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This bachelor’s thesis studies the automation of Graphical User Interface (GUI)-based testing
for the Test Editor feature of an internal telecommunications Call Manager tool. The aim is
to replace current manual regression tests with a time-saving and maintainable Robot Frame-
work test suite executed through a Test Automation Manager (TAM) and to quantitatively
analyze how much faster automated testing is compared to manual execution.

The thesis combines theoretical background on the fundamentals of software testing, test de-
sign techniques, and agile practices. A master test plan was created based on the theoretical
background, from which 27 GUI-level test cases from the Test Editor feature were imple-
mented as Robot Framework scripts using SeleniumLibrary and other Robot keywords. The
manual benchmark was set using three experienced test engineers executing the same 27 test
cases with exactly the same test steps manually while recording their screens. The timing
data was developed from video recordings and Robot logs and quantitatively analyzed.

The results from the analysis show that the automated test suite executed roughly 3.9 times
faster than manual testing, considering the productive time, and roughly 2.7 times faster
when considering the full end-to-end test duration. This equates to a reduction of 75% and
63% respectively. The findings from this thesis show that the Call Manager’s Test Editor
feature can effectively be automated using Robot Framework and an internal TAM, and
that automation reduces execution time significantly while also supporting higher cadence
regression testing within an agile environment.
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1 Introduction

As telecommunication systems increasingly rely on complex software, ensuring their perfor-
mance and reliability requires rigorous testing. High-impact errors can result in high costs
and damage to user trust, making systematic testing crucial. As telecommunication carriers
embrace new technologies and diverse services are layered into complex software stacks, the
number of features and interactions between them grows, and with it the need for extensive
testing that is efficient and reliable.

Software testing in its traditional, manual, step-by-step verification and validation performed
by human test engineers form, is effective during early stages of development or for ex-
ploratory testing. However, as the complexity of software grows and features multiply, man-
ual testing by itself is not sufficient. Manual testing is very time-consuming, difficult to scale,
and prone to inconsistencies due to human errors. These shortcomings have prompted the
integration of automated testing methods in the telecommunication industry, where automa-
tion allows for an increase in speed of testing, better integration with continuous integration
and continuous delivery (CI/CD) cycles, and more repeatable test execution.

Software teams in the telecommunications domain have started to increasingly rely on test
automation frameworks, which are robust and more accessible to testers and engineers. One
of these is Robot Framework, an open source, keyword-driven automation framework that al-
lows for readable and maintainable test scripts across many environments. This compatibility
with technologies such as Selenium and Representational State Transfer (REST) Application
Programming Interface (API)s, along with its extensibility and broad selection of libraries,
makes it the test automation framework of many companies, such as ABB, Capgemini, CGI,
Cisco, Nordea, Nokia, and many other companies. When this testing framework is combined
with centralized orchestration platforms, Robot Framework can be used for structured testing
strategies that align with agile and DevOps methods.

This thesis explores the use of Robot Framework and a telecommunication company-specific
TAM to automate functional testing of a GUI. The Test Editor feature of the Call Manager,
a user-facing component utilized to configure test scenarios that are executed against user
equipment (UE), is the main focus of this paper. Instead of validating the system manually,
the goal is to develop automation scripts that verify its intended behavior. The aim is to
increase consistency and efficiency of testing while minimizing the human effort needed.

Automating the Call Manager’s Test Editor feature has both academic and industrial sig-
nificance. The industrial significance comes from its ability to practically shorten the test
cycles and help the development team keep or even increase pace with new feature releases
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and quality standards. The complex nature of today’s telecoms networks makes testing ex-
tremely critical and complex, meaning that improving test efficiency is highly valued. Thus,
the automation scripts and evaluation of efficiency developed in this thesis are significant
for the telecommunication company for which this thesis is being written. From an aca-
demic research perspective, this work provides a case study of applying test automation
in an industrial telecommunication setting, closing the gap between theoretical frameworks
and real-world implementation. The scope is focused on the main workflows of the Test
Editor within the Call Manager, keeping the case study tractable. The objectives and scope
of the thesis naturally lead to the formal research questions and problem statement that fol-
low, defining how to effectively automate the Call Manager’s Test Editor and measure the
resulting efficiency gains.

The structure of this thesis starts with a theoretical background of software testing principles,
automation practices, and the Software Development Life Cycle (SDLC). This technical
background is followed by a description of the System Under Test (SUT), the methods, in-
cluding the research methodology and the methods and tools used for evaluating and validat-
ing the performance indicators, which will be used to answer the research question presented
in the problem statement. Lastly, this thesis includes the detailed steps of the planning and
implementation of the test automation structure, followed by the reveal of results, analysis
of said results, and discussion of limitations. The thesis is wrapped up with a conclusion and
a short discussion of future work.

1.1 Problem Statement

Before new software is released, it must be thoroughly tested to ensure functionality, usabil-
ity, and reliability. This testing, though, does not end at release. As new features and updates
are introduced, the product must be continuously verified to maintain robust quality stan-
dards. The Call Manager, a telecommunications tool that enables remote control of multiple
devices via mobile broadband or USB connection through a Web-based GUI, is approaching
release and therefore requires a systematic testing approach.

Currently, all testing of the Call Manager’s Test Editor feature is performed manually. Man-
ual testing, while simple, is vulnerable to human error, time-consuming, and difficult to scale
as the number of test cases, features, and the cadence of testing increases. Since the Call
Manager is expected to include additional features in the near future, completing all testing
manually would create significant challenges in keeping costs down while also keeping pace
with development reliably, potentially increasing the time-to-market for new features.

The core problem this thesis addresses is in establishing efficient test execution for the Call
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Manager’s Test Editor feature. By using Robot Framework for test authoring and a telecom-
munication company’s internal TAM for running, reporting, and managing the automated
test suites, the aim is to greatly reduce manual effort, increase reliability, and shorten execu-
tion time of the testing process.

To confidently assess the impact of the automation, this thesis will evaluate metrics such as
the percentage of test cases automated and the time difference between manual and auto-
mated test executions. Based on this, the research question of the thesis is: How can the
Test Editor feature of the Call Manager tool be automated using Robot Framework and an
internal TAM, and how does automation compare to manual testing in terms of efficiency?
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2 Theoretical Background

Before going to the methods used in this thesis, this theoretical background will provide a
brief introduction to the concepts involved in the methods and analysis. The section covers
software testing fundamentals and levels, test types and design techniques, the software de-
velopment and testing life cycles with emphasis on Agile and CI/CD, and an overview of the
tools used in the actual testing (Robot Framework, Selenium WebDriver, and an internal test
automation environment).

