maintaining
backwards compatibility increases the complexity of the implementation. Also, as time goes
on, and updates serving the purposes of the new versions of devices are made to the code, the
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task of verifying that the backwards compatibility is maintained properly keeps getting more
tedious.
The complexity of the testing task against different device families can be alleviated by the
use of emulated hardware and operating system images. Emulation causes its own problems
for apps that rely heavily on sensor and location data, though. While some kinds of sensor data
such as location or accelerometer data can be simulated with relative ease, this is not the case
with applications that communicate with other devices using near field communication (NFC)
or Bluetooth. In these cases, these features need to be somehow mocked for testing purposes,
or the testing needs to be actually performed on real physical devices. [27]

3.1.3 Other mobile specific considerations
Mobile applications can potentially interact with other applications, which makes the testing
and development tasks more difficult. Examples of this kind of functionality can be the
interaction with the native features of the mobile OS, such as using the camera, sending text
messages or calls – or alternatively interactions with 3 rd party applications, such as a share
feature to a social media app. Additionally the application can depend on complex features,
such as fingerprint validation, speech recognition or in-app-purchases, that are provided by the
native APIs. As mentioned earlier, the mobile applications are heavily contextual and their
operation can depend on sensor information and location data that is related to the mobile
device’s whereabouts. [27][30]
Unlike in traditional applications, on mobile the network arrangement can vary on the fly from
fast wireless networks to slow telephone network connections. The app should be designed
and tested to cope with changes in these network conditions. [27]
On mobile, the input methods that are used to interact with the application are much more
diverse by nature than what we have used to in desktop environments. Many actions in mobile
applications are based on gestures that can be hard to simulate and test automatically. [27]
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By design, the mobile platforms are relatively secure, as the applications running on them are
sand-boxed and the applications have rights to interact with the OS and other applications only
on permission basis from the user [31]. Still, the security aspects of a mobile device should be
taken into account when designing mobile apps. For example, for most applications the
storage of user credentials and automatic login might be a requirement from the perspective of
ease of use, but for a more mission critical application this can be a security issue. Good
development practices and the usage of industry standards, such as transport layer security in
network connections, have utmost importance when designing secure mobile applications that
can operate in unsafe networks. [30]

3.2 Device infrastructures for mobile testing
As mentioned in the previous chapters, there are various reasons why mobile testing should be
done with as many kinds of devices as possible. There are different strategies on how testing
can be achieved with multiple devices, and these strategies can vary depending on the kind of
testing that needs to be done. The most typical testing infrastructures are shown in Figure 7.

Figure 7: Different mobile testing infrastructures
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3.2.1 Device emulators
One of the simplest ways to do testing, is to do it locally by using a virtualized device
emulator that is running on the development or testing machine. Device emulators are a cost
effective way to do testing, as you do not need to buy the actual mobile device hardware.
Emulators for differing devices, with parameters for screen size, memory size and other
settings, can be easily set up and ran using the tools in the software development kit for the
desired mobile platform. [27]

3.2.2 Local devices
A local device can be used for testing, where features, like gesture input, of an actual device
are required. Applications often run more smoothly, and behave performance-wise more
closely to the real environment, when tested on actual devices instead of their emulated
counterparts. A local testing device can also be used when running automated tests locally. In
this case, the application under test is ran on the mobile device, but it is controlled by an
automation tool running on the PC that the mobile device is connected to. Emulators and local
devices are an essential tool when creating new test cases, and doing functional testing in
general. [21]

3.2.3 Device clouds
When doing testing in large, and in more automatized way, a device cloud based solution is
necessary. A device cloud is a centralized device pool that can be accessed remotely. A device
cloud may not be accessed directly, but rather used by a CI server that offloads the testing task
to the device cloud. A device cloud used for testing purposes can either be private, or a public
one that is provided by a commercial service provider. Device clouds require more
sophisticated testing architecture, but they are suitable for running, for example, automated
compatibility and regression tests in a systematic manner. [21]
Public device clouds provide testing solutions on the cloud, by using a testing as a service
(TaaS) business model. The benefits of these kind of TaaS based solutions is that the service
can provide access to a wide gamut of testing devices that normally would be costly to obtain
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and manage in a privatized manner. This kind of pay-as-you-test model can be cost effective
and these commercial solutions can provide useful out-of-the-box features such as logging,
screenshot and video capture for test case execution [32]. To utilize these kind of public
testing services the back-end interfaces that the application depends on need be be publicly
accessible. Additionally, the legal ramifications of uploading the developed application to a 3rd
party environment, that is shared by other users and is based on an offshore location, may need
to be taken into account when using a TaaS solution. [27][32]

3.2.4 Crowd-based testing
In the crowd-based approach a group of users, whether part of the development organization,
contracted, or a part of the community of end users, are given an access to a test version of the
application. This type of testing is used to gather exploratory, in-the-wild testing information
on a wide variety of users and devices. While this kind of testing can give a good coverage for
testing with different devices, the actual quality of testing is mediocre – feedback from this
kind of testing can be limited to analytics information and crash logs, and the errors
encountered in the wild may be hard to reproduce in laboratory conditions because the actual
hardware and specific setups where the bugs are encountered are not known or accessible. [27]
Both store platforms, Google Play for Android and App Store for iOS, have their own
application testing processes. Google Play provides tools to set up open, closed, or internal
testing releases [33]. Apple’s App Store presents similar testing functionality via the
TestFlight testing program [34]. Both of these systems have their own rules, differences and
limitations, but they mainly work on invitation based lists of tester users and their email
addresses. These testers that have been invited to the list, are granted the ability to install and
test a separate non-production version of the application on their mobile devices.

3.3 Cross-platform development
The differences between different mobile platforms are seemingly small from the user’s point
of view. All of the major mobile platforms provide similar features and are designed with the
ease of use in mind. For users with technical knowledge and abilities, the adaptation process
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between different platforms is relatively painless. The situation from a developer’s point of
view is much different, though. When developing applications to multiple platforms in a
native manner, each platform requires a set of unique development tools and programming
languages to be used. This makes cross-platform application development a lot more
complicated and labor-intensive unless alternative solutions are used. [35]
To alleviate the problem of costs related to developing and maintaining multiple separate code
bases for releases for different platforms, several cross-platform development tools have been
created and released by multitude of different third parties and open source initiatives. Ideally
these multi-platform tools try to provide a solution where an application can be developed
once, and deployed easily to different mobile platforms supported by the tool. While this
sounds like an ideal solution from the developer’s perspective, certain drawbacks exist when
using these tools. New cross-platform development tools do come with a learning curve.
Additionally, as the cross-platform development tools work as an abstraction layer towards the
native functionality of the target platforms, some tools and solutions may have certain
limitations in the toolset they provide. The implications of these limitations need to compared
against the requirements of the application that is being planned to be developed using a
certain cross-platform tool. [35]
Generally speaking, using a cross-platform tool when aiming to release an application for
multiple platforms can be a good idea. The following main benefits of cross-platform tool
usage are well encapsulated in the conference article Comparison of Cross-Platform Mobile
Development Tools [36]:
•

Less skills are required for development. Instead of mastering different native
development languages, only the knowledge of the common cross-platform tool is
required.

•

Less programming work. The application code needs to be written only once using
the language of the cross-platform tool.

•

Shorter development time and reduced maintenance costs, due to the centralized
nature of the cross-platform solution.
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•

Less API knowledge is required. The programmers only need to know the
programming interfaces of the cross-platform tool, instead of the details of the APIs of
each of the target platforms separately.

•

Greater ease of development, in comparison to developing the application separately
for each of the platforms.

•

Greater market share, which will lead to a better return on investment for the
corresponding business model of the application.

3.3.1 Application implementation types
There are several different ways how the cross-platform support with a single codebase can be
achieved. These different approaches can be divided to four different categories based on the
technical details of the implementation. Each of these solutions have their own strengths and
weaknesses. These technical details also impose constraints on the testability of the software.
The main characteristics of these different approaches are explained in the following sections.

A) Web-based approach
Current mobile devices are equipped with modern web browsers that support standard web
development techniques such as Hypertext Markup Language (HTML), Cascading Style
Sheets (CSS) and JavaScript (JS). In this approach, the platform independence of the
application is achieved by running the application in the browser of the device.