2.1 Software Testing Fundamentals & Levels

Software testing is a series of processes that evaluate software to make sure that the code
satisfies the stated requirements and does not do anything unintended [5]. Software testing
should add some value to code, whether this be improving the reliability or quality of the
code [5, p.6]. Myers, Sandler, and Badgett thus define software testing in their book The

Art of Software Testing as being “the process of executing a program with the intent of
finding errors”. This process is not random, but carefully planned, executed, and analyzed
[5]. Contemporary practice organizes this process into test levels, which define what is tested
at which scope, so that different risks are addressed earliest, where they are also the cheapest
to detect [6, p.21]. This section defines these concepts and briefly contrasts related concepts
that are frequently confused in practice.

It is crucial that the definition and the relation of terms are clear before getting into higher-
level test planning. One of these sets of concepts that are often used interchangeably is error,
fault, and failure. An error may introduce a fault in an artefact, and a fault can, under certain
conditions, manifest as a failure, but not every defect leads to a user-visible failure, and not
every failure can be traced to a single defect. Understanding this unintuitive chain helps test
engineers select appropriate test levels and oracles [1].

The terms verification and validation are also commonly misused. Verification explores if the
product conforms to the specification, whereas validation checks the fitness of the product
for the intended use. Verification should ask if the product being built is right, and validation
should ask if the product being built is the right product. Both validation and verification are
necessary in any end-to-end test strategy. [1], [6]

The International Software Testing Qualifications Board (ISTQB) and Institute of Electrical
and Electronics Engineers (IEEE) define the different test levels as unit, integration, system,
and acceptance tests, each targeting different risks [1], [6].
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• Unit testing (also known as component testing) focuses on testing the smallest testable
elements in isolation [5, p.29], [1]. Developers often perform unit tests on their devel-
opment environments, allowing early and cheap detection of bugs.

• Integration testing can be further split into component integration testing and system
integration testing. Component integration testing (also known as unit integration test-
ing) verifies the interactions between units/components, while system integration test-
ing focuses on the testing of interactions between the SUT and other external systems.

• System testing validates the end-to-end behavior of the entire system against non-
functional and functional requirements.

• Finally, acceptance testing focuses on testing the system from the perspective of the
stakeholders and end user. This testing is typically run just before deployment or
release and can be further taxonomized to User Acceptance Test (UAT), operational
acceptance testing, contractual acceptance testing, regulatory acceptance testing, alpha
testing, and beta testing.

This thesis utilizes the higher-order system and acceptance-level checks of the Test Edi-
tor’s user-facing workflows. These system tests do not replace, but complement, lower-level
unit/integration tests, embodying a shift-left mindset where feasible.

2.2 Test Typologies and Test-Case Design Techniques

The complete catalog of test typologies and test case design techniques, as presented in
ISO/IEC/IEEE 29119-4, is well beyond the scope of this thesis [2]. Because the focus is
on black-box GUI-level testing of the Test Editor feature, the following subsections will
concentrate on the most relevant techniques in this context and will only briefly present
other relevant test typologies and design techniques within the industry.

2.2.1 Test Types

Each test level can, and should, include various test types. ISTQB defines the following
fundamental test types: static, dynamic, functional, non-functional, black-box, and white
box testing [1, pp.29-30]. Figure 1 illustrates the functional and non-functional test types at
different test levels. Static and dynamic testing, in contrast, cut across all these levels and
types rather than being shown as separate boxes in the figure.
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Figure 1: Fundamental Test Types [1]

Static testing is the testing of software without the execution of code. This means that it
is performed manually, by, for example, reviews, or by using tools, such as static analysis.
Static tests are performed on items such as documentation or source code, and the test can
be performed anywhere within the software testing life cycle.

Dynamic testing requires executing code and thus can only be run in the parts of the SDLC
where the executable code is available.

Functional testing focuses on evaluating the functions that a unit or the entire system should
perform. It compares the behavior against the specified function.

Non-functional testing assesses quality requirements such as security, performance, usabil-
ity, and compatibility, as defined by ISO/IEC 25010 [7]. Some test types considered non-
functional are:

• Performance testing can measure response times, throughput, and resource usage at
expected load (as load testing) or beyond limits (as stress testing). The test can also be
run over an extended period of time (soak/endurance testing).

• Security tests probe authentication, authorization, session and token handling, trans-
port security, security headers, input validation, output encoding, and other security
features using manual and automated test cases [8].

• Usability/accessibility testing assesses the usability of the product for the end user.
This includes accessibility checks based on conformance to standards, such as WCAG
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2, and user-based testing [9].

• Compatibility testing involves evaluating the consistency of the product across differ-
ent devices, OS’s, and browsers, and across different versions of each [10].

While these non-functional tests are important on a system level, this thesis focuses on func-
tional, black box tests; thus, non-functional tests are considered out of scope.

Black-box (specification-based) testing derives tests from requirements and user workflows,
meaning that ultimately its main goal is to verify system behavior against its specification.

White-box (structure-based) testing derives tests from program structure, such as code. The
ideal white-box test would execute every path in the program [6], [10], [5].

Grey-box testing blends both white-box and black-box testing ideologies; tests are derived
from specifications but adjusted by exploring key failure modes through the knowledge of
the architecture. This adjustment away from purely specification-based testing increases
efficiency by reducing over-constraint. [1]

Regression tests re-execute previously passed test cases to find any unintended consequences
of change, which could be due to a new feature or bug fix. It cross-cuts the layers of testing
and is used by regression suites running frequently to provide rapid feedback and stabilize
flow in continuous integration (CI) [5]. The automated Test Editor tests created in this thesis
are intended to become part of the CI regression suite.