Figure 8: Web Application [37] (adapted)
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One benefit of web-based applications is that they do not require the user to install anything on
their device, the application can be accessed by using a Universal Resource Locator (URL) in
the mobile web browser instead. Because the latest version of the application is served through
the web server every time it is accessed, no manual maintenance or updates to the app are
required on the device. [37]
Another benefit of web applications is that the user interface is shared between the platforms
as it is based on standardized HTML and CSS techniques. On the other hand, minor
discrepancies and implementation bugs between different browser vendors and versions is a
well known concern in desktop web browsers – these same issues are present, and need to be
circumvented, in the mobile world as well. Furthermore, the testing of simple web-based
mobile applications is easy in comparison to more involved techniques, as the testing for
applications that do not make use of mobile specific features can be implemented with
renowned web based testing tools such as Selenium [38].
One main downside of this approach is that purely web-based applications cannot be
distributed through mobile application stores. Most users use mainly application stores to
search for new applications and absence of the app might have a negative impact on the
application popularity. This also means that the default monetization options provided by the
platform cannot be utilized. [37]

Also, a web-based app cannot access the device’s features, such as location data or other
sensors, in a native manner – however, the APIs provided by the HTML5 standard try to
alleviate these shortcomings in a platform independent way. By their nature, web-based
applications do not perform as well as native applications. Additionally, adverse network
conditions might heavily affect the usability of a web application. [28][37]

B) Hybrid approach
Hybrid approaches have been developed to overcome the shortcomings of purely web-based
solutions, while reaping the benefits of using well established web development tools and
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practices. In a hybrid application the web application is executed inside a native container on
the device. More specifically, a hybrid application contains a native WebView component that
uses the device’s browser engine to display HTML content. The benefit of this approach is
that both the device’s browser engine and the native capabilities can be utilized. Hybrid
applications can be online solutions that fetch data from a server, or standalone applications
where the web content is packed inside the application package for offline use. [28][37]

Figure 9: Hybrid Application [37] (adapted)

One of the biggest advantages of hybrid applications is that they can be distributed in the
application stores. Additionally, in this approach the platform’s native capabilities can be used
via a JS abstraction layer. Just like in the web-based approach, the user interfaces can be
reused between platforms. However, the one of the disadvantages of a shared web-based UI in
a hybrid application is that it does not match the look and feel of the native operating system,
even though the app is running in a native context. A hybrid application also suffers from the
same performance limitations and compatibility problems as web-based applications do. [37]
As hybrid applications are ran in the device context, and may use device specific features,
purely web-based testing tools can no longer be used for testing purposes for the application.
However, the fact that the user interface is often based on the same HTML markup across the
platforms can make the testing task easier.
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C) Interpreted applications
In the interpreted approach deployed apps are based on a native application that contains the
application code and an interpreter. The native platform features are provided to this
interpreter through an abstraction layer. The interpreter provided by the framework executes
the application source code at runtime on different platforms, thus allowing the application to
be developed in a cross-platform manner. In this solution the application code is written by the
developer in a platform independent way using a single description language. [37]

Figure 10: Interpreted Application [37]

In this solution the application is not dependent on web technologies, thus the developed
application has the look and feel of a native app on that OS. Interpreted applications can also
be distributed through the application store. While the native capabilities are accessible in this
solution, the available feature set is dependent on the framework in question. Additionally,
when using interpreted solutions, the learning curve associated with the adaptation of the
description language that the framework uses for the application code may be needed to take
into account. While interpreted applications are generally faster than web-based or hybrid
solutions, the performance is still limited by the runtime compiler that the framework uses.
[28][37]
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From a testability standpoint, the development of higher order tests for hybrid applications
may prove to be more difficult than for web-based solutions. The resulting application code
and user interface layouts may not be interpreted the same way on different platforms, so that
the test suites may need to readjusted depending on the target platform, thus complicating the
testing process. On the other hand, due to the technical nature of the interpreted cross-platform
frameworks, it is possible to inject tools or testing agents to the interpreted application stack,
that can be used as a cross-platform testing solution. One instance of this kind of usage is the
cross-platform integration test framework Cavy [39] for React Native.

D) Cross-compiled applications
Cross-compiled multi-platform frameworks convert a single application codebase to a native
codebase using a cross compiler. This native codebase can then again be compiled to a native
application using the particular platform’s own compiler. The reliability and efficiency of this
process is solely based on the cross-compiler and the quality of the code it generates. Since the
access to native features and the implementation of user interface layouts has to be done in a
native way with this approach, the automated cross-platform support for these may not exist,
or depends on the framework that is being used. [37]

Figure 11: Cross-Compiled Application [37]
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The main advantage of cross-compiled applications is the native-like performance of the
developed applications. For this reason cross-compilation is often used by game engines like
Unity, that support mobile deployment. The other aforementioned, more flexible, approaches
are often used when developing utility applications. Cross-compiled applications are very
similar to purely native applications, and the approach provides limited help from the
testability standpoint.
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4

CROSS-PLATFORM TEST AUTOMATION TOOLS FOR MOBILE

While the cross-platform development tools provide simplified solutions for application
development, they often do not try to provide solutions to the question on how high level
testing could be done to the applications in similar cross-platform manner. To conduct this
kind of automated testing in platform independent manner, another set of tools is needed.
Instrumented cross-platform test automation tools either provide an abstraction layer above the
platform’s native test tools, or are based on an extra agent that must be built into the
application so that the test tools can interact with the applications in a uniform way.
Depending on their design these testing tools are able to support web-based, hybrid or native
applications – or some tools all of them. Most of the test tools support both emulation and
device based testing. The tests for each tool can be written by either some specific scripting or
programming language, while others can have a multitude of supported options. Additionally,
some of the tools are free open-source solutions, while others may require a paid license. [27]
[40]
This chapter focuses on reviewing the current state of available cross-platform mobile testing
tools with automation support. Additionally, an evaluation criteria for the testing tool that
supports the development and testing needs at OCTO3 Ltd. is described. This criteria and the
gathered information regarding the available test tools is used to select a suitable solution for
the practical part of this work.

4.1 Current state of testing tools
There are multiple open source projects and commercial solutions that try to solve the problem
of higher level automated testing on mobile. However, the mobile landscape is constantly
evolving, and the tools that are not being actively developed may not be longer relevant. The
following sections go through the findings related to the current state of these testing tools.
Also, the difficulties related to the task of choosing the right testing tool for the job, even
when the assortment of available tools is known, are further analyzed in section 4.2.2.
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4.1.1 Compilation of identified mobile testing tools
A survey to the available testing tools was done by conducting searches to several academic
libraries using multiple keywords related to the subject of mobile testing. For the initial
analysis, the required criteria for the mentioned tools to be identified was that the tool supports
both Android and iOS operating systems, is aimed for automating higher level testing via user
interface interaction, and has support for testing native, non web-based applications. The
survey was conducted by using the search engines provided by ACM Digital Library [41],
Elsevier ScienceDirect [42], IEEE Xplore [43] and Google Scholar [44], by using the
keywords: “mobile application testing”, “cross-platform mobile testing” and “mobile test
automation”. Sources that mention testing tools that fulfill the aforementioned criteria, and
were found in the results of these searches, are listed in Table 1.