2.2.2 Test-Case Design Techniques

The book Art of Software Testing defines some key software test design principles. Firstly, a
necessary part of a test case is the definition of expected results. If the expected results are
not defined, it is possible that a plausible, but erroneous, result will be interpreted as a pass
[5]. This is, of course, due to human psychology and the phenomenon of “the eye seeing
what it wants to see”, also called confirmation bias [5]. It is crucial that human psychology,
especially one’s biases, be taken into account when designing and also executing test cases.
If a developer designs and runs test cases, it is in their own self-interest that test cases pass
and that the definition of done is met. This is an obvious conflict of interest [5], [10], [6].
Thus, ISTQB and IEEE suggest that testing should be done by a 3rd party, or, at the very
least, a separate department that is not participating in the development of the software under
test [5], [10], [6]. This principle has been put into use in this thesis’s case study as the Call
Manager is tested by a dedicated verification engineer, rather than by the development team
itself.
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The more technical side of test-case design includes deciding on the inputs, oracles, and
coverage that are to be tested. There are many different methods for choosing these vari-
ables, but they can mainly be split into techniques addressing specification-based (black-
box), structure-based (white-box), and experience-based testing [2]. Some techniques can
also be used interchangeably within the different classifications. The classified test-design
techniques according to ISO/IEC/IEEE 29119-4:2021 can be seen below in Figure 2:
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Figure 2: Test design techniques presented in ISO/IEC/IEEE 29119-4 [2]

Experience-based techniques, such as error guessing, are performed manually as they require
an experienced tester, and code-based testing, such as statement, branch, decision, branch
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condition, branch condition combination, modified condition decision coverage, and data
flow testing, are executed at the unit level and often require code instrumentation. Since
the scope of this thesis is on automated system-level GUI testing, these techniques are not
applied or introduced further.

The Equivalent Partitioning (EP) design technique is based on the principle that defined
partitions are equivalent, meaning that the values within the partitions should be treated
the same. Equivalent partitions should be identified for both valid and invalid inputs. For
example, within the Call Manager’s Test Editor feature, when defining the “Attach wait
timeout (s)” parameter for the “Airplane mode” test, the valid equivalent partition is 1-100.
This means that the invalid equivalent partitions are <1 and >100. [2, pp.10-11]

Boundary Value Analysis (BVA) examines the edges where failures often cluster, which are
just below, at, and just above the limits between equivalent partitioning classes. Boundary
value analysis is used in combination with EP, offering a high return on effort. This design
technique is especially effective for numeric ranges, length-constrained strings, and pagina-
tion [11], [2].

Decision table testing uses a decision table with the logical relationships modeled between
causes and effects. The causes are represented as a boolean value representing true or false,
and the effects are represented as an action. Test cases are derived from this table by selecting
one decision rule and finding the input values that meet the decision rule and its effects to
find the expected results of the test case. [2, p.13,p.32,pp.74-79]

State transition testing starts with first defining the states that the test time can be in, the
transitions between the states, the key events that cause the event transitions, and the outputs
from the transitions. Test cases are derived from this state model by selecting a test coverage
item, finding the input values, and applying the input values to the test bases to find the
expected results. The test coverage items, for example, can be states, single transitions, or
all invalid transitions. [2, p.19]

Combinatorial test design techniques juggle the combinations of interest. The aim is to
achieve high coverage while keeping the number of test cases at a minimum. The design
technique uses different algorithms to pick a small subset of combinations that still achieve
enough coverage. An example of these algorithms is pair-wise testing, which tests every
possible pair of parameter values that appear at least once within a test. This greatly reduces
the number of combinations that are tested, while still exercising all chosen interactions. [12,
pp.167-199], [2, pp.15-16,71-72]
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Random testing, as the name suggests, uses random inputs within a chosen input distribution
that should represent the set of all possible inputs. The selected input distribution can be a
normal distribution, operational profile, or uniform distribution. Since no complex design
or partitioning is needed, random testing is very simple and cheap to design. [2, pp.93-95],
[13]. In this thesis, random testing is not primarily used, but it is featured while creating the
test case names in the Test Editor feature.

Requirement-based test design uses documented atomic requirements to directly design test
cases. The aim is to have each requirement covered by at least one test case. Most of the
time, these test cases are positive test cases, meaning that they confirm that a requirement
has been met [2, pp.22-23]. In this thesis, requirement-based positive tests are used to ensure
that the requirements set for the Test Editor feature of the Call Manager are fully met.

2.3 Software Development and Testing Life Cycles

This Section contains background on how testing fits into modern software development
lifecycles. It begins with defining different SDLCs, then expands into test planning, test
design and implementation, environment and data management, execution and reporting,
defect management, quality gates and branch flow, and regression cadence.

2.3.1 Software Development Life Cycles (SDLC)

The general software development process, called the SDLC, defines the essential steps,
such as planning, analysis, design, and implementation, which are needed to transform stake-
holder needs into working deliverable software. There are various SDLC models, including
the classic waterfall and V-model, which sequence work in phases with formal hand-offs
[14, p.26]. More recent models include spiral and Agile/DevOps, which shorten the feed-
back loop through frequent delivery. The Call Manager development in the company of this
case study follows a Scrum-based agile model with CI/CD, and thus, the testing is run within
the agile regression cycle each sprint.

Agile methodology values “individuals and interactions over processes and tools, working
software over comprehensive documentation, customer collaboration over contract negotia-
tion, [and] responding to change over following a plan” [15]. With agile methodology, there
are more frequent product deliveries with an allowance for changing requirements even late
in development, and working software is used as the primary measure of progress. Thus,
agile methodology shortens feedback loops, accepts uncertainty, and emphasizes learning
through frequent deliveries.

These quick software cycles due to agile methodologies’ iterative nature result in many test-
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ing cycles with many re-executed test cases. Thus, testing automation is especially crucial
for agile software development.

Scrum is a form of agile framework. It defines how to manage and develop products in short
iterations, called sprints. As shown in Figure 3, the agile framework includes different roles
(Scrum Master, Product Owner, Developers), artefacts (product backlog, sprint backlog, and
increment). and events (daily scrum, sprint planning, sprint, sprint backlog, sprint review,
sprint retrospective, product backlog, and product goal). [3]

Figure 3: Scrum framework overview [3]

Figure 3 above shows how the work flows from the product backlog to the sprint backlog,
through a sprint, and finally to the sprint review. At the end of the scrum, if the definition of
done is met, the work done is iterated into the product. This process is then repeated until
the product goal is met. The process ensures that there is always a deliverable product and
allows frequent opportunities to integrate testing and adapt to changes. [1], [3]

2.3.2 Test Planning, Design, and Implementation

A typical test process can be grouped into the following steps: test planning and control,
test design and analysis, and test implementation and execution [1, pp.18-19]. A test plan
defines the test objectives and the activities needed to achieve the said objectives [16, p.12],
[1, p.48]. The chosen test activities are based on a test strategy, which can be documented as
part of the test plan or also separately [1, p.20], [17, 19]. The test plan mostly describes how
this test strategy is implemented, and thus needs to define the specific test cases as well [16,
p.12], [1, p.48]. This test planning can greatly vary depending on the size of the software
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project being built. For large, complex, and multi-layered software, test planning can include
thousands of documents and a large number of people, while for smaller projects, the test
planning can be as simple as one Excel file [16, p.12].