Source

Referenced relevant cross-platform UI testing tools

A systematic mapping study of mobile
application testing techniques [45]

Calabash

Automating UI Tests for Mobile Applications
with Formal Gesture Descriptions [46]

Calabash

Effectiveness of Multi-device Testing Mobile
Applications [47]

AppACTS, CTOMS, Keynote Mobile Testing, Perfecto
Mobile, Silk Test Mobile

Meeting Quality Standards for Mobile
Application Development in Businesses: A
Framework for Cross-Platform Testing [48]

Mobilette

Mobile Application Testing Matrix and
Challenges [49]

EggPlant, Experitest SeeTest, Keynote Mobile Testing,
MonkeyTalk, Perfecto Mobile

Mobile Application Testing: A Tutorial [27]

Appium, Calabash, Eggplant, Experitest SeeTest, HPE
Unified Functional Testing, MonkeyTalk, Sikuli

Robotic Testing of Mobile Apps for Truly
Black-Box Automation [50]

Appium

Software Testing Automation using Appium
[40]

Appium

Table 1: Identified cross-platform testing tools from academic sources
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Finding academic sources with references to tools with the given criteria proved to be
difficult. Many of the academic sources in this area tended to focus on a single subsection
related to the problem of testing mobile applications, instead of trying to provide solutions to
the task of doing pervasive mobile testing in cross-platform manner. While these kinds of
solutions are intriguing on their own, they are less interesting in a commercial setting when
trying to do testing in cost-effective manner per the premises of this work. Additionally, many
of the investigated papers were solely focused on Android and disregarded testing on iOS.
Also, it was noticed that many of the examined articles contained outdated knowledge.
To overcome the limitations of the results from the investigation based on academic sources,
an additional search from other non-scholarly sources was done as well. For insights in more
recently published tools, a similar search was done using the Google search engine. The
technical articles, blog entries and other posts that were examined are listed in Table 2. A
further analysis of the tools listed in this section are done in chapters 4.1.2 and 4.1.3.
Article/Post

Referenced relevant cross-platform UI testing tools

10 Best Android & iOS Automation App
Testing Tools [51]

Appium, Applitools, Eggplant, HPE Unified Functional
Testing, Ranorex, SmartBear TestComplete, TestArchitect,
Tricentis Tosca

15 Cross Platform Testing Tools [52]

Appium, Calabash, Eggplant, Ranorex, Xamarin UITest

5 Awesome Mobile Application Testing Tools
& Platforms for Testers [53]

Appium, Experitest SeeTest, Perfecto Mobile, SmartBear
TestComplete

How to Apply UI Test Automation in React
Native Apps? [54]

Appium, Cavy, Detox

Mobile Automation Testing 101 – Tools,
Frameworks and Cloud-Based Solutions [55]

Appium, Calabash

Mobile Testing Tools [56]

Appium, Detox

Top 10 Mobile Testing Tools In 2018 for
Android & iOS [57]

Appium, Calabash, Experitest SeeTest, Froglogic Squish,
Kobiton, MonkeyTalk

Table 2: Identified cross-platform testing tools from miscellaneous internet sources
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4.1.2 Feature comparison for identified tools
The tools identified in section 4.1.1 were investigated more closely. The identified tools and
their key aspects found from the project’s page and documentation are shown in a tabulated
form in Table 3. In this table, tools that were deemed to be clearly discontinued are marked
with with a red marker and left outside of the remaining observations of this work. Tools
specifically created for research use without practical use outside of their original function are
marked with an orange highlight. Additionally, commercial frameworks, that are actually
wrappers for other identified stand-alone tools, are marked with a purple tag in this table.

Tool name

Real
device
support

Simulator Last release / License / Cost
support
Last updated
on

Other notes

-

-

Not released

-

A hypothetical cross-platform
testing solution

Yes

Yes

June 2018

Open source /
Free

WebDriver based crossplatform testing tool.
No test agent injection / app
recompilation required.
Multiple language bindings.

-

-

Unknown

Proprietary /
TaaS-framework with Appium,
Starting at $299 / Calabash & other platform
month
specific testing tool support

Calabash [61]

Yes

Yes

May 2018

Open source /
Free

Open source but developed &
maintained by Xamarin.
Official support from Xamarin
will be dropped after iOS 11
and Android 8 OS versions.

Cavy [39]

Yes

Yes

April 2018

Open source /
Free

Test agent / testing tool for
React Native that requires code
integration.

-

-

Not released

-

A hypothetical cross-platform
TaaS solution

Detox [63]

Android
Only

Yes

June 2018

Open source /
Free

A test tool for React Native
applications. In development
state.

EggPlant [64]

Yes

Yes

May 2018

Proprietary /
Pricing upon
request

Custom cross-platform testing
solution for desktop, mobile &
other devices.

AppACTS [58]
Appium [59]

Applitools [60]

CTOMS [62]

Table 3: Feature comparison of identified tools in June 2018

40

Tool name

Real
device
support

Simulator Last release / License / Cost
support
Last updated
on

Other notes

Experitest SeeTest
[65]

Yes

Yes

Recent / exact Proprietary /
date unknown Appium Studio
Community
Edition is free.
Pricing for other
solutions upon
request

Custom cross-platform testing
solution via SeeTest.

Yes

Unknown

Proprietary /
Pricing upon
request

Custom solution that seems to
be mainly aimed for desktop
testing, but offers support for
Android and iOS as well.

Unknown

Unknown /
Support until
Feb 2021

Proprietary /
Custom cross-platform testing
$800 / 3 months / solution. Seems to be mainly
seat
aimed for desktop testing, but a
subset of features available on
mobile as well.

Froglogic Squish
[66]

Yes

HPE Unified
Yes
Functional Testing
[67]

Experitest also offers Appium
Studio IDE for graphical
Appium test case development.

Kobiton [68]

-

-

Unknown

Proprietary /
TaaS-framework with Appium
Starting from $10 support.
/ month

Mobilette [48]

-

-

Not released

-

Perfecto Mobile
[69]

-

-

Unknown

Proprietary /
TaaS-framework & CI/CD tool
Starting at $299 / with support for multiple
month for test
testing tools.
automation

Yes

Yes

June 2018

Proprietary /
Starting at
€2,290 / year

Custom cross-platform testing
solution

Silk Test Mobile Yes
[71]

Yes

June 2018

Proprietary /
Pricing upon
request

Custom Appium based testing
solution / IDE. Same vendor as
with the HPE Unified
Functional Testing tool.

SmartBear
Yes
TestComplete [72]

Yes

April 2018

Proprietary /
Starting at
€2,458 / single
mobile license

Custom cross-platform testing
solution

Ranorex [70]

Table 3: Feature comparison of identified tools in June 2018 (continued)
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A hypothetical cross-platform
testing solution

Tool name

Real
device
support

Simulator Last release / License / Cost
support
Last updated
on

Other notes

TestArchitect
[73]

Yes

Yes

May 2018

Proprietary /
Pricing upon
request

Custom Appium based testing
solution / IDE & test platform

Tricentis Tosca
[74]

Yes

Yes

June 2018

Proprietary /
Pricing upon
request

Custom Appium based testing
solution / IDE & test platform

Yes

Yes

June 2018

Open source /
Test agent / testing tool with
Free / depends on integration for Xamarin
Xamarin license applications

-

-

Discontinued

-

Acquired by Dynatrace.
Currently provided solutions
seem to focus on app analytics,
not on testing tools that support
app development.

MonkeyTalk [77] -

-

Discontinued

-

Acquired by Oracle in August
of 2015. Test solution no
longer available.

Discontinued

Open source /
Free

Image recognition / automation
library. Discontinued, followed
by SikuliX project.

Xamarin UITest
[75]

Keynote Mobile
Testing [76]

Sikuli [78]

Unknown Unknown

Table 3: Feature comparison of identified tools in June 2018 (continued)

4.1.3 Comparison of utilization and relevancy
As an additional step of investigation, the real world utilization of the identified tools was
studied. However, there is no easy way of estimating the exact amount of users for any given
tool. To overcome this issue, the popularity of the tools was compared by using the amount of
search result hits on a well-known online community for programmers called Stack Overflow
[79]. While this does not give us conclusive data about the usage of the tools, this method
allows us to estimate the popularity of these tools and to compare them to each other. A
similar method for analyzing popularity of tools has been previously used in the thesis
Comparison of GUI testing tools for Android applications [80].
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As a first step of the investigation, for every stand-alone tool listed in Table 3, a matching
search tag at Stack Overflow was established. The way that Stack Overflow works is that the
users can post questions related to different programming languages and tools. These
questions can be then tagged to be related to a certain technology, so that they can be found
more easily. Table 4 contains the search tags associated with the tools that have been listed
earlier. For some of the less popular tools no matching keyword was found in Stack Overflow.
These tools will be left out from the rest of this analysis.

Tool

Tag / Keyword

Appium

appium

Applitools

appli-tools

Calabash

calabash

Cavy

(Tag not found)

Detox

detox

EggPlant

eggplant

Experitest SeeTest
Froglogic Squish
HPE Unified Functional Testing

(Tag not found)
squish
(Tag not found)

Ranorex

ranorex

SmartBear TestComplete

testcomplete

Xamarin UITest

xamarin.uitest

Table 4: Testing tools and their matching technology keywords in Stack Overflow

These keywords were then used in StackExchange Data Explorer [81], which allows custom
SQL (Structured Query Language) based queries to be made against the public data provided
by the Stack Exchange network. The frequency of unique posts related to each of these tags
was queried for the last three years. The results of these queries can be seen in Table 5. The
SQL query used to fetch this data is shown in illustration 12, where the ‘##variable##’
notation is used to supply custom parameters from the web-based search engine.
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Figure 12: SQL-query for StackExchange Data Explorer

Tool

Results in 2016 or before Results in 2017 or before Results in 2018 or before

Appium

2 514

3 650

4 554

Applitools

1

5

7

Calabash

526

578

592

Detox

0

28

147

EggPlant

24

26

35

Froglogic Squish

79

93

109

Ranorex

119

139

154

SmartBear TestComplete

319

369

405

Xamarin UITest

44

108

148

Table 5: Frequency of Stack Overflow posts containing tags associated with certain testing tools in August 2018
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4.2 Tool analysis and selection criteria
In chapter 4.1 the selection of available tools was analyzed in an analytic fashion. This chapter
aims to interpret the results of the previous chapter in a more business-oriented way,
emulating the reasoning that would be used when considering these tools for actual
commercial use. Additionally, the criteria which should be used to select most suitable testing
tools for the purposes of OCTO3 Ltd. and other similar SMEs are contemplated in this
chapter.

4.2.1 Analysis of observed tools & interpretation of findings
The initial investigation provided us with a long-list consisting of multiple testing tools.
However, some of these tools no longer exist, or were theoretical experiments that have never
been released to the public to begin with. The initial list also contained multiple items that, on
closer investigation, turned out to be Testing as a Service frameworks, that only provide
integration with other stand-alone tools. Furthermore, the real world utilization aspect of the
remaining tools was examined. In this investigation it was noticed, that some of the tools have
a very small online presence, which may be an indication that they are not widely used. With
these tools discarded outside of the review, we are left with a short-list of nine tools as shown
in Table 5.
In this study, we were most interested in the available open source tools for mobile application
testing. Some of these identified open source tools are specialized solutions to be used in
unison with certain development frameworks (Cavy, Detox, Xamarin). While these tools can
be very useful when working with applications designed with the intended development
framework, they offer limited or no use when testing apps that are constructed with other
solutions. This limits the usability of these tools outside their specific purpose, and makes
them less ideal solutions when looking for a testing tool that can be adapted for general use.
Additionally, some of these solutions (Cavy, Detox) still seemed to be in relatively early
development state in comparison to other tools. However, from these two, Detox has seemed
to pick up momentum really fast recently based on the Stack Overflow results.
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The remaining open source testing tools, Appium and Calabash, seem to be more widely
adopted. From these two, looks as if Appium is the more popular option, and it is supported by
many of the identified TaaS platforms as well. Additionally, the recent announcement from
Microsoft / Xamarin to discontinue the development of Calabash seems disheartening when
considering continuity of the tool, albeit there is the possibility that the open source
community picks up the project [82].
Proprietary solutions, while not the original subjects of this study, were included in the results
as well for the sake of comprehensiveness. The selection of proprietary tools did not seem to
have a clear market leader. Based on the search results, SmartBear TestComplete seemed to be
the most popular option. However, it must be noted that, in addition to mobile, many of these
commercial products offer testing solutions for desktop and web as well. This is something
that is not taken into account when comparing the popularity of the tools, as on the other hand,
some of them are purely aimed for mobile use. Also, most of these commercial tools are
priced so that the costs are not insignificant for companies at SME scale, especially when
some of the tools only offer annual pricing strategies. Even though many of these tools also
offer free trial periods, it can be hard to rationalize the act of choosing a single tool and
constraining oneself to use it for longer periods of time without previous knowledge of the
tool. The utilization of closed source solutions also adds risk to the project, as the tool vendor
can cease from providing proper support for the product at some point in time.
Sites like Stack Overflow are nowadays used frequently to solve development related
problems instead of resorting to the help of documentation or programming books. A lack of
discussion in Stack Overflow, as seem with some of the tools, signals that either the tool in
question is not widely used, or that the usage of the tool requires very specialized knowledge
not available on the internet. When these aspects are considered together with the proprietary
and somewhat costly nature of some of these tools, using them is a big risk for a smaller
businesses, and it is hard to reason why they should be chosen over their more well known
counterparts.
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4.2.2 Criteria for tool selection
The book Software Test Automation: Effective use of test execution tools [22] delves into the
difficulties involved when choosing a tool to automate testing. This tool selection process is
depicted in Figure 13. While this book approaches the selection process from a very formal
point of view, where the selection process is seen as a larger internal project, at least some the
following presented notions are valid in smaller, more experimental, tool selection processes
as well [22, p. 248-264]:
•

Testing tools are not silver bullets. It is important to identify the requirements for the
tool, and the problems that the tool will solve in the organization it will be used in. A
badly selected tool can lead to technical problems later on, if the capabilities of the tool
do not match the needs.

•

Tool selection process is a team effort. Even if the selected tool is technically viable,
it must be chosen in such a way that the key people can stand behind the decision. If
some people in the team feel like they did not have a say in the tool selection process,
they may be reluctant to use the “wrong” tool. Additionally, different people with
different roles inside the company should be involved in the selection process, so that
their different needs can be properly represented.

•

Test automation should be implemented at the right time. Automated testing
solution will not correct a poor testing process. Improvement requires conscious effort
and support from the management. If these are not available, or if the organization is
otherwise in a state of chaos, it may not be a good time to start a test automation
initiative. Ideally, there should be a clear business case for implementing automated
testing as well. If expected savings of automation do not overcome the costs of manual
testing, it may not make sense to implement automation in that point in time.

•

Constraints related to the supplier of the tool should be considered. Is the company
and the product mature enough for commercial use? Are other developers using this
tool as well? Does the tool have good reputation and history? Does the supplier
provide technical support?

•

Cost constraints. This includes the price of the tool, whether one-off, or annual. The
scaling of the costs should be considered, are they per seat or per computer. Is
additional training required from the tool vendor? Are there additional support costs?
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Additionally, the internal costs associated with the usage of the tool inside the
organization should be considered in the long term.
•

Quality constraints. Does the provider of the tool provide documentation that is up to
date? How difficult the tool is to use, what programming languages it supports or are
required to use it? Can the tool be easily integrated with other tools such as continuous
integration systems and other project management tools?

Figure 13: Tool selection process [22, p. 248]

A list of identified requirements for the testing tool for the purposes of this thesis are shown in
Table 6. It should be mentioned, that this work is more experimental in nature and focuses on
more essential functional requirements. One of the main interests of this work is that can the
automated regression tests be executed by the tool in a cross-platform manner? When
choosing a tool for long term use in a business-oriented context, the other non-functional
requirements may have a bigger role as selection criteria. These non-functional features, like
the ability to generate extensive test reports, or graphical interfaces that support the testing
tasks, are something that are probably more well covered by the commercial tools bound
outside the scope of this study.
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Essential features
•
•
•
•
•

Cross-platform support for both Android and iOS
Automated regression tests can be ran by using the same tool on both platforms
Supports testing of applications developed using native technologies
Free / open-source solution
Tool supplied by a reliable provider

Preferred features
•
•
•
•

Integration support to other testing and project management tools
Test report creation
Record & playback support
GUI for test creation (object recognition / object mapping)

Optional features
•
•
•

Many supported programming languages
Support for web-application testing
...