Test analysis and design translate the objectives and scopes outlined in the test plan into a
set of concrete test cases, including test conditions and test data [1, p.19]. This is where a
tester selects the appropriate test design techniques, as presented in section 2, and uses them
to create the tests and their test steps [1, p.19].

Test implementation takes the test plan and design, and ensures that testware is prepared for
execution as defined. According to ISTQB, this includes categorizing test cases into suites,
creating automation scripts, preparing any test data, and ensuring that the test environment
is ready according to the test prerequisites [1, p.19].

In this thesis, these generic test activities, including the instantiation of test design techniques
into Robot Framework test suites and test data, are instantiated in the Master Test Plan for
the Test Editor feature, as shown in Section 5.

2.3.3 Test Environment, Execution, and Reporting

ISO/IEC/IEE 29119-3:2021 defines dynamic test process documentation as including a test
plan, a test environment, including data requirements, and test execution, including the test
report [16]. The test plan is described in Section 2.3.2. A test environment comprises hard-
ware, software, measuring instruments, network configurations, tools, test data, and any
other elements required to execute test cases [18]. In web-based systems and acceptance
testing, the test environment often includes a compatible browser, the SUT, supporting ser-
vices, and test data. The isolation and availability of the environment must also be considered
when planning the test process. Shared environments are cheaper than dedicated systems,
but they may cause interference between tests, resulting in a less reliable test process. The
Call Manager and TAM environments used in this thesis are described in Section 3.

Test execution consists of running test scripts or manually completing test steps that were
generated as a result of the test design, logging the outcomes, and running a verification
step that compares the actual results to the expected results defined in the test plan [1], [17,
p.38]. The collection of logs and screenshots, handling of timeouts and failures, and the
orchestration of execution through a test automation platform should be included in the test
execution planning for automated tests [17, pp.38-40].

Test reporting is a part of the greater test execution process, as defined in ISO/IEC/IEE
29119-2, and also partially a standalone process. The test report should include the actual
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results, the test results, and the execution logs [17, p.40]. In the context of automated tests,
the test report can be implemented as automatically generated reports, such as the HyperText
Markup Language (HTML) logs from Robot Framework. Section 6 uses the execution data
to compare automated testing time to the mean manual effort.

2.4 Automated Testing Tools

Test tools can support and automate many steps in the testing process, including test exe-
cution, test planning, test design, and the checking of results [1, p.58], [18]. The use of
software to perform and support these steps is the definition of test automation. The tools
are categorized by ISTQB into test management, static testing, test design and implemen-
tation, test execution and test coverage, non-functional testing, DevOps, Collaboration, and
scalability and deployment standardization tools [1].

Keyword-driven functional test tools are widely used for system and acceptance testing of
web-based GUIs. These types of tools enable tests to be created as sequences of higher-level
keywords [19]. These keywords are then translated into actions against the SUT through
different libraries [19]. Robot Framework is one of many keyword-driven test frameworks,
and Selenium WebDriver is the standard interface for controlling a web browser through code
[4, 20]. In this paper, a combination of both the Robot Framework and Selenium WebDriver,
along with an internal TAM, is used to automate regression tests for the Test Editor feature
of the Call Manager tool. The details of Call Manager’s architecture are presented in Section
3.

2.4.1 Robot Framework

Robot Framework is a keyword-driven test automation and Robotic Process Automation
(RPA) framework that was originally developed at Nokia and later released as open-source.
The framework is Python-based and can be used in distributed heterogeneous environments.
[4]

The Robot Framework user guide claims that the framework is used “for Acceptance Test-
Driven Development (ATDD), Behavior-Driven Development (BDD), and RPA” [4]. As
seen in the high-level architecture of the Robot Framework in Figure 4, the test data are
written using test data syntax to the Robot Framework, which uses test libraries and test
tools through the test library API to execute keywords against the SUT.
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Figure 4: Robot Framework Architecture [4]

Keywords are reusable functions that can be built-in, provided through external libraries, or
user-defined using other keywords. This abstraction layer within the test libraries allows for
flexibility and reliability since domain-specific actions can be defined once and reused across
many tests and test suites [4].

Robot Framework provides some standard built-in libraries and allows other domain-specific
libraries [4]. The framework also provides a command line interface, easily readable HTML
logs and reports, REST API’s, and Secure Shell (SSH) or Telnet connections [4, Sec 1.1.1].
All of these characteristics make Robot Framework very well-suited for regression testing in
continuous integration systems [4].

In this thesis, Robot Framework is used as the core test automation framework to run test
cases for the Call Manager’s Test Editor feature. Its keyword-driven Python-based architec-
ture is used to simulate GUI interaction and other operations into keywords, which are used
to create the test for the Test Editor.

2.4.2 Selenium WebDriver

Selenium is an umbrella project that includes various tools and libraries to allow the user
to automate web browsers (Selenium Homepage). The core of Selenium is its WebDriver,
which is an interface for writing instruction sets to be run on a range of browsers [20]. The
driver drives the browser, as a normal user would, meaning that any function possible by
a human user is also possible using Selenium WebDriver [20]. This standardized API has
become instrumental to GUI-level web testing automation.

SeleniumLibrary is a library for Robot Framework that uses the Selenium WebDriver for
web automation. The library exposes browser actions as Robot keywords and handles driver
initialization, browser life cycle management, and element interactions [21].
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For this paper, Selenium WebDriver, through SeleniumLibrary, is used to automate the web
user interface testing of the Call Manager. The Robot Framework introduced in the pre-
vious Section 2.4.1 calls SeleniumLibrary keywords such as opening a browser, drag-and-
dropping elements, clicking elements, and inputting text into fields. The combination allows
for precise, fully automated end-to-end testing of the Test Editor workflows, while closely
simulating a real user’s interaction with the Call Manager tool.

2.4.3 Internal TAM

In addition to the open source tools mentioned in this background, many companies use
an internal test manager to orchestrate the testing across all distributed systems. The test
management platforms often provide a web-based UI for creating tests, browsing tests, con-
figuring test environments, scheduling runs, and integrating everything with CI/CD systems.
Essentially, the platforms act as a management layer above test frameworks, such as Robot
Framework and Selenium [1, p.59]. This facilitation increases test process efficiency and is
thus an essential part of automated testing [1, p.59].

The company of this thesis’s case study has its own internal cloud-native TAM, which is
built on Robot Framework and many Python-based libraries. This platform allows a user
to create, manage, and execute Robot Framework test suites on dedicated executors using
a central UI and REST interfaces. The executor hosts the tools, such as Selenium, and has
access to the SUT, such as the Call Manager. At the end of the test execution, the results and
logs are collected back into the management platform from the executor.