Table 6: A list of identified requirements for the testing tool

One of the most important aspects for the chosen tool is the continuity of the support provided
for the tool. Once a tool is taken into active use, the amount of work put into creating test
cases and other solutions that support the test tool, such as additional scripts and reporting
solutions, will keep increasing over time as shown in Figure 13. If the ongoing support for a
tool is stopped abruptly, this will lead to massive problems within the organizations using the
tool. For this reason, both the less mature open-source solutions, and the smaller proprietary
solutions, with more uncertain future plans, seem like risky options to adapt into daily use.
When considering open source solutions, the promise of community based support, or in the
worst case, the ability to fix the problems in the tool yourself, can be seen as a major
advantage. However, it seems that the available selection of suitable open source tools with
multi-platform support is limited at this point in time. The most suitable and well recognized
testing tool seems to be Appium. Based on this reasoning and the determined criteria, from
these testing tools, Appium is selected as the best candidate for further investigation in the
practical part of this work.
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5

INTRODUCTION TO THE PRACTICAL WORK

This chapter gives a short introduction to the application that is being tested, and the crossplatform development solution that has been used to develop it. Additionally, the technical
specifications of the testing tool Appium, which was chosen as the tool to be further evaluated
based on the analysis in chapter 4, are examined.

5.1 Tech overview: React Native
React Native [5] is a multi-platform development tool for mobile applications created by
Facebook. Applications created by using React Native can be deployed to Android and iOS
from a single codebase. The idea behind React Native is that the similar technologies that can
be used to build web applications in React, can be used to develop mobile applications in
React Native. Where native application development normally requires knowledge of platform
specific programming languages, such as Java, Kotlin, Swift, or Objective-C, React Native
applications are developed with JavaScript, JavaScript XML (JSX) and CSS-like notation for
styling. This is very similar to the fashion in which web applications are developed using plain
React. Still, it should be noted, that applications developed by React Native are not web or
hybrid apps. Instead, React Native is based on a JavaScript runtime engine that interprets the
application code, and JSX-components that are compiled to native layouts for each platform
[83]. React Native was chosen as the cross-platform development solution for both its
worldwide popularity, and because it has been previously successfully used in multiple
projects at OCTO3 Ltd.

5.2 Tech overview: Appium
Appium is an open source test tool designed to automate native, hybrid and web applications
on Android, iOS and Windows desktop platforms. Appium is developed with cross-platform
testing in mind, as tests for all of the supported platforms can be written using the same API.
Additionally, one of the main philosophies of Appium is that the tested application does not
have to be recompiled or modified with testing agents in order to automate it. [84]
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Technically speaking, Appium is a web-server built with Node.js that works as a mediator
between a test client and vendor specific testing frameworks for mobile applications. In other
words, Appium wraps multiple different test frameworks, that are only suitable for specific
platforms and operating system versions, under a single API. The API used by Appium is an
extended version of the Selenium WebDriver [85] API, that has been previously widely used
in web browser automation. This API specifies a custom client-server protocol called JSON
Wire Protocol [86], which contains additional methods that can be used in mobile automation.
This architecture used by Appium is further illustrated in Figure 14. [84]

Figure 14: Basic architecture of Appium testing

Appium is based on a client-server architecture using the Hypertext Transfer Protocol (HTTP).
The Appium server listens for incoming connections from clients, executes the commands on
mobile devices, and returns a response based on the results from the target device. Since this
system is based on HTTP communication, there are no specific limitations for the
programming language that the test client and code should use. However, there are ready made
client libraries for many programming languages that make the testing task easier.
Additionally, due to the client-server architecture, the tests can be run from a remote machine,
thus making the usage of device cloud infrastructures possible. [84]
Another part of the Appium project is the Appium Desktop tool. This tool is a graphical user
interface for the Appium server, which makes it easier to start, stop and monitor the server
process. Appium Desktop also has an inspector feature, which allows the user to visually
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inspect the application’s elements and their hierarchy, perform basic commands, and record
sequences of actions that can be automatically converted to test code for the client. [84]

5.3 Demo project overview
A part of this thesis, a demo application was created using React Native. This application was
specifically created for the purposes of this thesis, so that the implementation details could be
chosen freely and disclosed without additional concerns.
The general idea of the developed application is to work as a time tracking management tool
for projects and tasks on mobile. To limit the amount of required work, the structure of the
application was kept relatively simple. The designed application consists of mainly 5 different
screens:
•

Login / registration screen

•

Main menu

•

Calendar view

•

Entry list view

•

User settings

These screens and their layouts are demonstrated in Figure 15. The standard workflow of the
application is that the user logs into the app, chooses a date from a calendar view, and creates
an entry with hours spent on a chosen task type. After this, the user gets a visual indication of
the entry on the calendar view, and the application calculates the totals for time spent working,
the weekly goal, and flex hours. These screenshots also show some additional features that
were initially planned, such as the ability to track the time spent actively during a task with a
timer, which, however, were not implemented to the version used in the testing tasks.
For the purposes of this demo, the application is linked to an ad-hoc Google Firebase API /
database, and it uses fictionary user accounts and hardcoded categories for different task types.
In theory, there is no technical reason why the application could not be expanded upon and
integrated to a real human resource management system, though.
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Figure 15: Screenshots from demo application on an Android emulator
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6

IMPLEMENTATION DETAILS & FINDINGS

This chapter explains the detailed findings related to building the demo application, and the
challenges that were faced when making it testable for multiple platforms. Additionally, a set
of tests for the demo application were built, so that the capabilities of Appium could be
analyzed further. The design, and implementation findings and results of these tests are also
described in this chapter.

6.1 Challenges and findings related to the development of the demo application
The fact that React Native is an open source project under constant development, and not as
stable and mature environment as the native languages used to develop applications for
mobile, was manifested when starting the development work for the demo application.
Surprisingly, the most recent release of React Native at the time, version 0.56, was not
compatible with the Windows operating system. According to the issue tracking system in the
React Native project page in GitHub, this was a known problem with the 0.56 release [87].
Since the majority of the development was done using a Windows machine, as a solution, the
React Native version used in the project was rolled back to version 0.55, where these problems
were not present.
The cross-platform testability of an application imposes additional requirements to its design
that need to be taken into account. Simple native components, such as buttons, are very
similar, and are rendered in the same fashion on Android and iOS. This is not true for more
complex components, such as selection lists, time and date choosers, and the like. An example
of the rendering differences for a default date picker for these platforms can be seen in Figure
16. When the layout and structure of the components differs between the platforms, it is not
easy to write universal test cases for UI automation that can be shared between the platforms.
To overcome this issue, and to ensure the uniformity of certain components between the
platforms, in most cases, custom implementations of standard components need to be used
instead.
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Figure 16: Differences between default Android and iOS date picker components

Custom components are widely available in the React Native ecosystem, as many developers
have developed their own solutions for common problems. These components can be
downloaded from a global software registry by using npm [88], the Node.js package manager,
and added as an external dependency to the project. Naturally, using additional external
dependencies in a project can bring more problems and risks, but often the upsides of the
ability to use ready-made components outweigh the time spent on developing and testing these
kind of features on your own. Some examples of these kinds of extensions used in the demo
application are:
•

react-native-calendar-picker, which is used to render a calendar view in a platform
independent manner [89].
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•

react-native-router-flux, which is used to implement the navigation between screens
more easily in the React Native application [90].

•

redux, which is used for more consistent data and state management in the JavaScript
code [91].

Another consideration regarding the ability to test the application in cross-platform manner,
that needs to be made at the time of development, is the addition of unique identifiers for each
of the user interface elements that are interacted within the test cases. The purpose of these
unique identifiers is to make it easier to write test scripts that are less prone to fail if changes
application are made later on. Namely, when using specific element identifiers in test cases,
there is no need to resort to element locator strategies such as ”click on the 4th button on the
screen” or ”click on the button which says ’Add entry’”.

While viable, these kind of

strategies are prone to break when changes to the user interface layout are made, or when the
wording or language used in the UI is changed. Additionally, it should be noted that there are
no guarantees, especially for more complex UI layouts, that the hierarchy of the generated
native layouts are similar between the Android and iOS versions of the application, thus
making it hard to write universal locator patterns without using additional test identifiers.
React Native allows the injection of these kind of unique identifiers for most of the user
interface elements by using the testID JSX property [92].

6.2 Test cases
To test the capabilities of Appium, two sets of tests were made. The first set of these tests
evaluates whether Appium has the basic ability to perform functional tests that interact with
the mobile applications. The second set of tests assesses the capabilites that the test tool offers
for device level interaction. These features allow the adjustment of factors outside of the
application scope, such as changes in the network connectivity that can be used to write more
complex tests.
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6.2.1 Basic functional test cases
A simple test suite that covers the basic functions of the demo application was designed. The
descriptions of these tests are listed in Table 7. Additionally, all of the test cases were
designed so that they can be run individually, and that there is no preconception of the initial
application state. To put it more precisely, each of the tests were designed so that they relaunch the demo application and authenticate with the test user account’s credentials, before
any additional test specific steps are made. For larger and more advanced test suites a
structured hierarchy, where the authentication step is only executed once as a prerequisite for
the other tests, may be preferred.

Test identifier

FT1

Test description

Create a work entry

Preconditions

The user is logged in

Test steps

1.
2.
3.
4.
5.

Open up the calendar view
Choose the 10th day of the current month
Record the amount of hours worked this day
Create an entry for 5.0 hours of normal work
Record the amount of hours worked after the addition of the new entry

Expected result

The work entry is created for the chosen date successfully.
The calculated total hours for the chosen date are increased by 5.0 hours.

Test identifier

FT2

Test description

Remove a work entry

Preconditions

The user is logged in
A work entry exists / FT1 has been executed successfully

Test steps

Expected result

1.
2.
3.
4.
5.
6.

Open up the calendar view
Choose the 10th day of the current month
Record the amount of hours worked this day
Open the list of work entries for this day
Remove the latest entry that has been made for the chosen date
Record the amount of hours worked after the removal of the new entry

The work entry is removed from the chosen date successfully.
The calculated total hours for the chosen date are decreased by the length of the removed
entry.

Table 7: Functional tests for demo application
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Test identifier

FT3

Test description

Show application details

Preconditions

The user is logged in

Test steps

1.
2.

Open up the application details screen
Check that the application version is shown in the about screen

Expected result

The about screen can be opened, and the current application version is shown

Test identifier

FT4

Test description

Adjust account settings

Preconditions

The user is logged in

Test steps

Expected result

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Open up the settings view
Change full name to “Test Person”
Change weekly hour target to 25.00
Change offset for flex hour calculation to 10.00
Save settings
Check that the adjustments are shown in the main screen correctly
Open up the settings view again
Change full name back to “Brian Kottarainen”
Change weekly hour target to 37.50
Chance offset for flex hour calculation to 0.00
Save settings
Check that the adjustments are shown in the main screen correctly

The changes to the user’s name are stored and shown in the main screen successfully
The changes to the workhour calculations are stored and shown in the main screen
successfully

Table 7: Functional tests for demo application (continued)
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6.2.2 Test cases with device level interaction
An additional test suite, that tests more advanced interaction with the test device, was
implemented. This test suite is aimed more towards testing the capabilities of Appium, than
the functionality of the application, at least in the case of this demo application. It is important
that these kinds of features can be simulated and tested with the tool, though. Applications that
are more complex may react to events, such as the loss of network connectivity, in a more
comprehensive manner. It would be ideal if these kinds of interactions could be automated and
tested with the tool more thoroughly. The descriptions for the test cases with device level
interaction for the demo application are shown in Table 8 on the next page.
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Test identifier

DT1

Test description

Rotate device while application is in use

Preconditions

The user is not logged in. The login screen is shown. Device is in portrait orientation.

Test steps

1.
2.
3.
4.
5.

Enter login credentials
Rotate device to landscape orientation
Check that login fields contain the data that had been previously input
Press login button
Check that the application main screen is shown

Expected result

Login fields should retain their data even when device orientation is changed.
Login should work normally after device orientation is changed.

Test identifier

DT2

Test description

No network connectivity when logging in

Preconditions

The user is not logged in. The login screen is shown

Test steps

1.
2.
3.
4.

Enter login credentials
Disable network connectivity from device
Press login button
Error indicating that login is not possible due to lack of network connectivity
should be shown

Expected result

Login does not work when no network is available. An error message that describes that
this is due to the lack of network connectivity is shown.

Test identifier

DT3

Test description

Suspend application to background and resume it

Preconditions

The user is not logged in. The login screen is shown

Test steps

Expected result

1.
2.
3.
4.
5.
6.

Enter login credentials
Suspend application to the background
Resume application
Check that login fields contain the data that had been previously input
Press login button
Check that the application main screen is shown

Login fields should retain their data even when application is suspended and resumed.
Login should work normally after the application is resumed.

Table 8: Test cases with device interaction
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6.3 Test implementation details
The test cases were implemented in two stages. In the first stage the tests were developed and
debugged using an Android emulator. Once working solutions were created on Android, the
same test suites were later tested against an iOS simulator. A Mac OS based computer was
used, as one is required for iOS testing. This is due to the fact, that the development tools for
iOS are not available for Windows. The differences between these test platforms are shown in
Table 9.

Test environment
Android emulator
Host environment

iOS simulator
MacOS High Sierra 10.13.6

Emulator device
type

Nexus 5X

iPhone 6

Mobile OS

Android Oreo (8.1) / API level 27

iOS 11.4

React Native
version

0.55.4

Appium version
Platform specific
test driver

Appium 1.9.0 / Appium Desktop 1.7.0
UiAutomator2

XCUITest

Table 9: Test environment details

As explained in chapter 5.2, there are ready-made implementations of the Appium client for
many different programming languages. As the demo app was written using JavaScript, it was
only logical to implement the test cases using the JavaScript language, where the ecosystem
and the coding conventions are the same. Also, by using the same language, the same
programming development enviroment could be used for the test cases. The complete
framework for the purposes of this work, so that the Appium tests could be run in the
JavaScript/Node.js environment in a structured way, consisted of the following components:
•

WebdriverIO, which was used for the Appium server connection, configuration
management and general test utilities [93].
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•

Mocha, which is a framework that provides additional testing functions, and structured
execution of the test cases [94].

•

Chai, which is an assertion library, that allows more readable and expressive test
declarations [95].

Separate configuration files for WebdriverIO were created for both of the platforms. These
configuration files contained the preferred device capabilities for the test run, and a reference
to the test app file location wihtin the project folder. Additionally, these files contained a
reference to the Appium settings, which assumed that an instance of Appium server is running
at localhost on the default port of 4723. Custom npm run scripts were added to the application
project file for both of these configurations, which provided a shorthand for quick execution of
these tests from the command line, in a similar fashion that the React Native application itself
can be ran. The test runs were launched manually every time when major changes to the
application or the tests were done. Finally, the results of these tests were examined, based on
the basic reporting capabilities provided from Mocha by default.

6.4 Findings
This section explains the findings related to the creation of the test cases, problems that were
faced during when creating and running the tests, and gives an overview on how the tests did
succeed in general. All of these separate viewpoints are explained in the following
subchapters.

6.4.1 Development and test case creation concerns
The two test suites that implement the test cases, as explained previously in chapter 6.2, were
initially written and tested against an Android build of the demo application. The first problem
that was encountered, when running the tests against the Android build, was that the testID
property from React Native translates to a tag attribute in the Android view hierarcy, which
cannot be accessed due to limitations in Appium’s current standard UiAutomator2 driver [96].
Appium has an experimental support for newer Espresso driver for Android, which is
supposed to solve this problem. However, the support for this is only in Appium’s beta
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version, which is not intended for production use, and requires oneself to build and run
Appium from its source [97].
To overcome this issue with the limitations of the UiAutomator2 driver, and its support for
React Native’s testID tags, a workaround was used instead. This workaround is placed in the
React Native application code, which places the given testIDs in testable elements’
accessibilityLabel property instead. This value can be accessed in the test cases with
UiAutomator2 without problems, but its usage for testing purposes is not ideal. This
accessibility label is originally meant for applications that are designed with attention to the
ease of use for impaired users. When used properly, the accessibility label can be used, for
example, to enable text-to-speech support. However, an utility function can be written that
places the necessary accesibilityLabel only when a debug version of the application is built,
thus removing the impact of this workaround in the release versions of the app.
The most difficult culprits in platform independent test case creation were faced in the
profound differences between the element locator paths on different platforms. While some
elements can be made easily recognizable by tagging them with testing identifiers that are put
in place when developing the application, in many cases this is not possible or convenient to
do so. For these cases, more versatile locator patterns, such as the XML Path Language
(XPath), can be used. Other means, such as element class name based locators also exist, but
they are not really cross-platform in nature. XPath locators are generally slower, and often
considered as bad practice due to the fact that they can easily lead to brittle locator patterns
that break when new changes to the application are made. Nevertheless, when used with
caution, they can be a useful tool when trying to create cross-platform capable locator patterns.
However, as shown in Table 10, there are dissimilarities in the element attributes, often used
as a part of the XPath locators, that the different testing drivers provide. These differences can
be circumvented by creating utility functions that select the platform specific parameters, or by
choosing multiple attributes by using conditional logic in the XPath locator patterns, as seen in
the code snippet in Figure 17. Both of these ways add additional complexity and maintenance
requirements. Also, both of these solutions will cause problems if the specifications of the
used test drivers change in some point in the future. It is also worth mentioning, that the iOS
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test driver, XCUITest, does not have native support for XPath based searches, but rather this is
a capability provided by Appium [98]. Due to this fact, Appium test cases that utilize XPath
locators can be potentially many times slower than tests that only use the native locator
strategies [98].
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TextView’s exposed element attributes
Android