In this thesis, the automated Test Editor test suite is executed using the internal TAM, which
takes the locally developed Robot Framework scripts, runs the scripts on an executor, and
integrates the test into existing CI/CD systems. Sections 3.1.1 and 3.1.2 describe the detailed
architecture of the TAM and its interaction with Robot Framework, Robot Framework’s li-
braries, and the Call Manager.
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3 System Overview

This Section provides an overview of the SUT and the internal TAM. It first introduces the
Call Manager remote control tool and the Test Editor feature, which is the focus of this thesis.
It then outlines the architecture of the internal TAM and explains how it interacts with Robot
Framework, SeleniumLibrary, and the Call Manager.

3.1 Remote Control Tool

The Call Manager tool used in this case study is an internal smartphone (User Equipment
(UE)) remote control application that enables remote control of multiple mobile devices
through USB or broadband connection through a web-based GUI or commands via REST
API. The application allows test engineers to configure devices, configure tests, start and stop
tests, and monitor the status of the devices and test cases. One Call Manager environment
can serve multiple users and user groups and supports many different test types, such as
Multi-Radio Access Bearer (RAB) traffic, video streaming, voice calls, and data transfer
scenarios.

The tool runs on Docker containers managed with Docker Compose and is run on a Linux
server. The containers host the backend services, databases, web interface, and other addi-
tional components such as logging and device management services. On the UE side, an
Android client application relays commands and measurements between the server and the
devices. A Common Proxy or a USB Proxy mediate connectivity over either mobile broad-
band or USB, depending on the setup. The architecture of the Call Manager tool can be
further seen in Figure 5.
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Figure 5: Architecture of Call Manager

The Test Editor feature is the main focus of this thesis and provides a GUI for creating,
modifying, and managing tests and test sequences. These test sequences or individual tests
can later be scheduled for execution or run manually. A typical workflow for the Test Editor
is to create a test case, edit its parameters, save the test case, create a sequence, add the
created test case into the sequence, and edit sequence parameters. The Test Editor feature
also allows the user to clone or delete a sequence or test, and also upload or download them.
These user-facing workflows create the basis for the tests planned and developed in Section
5.

3.2 TAM Architecture

The internal, cloud-native TAM built upon Robot Framework includes two main parts: the
web server and executor. The web server provides REST API interfaces and consists of
the user interface, database, log storage, and one or more executors. An executor, powered
by Robot Framework, links the services through PYRO (Python Remote Objects) protocols
to the web server. The services include Robot and Python libraries and tools (software or
physical device used for testing), which are then connected to the SUT. This architecture is
visualized in Figure 6:
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Figure 6: Internal Test Automation Manager Architecture

From the TAM’s perspective, a test is a Robot Framework suite that is dispatched to an
executor together with the information about the SUT. During the execution, the Robot
Framework deployed on the executor interacts with the SUT through its libraries. The results
are then structured into output files and collected back to the TAM.

In the context of this thesis, the SUT is the Call Manager web application. The executors run
Robot Framework test suites that use SeleniumLibrary to create the browser for accessing
the SUT and to perform the Test Editor workflows.
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4 Methodology

This section presents the research design, tools, and validation methods used. It first de-
scribes the applied research case-study and quantitative comparison approach, and how they
were used to design and evaluate the tests. Next, it summarizes the main tools and technolo-
gies used to design, execute tests, and collect data. Finally, the section shows how automated
and manual execution times were gathered, compared, and verified to answer the thesis’s
research question.

4.1 Research Approach

This thesis uses an applied research methodology to develop a practical test automation
solution for the Call Manager tool, which is then used as a case study that is empirically
and comparatively examined using quantitative comparison. Empirical research stems from
observed and measured phenomena instead of purely theoretical ones, and case studies are
a good fit since they examine contemporary phenomena. In this thesis, applied research is
used to create automated test cases for the “Test Editor” feature of the Call Manager. The
execution efficiency of the automated execution runs is then quantitatively compared with
the manual test executions of the same test cases. The study is empirical in the sense that it
is based on the observed execution times rather than theoretical estimates.

The thesis’s workload followed two main stages. Stage 1 first involved the creation of the
master test plan together with the Call Manager’s technical lead to find the most important
functions of the Test Editor. The test cases were then designed according to the techniques
described in Section 2.2 and implemented as automated scripts using Robot Framework.
Lastly, the scripts were executed in the TAM environment, and the execution logs from Robot
Framework were gathered. Phase 2 involved the creation of manual benchmark data. This
was done by having 3 experienced telecoms test engineers execute the same set of test cases
manually while having their screens recorded using Microsoft Teams. This video evidence
provided by the testers was used to extract precise timing information. The automated and
manual times were then finally analyzed and compared to evaluate efficiency.

In addition, an iterative approach was used while developing the automated test. The initial
manual exploratory testing of the tool gave an understanding of expected behaviors and po-
tential edge cases. After this initial exploratory testing, the test cases were created iteratively,
starting with basic scenarios and gradually increasing complexity step by step. Each iteration
involved writing a test, running it, observing results, and refining the script or system con-
figuration as needed. This incremental strategy allowed for the validation of the automatic
approach early and the adjustments to any unforeseen issues.
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In summary, the research approach is a case study with an experimental quantitative eval-
uation component, with the experiment being the execution of manual vs. automated tests
on the same cases and observing the differences. This design provides concrete empirical
evidence to answer the research question.

4.2 Tools and Technologies Used

Robot Framework and SeleniumLibrary, as mentioned in Sections 2.4 and 3.2, were used to
implement the automated test, and the company’s internal TAM was used to execute the test
on dedicated executors. Robot Framework provides the keyword-driven test structure, and
SeleniumLibrary allows a web browser to access the Call Manager’s Test Editor GUI. The
automation manager orchestrated the entire execution, logging, and reporting.

A Python script using the pandas library was used to process the XML and HTML output
files from Robot Framework and to extract the execution times and other timing information.
Excel was used to store the manual benchmark times and to compute basic statistics, such as
averages and ratios, and to generate the plots presented in the results in Section 6.

4.3 Validation and Evaluation Methods

A clear strategy for the validation and evaluation of results was derived at the beginning
of this thesis to ensure the validity of the comparative analysis’s results. Validation in this
context refers to both checking that actual results match the expected results of automated
tests and ensuring fair and reproducible measurement and comparison of execution times.