iOS

Driver

UiAutomator2

Driver

XCUITest

Attribute

Value

Attribute

Value

index

39

type

XCUIElementTypeStaticText

text

0.00 hours logged

value

0.00 hours logged

class

android.widget.TextView

name

text_selected_date_hours

package

com.koodiboksi.timelogger

label

0.00 hours logged

content-desc

text_selected_date_hours

enabled

true

checkable

false

visible

true

checked

false

x

109

clickable

false

y

370

enabled

true

width

157

focusable

false

height

25

focused

false

scrollable

false

long-clickable

false

password

false

selected

false

bounds

[205,776][516,823]

resource-id

“”

instance

40

Table 10: Differences in element attributes on different mobile operating systems, as seen by the test drivers via
Appium

Figure 17: XPath locator which works for both Android and iOS

XPath based locator patterns were utilized in the demo application in certain places, where
other kinds of locator patterns would have been harder to utilize. One example of this is in the
functional test FC4. In this test case, when the user settings are changed, and the presense of
the new user settings, including the user’s new name, are verified from the main screen. By
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using XPath, this search can be done by using a text value instead of using locators based on
further details of the UI layout hierarcy. This is possible in this test case because we can
assume that the user’s name should be shown somewhere in the main screen, that is, unless the
design of this view will be at some point in the future radically changed. By using a XPath
locator that does a search with the user’s name, we can write a test case without the need to
modify the source code of the application for testing needs. Also, since the custom calendard
component, that the demo application utilizes, doesn’t come with test identifiers, a XPath
based locator was used to make it easily testable in a cross-platform way. In this solution, a
XPath locator was used to recognize the calendar’s date buttons based on the numbers they
contained. While this kind of solution is very simple and prone to failure when other elements
with numeric text are introduced in the view, it manages to solve the problem at hand. The
other possible options would have included either analysis of the complex structure of the
calendar component, or positional approximation of the object in relation to the location of
other known elements on the screen. Both of which are, arguably, more intricate solutions than
the one based on the XPath locator.
The cases where the normal, OS specific way, of interaction differ, are especially problematic.
One example of this can be seen in Figure 18; on Android the default way of picking things
from a list is to show a dropdown menu, which then opens up a modal view where you can
make your selection. On iOS, all of the options are shown in a scrollable picker view instead.
In this picker view you can scroll the selection wheel up and down to make your pick. These
interactions are so different in nature, that they both cannot be done reasonably with a single
script. This means that distinct implementations for both platforms are required. These kind of
problems can be avoided by using custom components that achieve the same goal, but do it so,
that the way of interaction is the same for both of the platforms. However, the downside of
this solution is that the application no longer follows the standards of the platform, which can
confuse the user, since the user interface does not look the same as the other native
applications on the platform. Additionally, the design of the application can be already
dictated, so these kinds of workarounds may not be possible. Also, creating new crossplatform components for all of the basic input tasks in the application can lead to a lot of
additional work. While this workload can be relieved by using ready made components
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provided by third parties, these components may not be developed with great testability in
mind. Many of these issues could be also resolved by using a different kind of cross-platform
solution for the application. For example, when developing a web based or a hybrid app, the
structure of the layouts used for the application should be much closer to each other on both of
the platforms. While web and hybrid applications most likely encounter less problems with
testability because of this, they lack the other redeeming features of native applications, as
explained in chapter 3.3.1.

Figure 18: Differences in the ‘work entry type’ selector between the platforms in the demo application when
using a standard React Native Picker -component
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6.4.2 Appium inspector
The desktop version of Appium comes with a graphical user interface tool called Appium
Inspector. The main interface of Appium Inspector can be seen in Figure 19. This tool can be
used to initiate Appium test sessions and interact with the devices remotely via the user
interface of the tool. This tool also provides additional information about the view hierarcy
and the attributes of the elements that are visible on the screen when the application is
running. This information can useful when developing test cases. Appium Inspector also
provides a mode, where you can record basic actions that are made via the user interface, and
generates a test case skeleton based on these actions. While the user interface of Appium
Inspector and the provided functionality is relatively basic, this tool proved to be helpful when
the test cases for the demo application were created and debugged.

Figure 19: Appium Inspector session for an iOS device running on Mac OS
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6.4.3 Issues with the reliability of the tests
Another problem that was initially encountered, was that the automated tests experienced a
high level of unreliability or ”flakiness”. In other words, the written tests did not success for
100% of the time, even though there was no clear visible reason for their failure. These
unreliablity issues were solved for the most part by increasing the wait timeout parameter for
element discovery in the WebdriverIO/Appium configuration and by removing/reducing
system level animations from the test devices. The wait timeout parameter, otherwise known
as an implicit wait time, is a parameter that controls the amount that Appium waits and polls
for a requested element to appear on the screen, even when no explicit wait command is
provided in the test case. These longer waiting periods may be necessary in some cases, if the
transitions between different screens take some time, and the actual state of the application
does not keep up with the expected state in the test case execution. Also, the removal of
system level animations on Android from the developer settings menu, and the ”Reduce
Motion” option from the iOS accessibility settings, helped to alleviate these issues [99].

6.4.4 Test results
The tests were ran by executing the test suites for both functional and device level tests in
sequence. The total time for test execution and the pass/fail status of the tests were observed
from the command line as reported from Mocha framework by default. The results of 10
separate test runs, 5 for Android and 5 for iOS, can be seen in tables 11 and 12.
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Test environment
Run number
1

2

3

4

5

Android
Test case

FT1

FT2

FT3

FT4

DT1

DT2

DT3

Result

Pass

Pass

Pass

Pass

Pass

Fail

Fail

Time taken

329.70s

Result

Pass

Pass

Fail

Pass

Pass

Fail

Fail

Time taken

325.10s

Result

Pass

Pass

Pass

Pass

Pass

Fail

Fail

Time taken

323.70s

Result

Pass

Pass

Pass

Pass

Pass

Fail

Fail

Time taken

349.80s

Result

Pass

Pass

Pass

Pass

Pass

Fail

Fail

Time taken

424.10s

Table 11: Test results on Android OS

When running the tests on Android, some problems were encountered. Upon manual
inspection, the following explanations for the failing tests were found:
•

FT3: A timing / reliability issue when executing the tests on Android emulator, that
was only encountered on some of the test runs. Seems to be related to the way the AUT
is reset between test runs. No easy fix for the problem was found. These same
problems were not faced when running the tests on real devices.

•

DT2: The network disable command seems to interrupt the debug bridge connection
between Appium and the emulator device on Android for some reason. When this test
case is executed on a real device, that is connected with USB, this problem does not
exist. A solution to fix this problem on an emulator device was not found.