4.3.1 Automated Test Execution Data

Robot Framework produces detailed logs and reports in XML and HTML for each test run.
These logs include timestamps for each test and each keyword executed in the tests, pass/fail
status, and any errors encountered. After each test was executed in the TAM environment,
the HTML execution logs were collected. These logs were first used during the iterative
robot script creation process to see if the test cases passed or failed, and to diagnose any
errors. Once all cases passed consistently, the logs were used to collect the primary metric
of execution time per test case in seconds, and also other minor metrics such as time per
keyword and time per library. In order to speed up this process of inspecting logs, a Python
log processing script was written. This script parses the Robot output and exports a CSV file
of test case names with their execution times, execution time per keyword, execution time
per library, and execution time for popup removal. This automated parsing of logs reduces
any potential human error in reading execution times. The primary metric used in the results
in Section 6 is the total execution time per test case. To validate the data, the times each test
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case took were added up and cross-verified against the total test suite execution time.

4.3.2 Manual Execution Data

The manual execution timing analysis was more challenging since manual execution does
not automatically produce a log file. Thus, the approach was to obtain test timing data
through video recordings. Each of the three test engineers was requested to start a Microsoft
Teams call, share their screen, and record the meeting while executing the test steps. Mi-
crosoft Teams was used since it is easy to use for recording one’s screen, leverages existing
Microsoft Teams software familiar to testers, and allows for accurate start and end time cap-
turing without having to rely on the tester to self-report using a more inaccurate timekeeping
method, such as a stopwatch.

These video recordings were then analyzed, and the timestamps of each test’s start and end
times were noted down in a spreadsheet. The raw data processed was a set of execution times
for each test case per tester. This data was then inspected to make sure that there were no
outliers due to interruptions or mis-run tests. Fortunately, no outliers were present, and most
test cases shared similar timings. Minor variations did, of course, occur, and thus the times
were averaged to get a more robust estimate of how long an experienced tester on average
would take to complete the test cases without any interruptions. The number of testers was
limited to 3 since there were practical constraints on available test engineers. Thus, the use
of 3 testers represents a balanced compromise between observing variation and managing
effort, increasing the reliability of this manual benchmark.

4.3.3 Quantitative Comparison and Validity of Results

After both the manual and automated test time data sets were prepared and validated, the last
step was to complete the quantitative comparative case study by comparing them to evaluate
efficiency. This was firstly done by taking the average manual execution time for each test
case run manually and the automated execution time from the Robot Framework logs, and
calculating the ratio or percentage difference. This ratio/percentage shows how much faster
the automation was compared to the average manual run, and thus can be called the speed-
up factor. For example, if a manual test took on average 120 seconds and the automated
test took 30 seconds, it would be recorded as the automated test being 75% faster or having
a speed-up factor of 4. This means that the automated test is completed in one quarter of
the time that the manual test takes. This process was done for each test, then tabulated and
plotted using Excel in Section 6 to visualize the comparison across the full test suite.

To ensure confidence in the validity of the data and the comparison, several measures had to
be taken. For the automated data, tests were executed many times in order to get consistent
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results, and automated assertions were used to make sure that the Test Editor behaved as
expected, ensuring that the timing data were only collected from passed runs. The confidence
in the validity of results for the manual data stems from the use of screen recordings, multiple
experienced testers, and identical test step instructions. However, there are some limitations
due to the number of testers used, the specific environment used, and the test types, which
will be further discussed in Section 6.2.
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5 Test Planning and Implementation

Test planning and implementation covers master test plan drafting, test case design, and the
implementation using Robot Framework. Following a structure and ensuring that steps are
done in order is crucial in maintaining confidence in test cases and ensuring that test cases
are relevant and do not overlap.

5.1 Master Test Plan Drafting

A comprehensive master test plan was drafted at the start of the testing project in order
to outline the overall strategy and scope. A master plan is usually a high-level document
containing definitions of what will be tested, how it will be tested, and the resources and
schedule for the testing, in line with testing standards such as IEEE 829 and more recent ISO
29119 [16], [22]. In this thesis, since the scope is a relatively small and focused tool, the
Master Test Plan covered only the most relevant elements.

The master test plan covers the following parts:

Feature definition: The document defines the different features, such as User manage-
ment, Groups management, Settings management, Test Editor, Test Execution, Test Results,
and Proxy. [16, p.13]

Test case definition: For each feature, there are many test cases defined that cover the
specification of each feature. The method for test case derivation will be covered in 5.2 Test
Case Design.

Test prerequisites: The prerequisites individually define the required test environment,
the setup for each test case, and any special constraints [16, p.23]. For example, for many
test cases, this includes browser type and version, URL of the test system, and test system
configuration.

Test purpose: The test purpose covers the objective or focus of each test case [16, 24].
For many test cases within the “test case editor” feature, this included verifying some func-
tion/requirement of the feature, such as being able to log in or being able to create an “air-
plane mode” test within the call manager.

Test steps: The test steps directly describe, step-by-step, what actions need to be taken to
complete the test case [16, p.23]. This can include opening a browser, navigating to the tool,
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navigating to the test editor tab, selecting a test type, creating a test, naming the test, defining
all parameters, and saving the test case.

Expected results: The expected results define the success criteria, meaning the outputs
required in response to the inputs when the precondition state is met, which will result in a
passed test case [16, p.23]. This can include simple criteria, such as the user being able to
create a test case and save it with no errors, or more complex criteria, including performance
metrics.

Automation Level: To follow the progress of automation, a field was used in the master
test plan Excel that indicates the level of automation completed.

The automation level identifiers used for this progression tracking are:

• 00 - Not Planned

• 21 - Test execution is fully automated, Analysis partly automated

• 22 - Test execution is fully automated, Analysis is fully automated

• 23 - Test is cloudified and fully automated. Analysis is fully automated

• 88 - Not Possible / Not Relevant

• 98 - To Be Automated

• 99 - Planned

• Robot test cases created

So far, most test cases have been planned, with some having the robot test cases created. The
goal for automation level is to achieve status “23 - Test is cloudified and fully automated”.
Analysis is fully automated, since this would mean that the test is fully ready to be run during
regression rounds without any human effort.

Status summary: The test plan concludes with a summary containing the number of fea-
tures, test cases, automation level (percent of automated test cases), and testing status, which
includes the number of passed, failed, ongoing, not needed, and no tested test cases. This
gives a quick and simple overview for stakeholders of the project to see the progress of the
testing.