•

DT3: Most of the time the application could not resume correctly from the
background, but instead a white screen was displayed, while running the test
automation. This is probably an issue in React Native application code related to
lifecycle management, rather than issue in Appium automation. However, this issue
could not be replicated when sending the application to background and resuming it in
manual tests on emulator, nor on real devices. A cause for this problem could not be
found, even when examining the application debug logs via logcat.
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Test environment
Run number
1

2

3

4

5

iOS
Test case

FT1

FT2

FT3

FT4

DT1

DT2

DT3

Result

Fail

Fail

Pass

Fail

Pass

Fail

Pass

Time taken

349.70s

Result

Fail

Fail

Pass

Fail

Pass

Fail

Pass

Time taken

332.20s

Result

Fail

Fail

Pass

Fail

Pass

Fail

Pass

Time taken

512.10s

Result

Fail

Fail

Pass

Fail

Pass

Fail

Pass

Time taken

327.50s

Result

Fail

Fail

Pass

Fail

Pass

Fail

Pass

Time taken

317.50s

Table 12: Test results on iOS

When running the tests on iOS, additional problems were encountered. It should be noted that
these tests were originally designed for Android, however, keeping cross-platform
compatibility in mind. Only after the tests were created and ran on Android, then the iOS test
runs were executed. The test execution times for the test run number 5 on Android, and the
test run number 3 on iOS, seem like outliers. These slowdowns were probably caused by
background tasks being run on the test execution machine itself. Additionally, upon manual
inspection, the following explanations for the test failures on iOS were found:
•

FT1: The addition of a work entry fails due to the fact that the test case is not
implemented with the iOS styled list picker in mind. Appium fails to choose the
correct value from the picker element, even though a test ID is assigned to it in the
application code, and the test fails.

•

FT2: The removal of a work entry fails, since FT1 is never completed successfully and
there is no work entry to remove.

•

FT4: The test case execution fails, when a ”hide keyboard” command is performed as
a part of the test case. When trying to close a numeric keyboard, that occludes the save
button required in the next step of the test, Appium reports an unknown error with
error code 13. However, alternative ways to hide the keyboard, like interaction with
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other elements that do not require keyboard input, exist. This kind of workaround was
not implemented, though.
•

DT2: Appium does not currently support network connection adjustments for iOS
[100]

In general, many additional problems, not strictly related to the design of the application were
faced when running the tests. However, some of the simpler tests were successfully
implemented in truly cross-platform manner and ran successfully against both of the
platforms. On the other hand, in real world applications test case complexity cannot be
avoided. In this light, the amount of problems faced in the more complex test cases for the
demo application is worrisome. It is possible, that with more experience with Appium, and its
inner workings, these kinds of quirky problems could be avoided. During the implementation
of the test cases it was noticed that, without this kind of previous knowledge, figuring out
solutions for problems that are only experienced on one of the platforms can be a cumbersome
and a time consuming task. While Appium has a simple cross-platform API which provides
commands to drive the test execution, in its core it is just a mediator for the different native
test drivers. For this reason, many of the limitations of the respective test drivers are also
present when using Appium. For some of the test cases, like FT1, a separate non-platform
independent test case solution should be constructed so that the errors within the test results
could be avoided. Also, it is possible that some of the problems, like the ones faced with DT3
on Android, are specific to this test setup. The test setup has many dependencies, and the
problems that were faced may get fixed in the next version of Appium, React Native, or other
components that were used to build and test the demo application. It should also be noted, that
the total time of over five minutes on average taken to execute these test suites of only 7 tests
can be considered slow. Although, it should be taken into account that these tests for the demo
application were optimized for stability, rather than for speed. These experiences related to the
slowness of Appium tests seems to be in line with other studies, where similar test cases
across different testing plaforms have been observed to have the longest execution times with
Appium when compared to other testing frameworks [80] [101].
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7

IDEAS FOR FURTHER DEVELOPMENT

This study focused on the feasibility of cross-platform execution of end-to-end tests that test
application functionality and some of the device specific actions. In a more complete testing
setup, additional non-functional testing, such as application performance testing, should be
done too. Additionally, the demo application did not utilize many advanced device
functionalities, like the camera, Bluetooth or location services. Whether these additional kinds
of testing are possible with Appium, or some other tool, should be investigated in more detail.
The integration capabilities of the chosen test framework to other quality assurance tools used
in DevOps practices, such as continuous integration systems, were left outside of this study.
While in theory, using a centralized solution like Appium should make the integration easier,
since it needs to be done only for one tool, additional culprits may be encountered in practice.
Also, in chapter 4.1.2, many TaaS solutions were identified that advertised Appium support.
Whether the usage of such TaaS solutions makes sense for SMEs should be investigated.
It was mentioned, that it is reasonable to use the same language to write the test cases, as is
used with the AUT. However, in the light of the test results, and the need for platform specific
branching in test cases, more advanced languages may be preferred. By using more structured
languages like Java, or the TypeScript extension for JS, better abstraction for test cases can be
done by using language constructs such as interfaces, annotations and inheritance. With these
tools, a test case could be, for example, constructed by using higher level methods provided by
a contract interface, which then has separate lower level implementations for both Android
and iOS.
In this study, only a subset of mobile devices, the handheld smartphones, were considered
from the point of test automation. In addition to mobile applications on smartphones there are
many new ares of application development on Android and iOS, such as apps on wearable
devices and television OS’es, that can benefit from test automation as well. Whether test
automation can be done in ubiquitous way including these kinds of platforms is a question that
needs further investigation.
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8

CONCLUSIONS

The testing requirements for mobile applications are very complex and the mobile landscape
keeps constantly evolving as new kinds of devices are released each year. In the same way, the
tools and techniques that are used to test and develop mobile applications are advancing. For
this reason, the state of the art needs to be evaluated from time to time, so that the best
practices and tools can be adapted into everyday use.
The goal of this study was to investigate the currently available set of open-source tools,
which have the capability to test both Android and iOS applications in a cross-platform
manner. The idea behind this goal was to test whether end-to-end UI automation tests could be
implemented so, that the tests needed to be written just once, instead of writing tailored test
suites for both of the platforms.
A market study related to the current situation of cross-platform test automation tools was
made. This listing contained both the identified open-source and commercial solutions in June
of 2018. From this list of available tools, an open source tool called Appium was selected for
further study based on its popularity and suitability for the goals of this work. In comparison
to the other available open-source tools, Appium was considered to be the most mature tool
which still has ongoing development and supports testing on real devices and emulators on
both of the mobile platforms.
A demo application for Android and iOS was developed for the purposes of this work by using
the cross-platform development framework React Native. A single set of tests was designed
and implemented in a cross-platform way by using the testing framework Appium. While in
theory, some test cases could be executed against the demo application in a truly crossplatform way as planned, a lot of problems were faced with this approach when using the
chosen tool. A lot of these problems can be also accounted to the fact that when developing
applications using tools like React Native, the generated user interface layouts are genuinely
native in nature, unlike in web and hybrid applications which have more generalized layout
structures. These native layouts do have profound differences on different operating systems,
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which do cause complications for cross-platform testability that cannot be simply overcome by
using a testing tool like Appium. To be exact, these issues aren’t directly related to Appium,
since some interactions are meant to have differences between Android and iOS. However,
Appium leaves many of these differences for the developer to deal with. These issues need to
be either circumented in the application code for cross-platform testing to be possible, or
alternatively, separate test cases need to be written for both of the platforms that take the
platform specific differences into account. Based on this research, it is clear that Appium isn’t
a comprehensive suite that provides turnkey solutions for cross-platform testing – but rather a
toolset that enables multi-platform test automation in a centralized way and reduces the
amount of work related to platform specific test infrastructure and driver setup.
When only considering the results of this work, Appium’s suitability as a reliable crossplatform tool, where test scripts could be written in a platform agnostic way, is questionable at
this moment. Further studies that investigate whether more reliable tests can be written by
tailoring the test cases separately for both layouts, and using the platform specific locator
strategies, should be done for further considerations. Regardless of the issues related to the
layout structures in native applications, many other finicky issues were faced with Appium
when running tests on both Android and iOS.
In addition to Appium, the capabilities of some of the other promising open-source solutions
such as Cavy and Detox could be tested. However, these tools are designed to work only with
applications developed with React Native, and do not provide solutions for general testing of
native mobile applications. However, such tools which don’t test applications in a truly blackbox nature, as Appium does, may fare better in their cross-platform testing abilities.
The shortcomings of the open-source solutions can be redeemed by their proprietary,
commercial, counterparts, though. However, the same challenges that are faced in the test tool
selection process with open-source solutions are present with these products as well. To be
able to tell whether these paid solutions can perform truly cross-platform tests more
successfully, than what is seen in the results of this work, a similar study to the real
capabilities of these commercial solutions should be done.
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