5.2 Test Case Design

As a part of the master test plan, test cases needed to be designed for each functional area in
scope. The cases were made to be clear and atomic, with each case verifying one function of
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a feature. As mentioned in the previous section, the cases were documented with a descrip-
tive name, purpose, preconditions, steps, and expected results. This follows IEEE 829 test
case documentation standards. [22], [16]

5.2.1 Derivation of Test Cases

Test cases were derived using a requirements-based approach. For each function of a feature,
at least one test case was created to verify it [1]. For example, since the Test Editor feature
allows a user to create an “Airplane mode” test scenario, there was a dedicated “Create ’Air-
plane mode’ test” test created. Its objective is to verify that choosing “Airplane mode” from
the test-type drop-down, filling out its parameters, and pressing save results in a new test case
being added with the selected configuration. This process was repeated for all test types. In
addition, separate test cases were designed for creating a new empty sequence, adding all test
types to the sequence, deleting a sequence, deleting test cases, editing a sequence, importing
a test, importing a sequence, exporting a test, exporting a sequence, cloning a sequence, and
cloning a test. In total, 30 test cases were derived for the “test editor” feature. Out of these
30 test cases, 27 were prioritized and implemented as automated Robot Framework tests,
while the remaining test cases were kept for future automation due to being lower priority
and having some dependencies on still-evolving parts of the tool.

5.2.2 Test Design Principles Used

The following test design principles and techniques were used while defining the test cases:

• Equivalent Partitioning and Typical Values: Some parameters, such as duration or
number of repetitions, involved numerical input. Typical values from valid equivalence
classes were used to test these parameters, as the objective was to verify the function
using accepted inputs. For example, the “Short message” test has a parameter for
message text length, for which a typical length string was used to test its functionality.
The tests within this phase of the testing life cycle intentionally excluded tests with
extreme boundary values, as the aim was to test standard usage. However, this lack of
extensive tests is noted as part of future work.

• User Scenario Coverage: Every test case was created as a user scenario. For example,
the “Create ’Video Stream’” test simulates a user selecting and creating a video stream
test, setting a valid video URL and duration, saving the test, and verifying that inputs
are accepted. The last verification step is crucial to confirm the outcomes and make
sure that the success criteria mentioned in the Master Test Plan are met. This scenario-
based test design ensures that the list of steps mirrors how an end-user would utilize
the interface.
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• Independence: Test cases were designed to be mostly independent and re-runnable
in different orders. To save time, tests were designed not to fully tear down and set
up between every test, but rather between each suite. Test cases within a suite that
depended on other test cases were minimized, keeping the time it takes to run the
entire test suite in mind. This approach enabled regression execution while keeping
the total execution time of the suite down.

5.2.3 Test Case Structure

Each test case was designed to follow a structure, which includes the following:

Test Setup: Most of the setup required for a test, such as ensuring that the browser is
opened, the user is logged into the call manager, and the Test Editor page is open, is done
through the feature/suite-wide setup. Any additional setup specific to a test case is included
within the test case itself.

Documentation: Each robot test case was also documented with a short description. This
was included using the built-in [Documentation] in Robot Framework for each test. The
documentation includes what the test does and what it verifies. For example, in the test file
for creating a ’secret codes’ test, the documentation reads: “Creates a ’Secret codes’ test and
fills its parameters”.

Test Steps: The test steps, defined from the derivation of the test case through a user sce-
nario, include each action that needs to be performed by the automation. This includes
actions such as clicking on a button, inputting text, waiting for objects to become visible,
selecting an object from a list, and reading values for verification. These directly map to
Robot Framework keywords.

Expected Results and Verification: Each test case has a definition of the expected result
as mentioned in 5.1 Master Plan Drafting. These expected results need to be converted
to clear verification steps that result in the test case either passing or failing. This always
includes some concrete check, such as verifying that the sequence created appears in the
tool’s UI with the name assigned.

By using this structure to design test cases, it is ensured that each test case has clear steps
with clear expected outcomes. For every input action, there is either an observable result
in the UI or a log message produced for traceability. These detailed checks give the tester
confidence that a passing status truly means that the application behaved correctly.
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5.3 Automated Test Case Implementation using Robot Framework

The automated test case implementation using the Robot Framework, a keyword-driven test-
ing framework, with SeleniumLibrary involves creating a Robot test suite file and a resource
file [23]. The resource file contains shared keywords and definitions. The separation of a test
suite and resource file is done to keep the script maintainable and reusable.

5.3.1 Structure of Test Suite and Keywords

The test suite file includes all 27 test cases of the Test Editor feature under one suite. This file
utilizes Robot Framework’s Suite Setup and Teardown features, which handle the logging in
and opening and closing of the browser. For example, the Test1.robot file has a suite setup
that calls the keyword “Open and Login”. This keyword opens the Chrome browser and
performs the login steps of navigating to the URL, handling the interstitial pages, entering
the username and password, and navigating to the Test Editor page. This test suite setup
allows every test to start with the system at the Test Editor interface, ready to test. The suite
teardown is, in this case, just closing the browser.

Within the resource file, variables for all UI locators and test data are defined. For exam-
ple, locators such as ${LOC_BTN_NEW_TEST} for the “Create new test”, and lists like
@{ALL_TEST_TYPES} for all test type names are created in the resource file. Having
these variables in one place makes maintenance easier, since if an element identifier changes,
it only needs to be updated in the resource file.

Within the Test Cases section of the test suite file, each test case was implemented as de-
signed in the Master Test Plan. For example, one of the test cases:

Create 'Airplane mode' test (with parameters)

[Documentation] Creates an 'Airplane mode' test and fills its

parameters. Does NOT teardown, so it remains for later.↪→

Select Test Case Type Airplane mode

Create New Test

Fill Parameters For Airplane mode

Verify Parameters For Airplane mode

${pair}= Create List Airplane mode ${TEST_NAME1}

Append To List ${CREATED} ${pair}

Log Created Airplane mode: ${TEST_NAME1}

Many of the custom keywords used, such as “Select Test Case Type”,“Create New Test”,
“Fill Parameters for Airplane mode”, and “Verify Parameters for Airplane mode”, are defined
in the resource file. For example, “Select Test Case Type” is defined in the resource file as:
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Select Test Case Type

[Arguments] ${label}

Wait Until Element Is Visible ${LOC_TEST_TYPE_SELECT}

Wait Until Keyword Succeeds 10s 0.1s Click Element

${LOC_TEST_TYPE_SELECT}↪→

Wait Until Keyword Succeeds 10s 0.5s Select From List By Label

${LOC_TEST_TYPE_SELECT} ${label}↪→

This keyword waits until the drop-down is visible and then repeatedly attempts to click and
select the correct test type label from the list until it succeeds. The keyword is parameterized
to accept any test type label, so it is reused for all tests by just using different labels.

“Create New Test”, another custom-defined keyword, is defined as:

Create New Test

${name}= Generate Random String 8 [LETTERS]

Set Test Variable ${TEST_NAME1} ${name}

Wait Until Element Is Visible ${LOC_BTN_NEW_TEST}

Click Element ${LOC_BTN_NEW_TEST}

Wait Until Element Is Visible ${LOC_INPUT_NEW_SEQUENCE}

Set Focus To Element ${LOC_INPUT_NEW_SEQUENCE}

Click Element ${LOC_INPUT_NEW_SEQUENCE}

Input Text ${LOC_INPUT_NEW_SEQUENCE} ${TEST_NAME1}

Click Modal OK

Wait Until Page Contains Element

xpath=//span[normalize-space()="${TEST_NAME1}"]↪→

[Return] ${TEST_NAME1}

The keyword generates a random name using the built-in “Generate Random String” key-
word. This has two purposes. Firstly, the software tested requires unique test names, so
creating a randomized 8-character name ensures that there will be no conflicts due to dupli-
cate names. Secondly, randomizing the name ensures that it is not hard-coded, making the
test more robust. After creating the random name, the keyword adds it to a variable, clicks on
the button to create a new test, sets focus on the element, clicks on it, enters the randomized
string, clicks OK, and in the end verifies that the created test exists. The keyword “Click
Modal OK” is another custom keyword defined in the resource file:

Click Modal OK

Wait Until Element Is Visible ${LOC_MODAL_OK}

Click Element ${LOC_MODAL_OK}

Wait Until Element Is Not Visible ${LOC_MODAL_OK}
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This “Click Modal OK” is also used many times throughout keywords since the web element
locator for the OK button is consistent throughout many functions.

5.3.2 Input Handling and Verification

The last two custom keywords involved in creating the Airplane mode test case are “Fill
Parameters For Airplane mode” and “Verify Parameters For Airplane mode”. Both of these
are specific to the test case type. A version of the input handling is shown below:

Fill Parameters For Airplane mode

[Documentation] Fills parameters for the 'Airplane mode' test.

# Action: Disable

Wait Until Element Is Visible name:onOff

Select From List By Value name:onOff enable

Click Element ${LOC_BANNER}

# Duration (s): 3

Type And Commit id:duration 3

Click Element ${LOC_BANNER}

# Check attach: Disable

Wait Until Element Is Visible name:attachCheck

Select From List By Value name:attachCheck enabled

Click Element ${LOC_BANNER}

# Attach wait timeout (s): 31

Force Focus And Clear id:attachTimeout

Type And Commit id:attachTimeout 31

Click Element ${LOC_BANNER}

# Number of retries: 2

Force Focus And Clear id:attachRetries

Type And Commit id:attachRetries 2

Click Element ${LOC_BANNER}

Save Test Changes

Some custom helper keywords are used in these input handlers. For example, in the “Fill Pa-
rameters For Airplane mode” keyword shown above, in order to avoid errors while entering
text into any field, the script must wait for the input field to become visible, clear the text in
the input field, and then enter the text. Due to some input text fields creating a pop-up, the
script must also focus somewhere else. All of these steps required are incorporated into the
custom keyword “Type And Commit”:

Type And Commit

[Arguments] ${locator} ${text}
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Wait Until Element Is Visible ${locator}

Clear Element Text ${locator}

Input Text ${locator} ${text}

Click Element ${LOC_BANNER}

An issue that can arise with this simple “Type And Commit” keyword is that some text fields
are not properly cleared by the clear element text built in the SeleniumLibrary keyword. This
was fixed using a more forceful clearing keyword:

Force Focus And Clear

[Arguments] ${locator}

Wait Until Element Is Visible ${locator}

Set Focus To Element ${locator}

Click Element ${locator}

Press Keys ${locator} BACKSPACE

Press Keys ${locator} BACKSPACE

Press Keys ${locator} BACKSPACE

This “Force Focus and Clear” keyword manually clears text using keyboard events. This
keyword was only used for parameters where there was already a default value.

After parameters are set, they are verified by the custom keyword, “Verify Parameters For
Airplane mode”:

Verify Parameters For Airplane mode

Value Should Be name:onOff enable

Value Should Be id:duration 3

Value Should Be name:attachCheck enabled

Value Should Be id:attachTimeout 31

Value Should Be id:attachRetries 2

This verification keyword utilizes the custom keyword “Value Should Be” to check that the
values of the elements changed in the test case are as expected:

Value Should Be

[Arguments] ${locator} ${expected}

Wait Until Element Is Visible ${locator}

${val}= Get Element Attribute ${locator} value

Should Be Equal As Strings ${val} ${expected}

The keyword is reused for all test case verifications and thus enforces consistent verification
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across all parameter fields.

5.3.3 Handling Dynamic Behavior and Waits

An issue that was faced was the dynamic and sensitive nature of Web UIs. To combat this,
appropriate waits were integrated systematically to make the automation reliable. This can
be seen in many examples presented above. For example, in “Create new test” after clicking
on the new test button, a field shows up for entering a test name, but this does not appear
instantaneously; thus, the keyword “Wait Until Element Is Visible” is used to prevent errors
from the script attempting to enter text into a non-existing text field.

Another issue that arose during the Robot Framework implementation was pop-ups blocking
certain actions. To fix this, a custom keyword “Click Element Safely” which contained
another custom keyword “Auto Dismiss Popups” was created. This would attempt to close
any modal that would pop up. These pop-ups are not necessary due to errors, as they are also
created each time a successful action, such as creating a test case, is completed. Adding this
ensured that the script would not get stuck due to an incidental modal.

5.3.4 Drag-and-Drop Implementation

For the Test Editor feature, a drag-and-drop is used to add test cases to a created sequence.
An issue that arose during the drag-and-drop implementation was that the element of the
target field for the drag-and-drop changes after adding the first test case. Thus, the current
implementation uses a different target field for adding the first test case than for adding all
other test cases to the sequence. The first test case uses the “drop here” target while the rest
use a small loop with the name of the first test case added as the target. The names of the
test cases were fetched from the list, “@CREATED”, which was appended to after each test
case creation.

The implementation of the drag-and-drop test is thus:

Add all created tests into the sequence (D&D)

[Documentation] First drop goes to the placeholder; subsequent drops

go onto the first test's name shown in the sequence.↪→

# First test - placeholder target

${first_pair}= Get From List ${CREATED} 0

${first_type}= Get From List ${first_pair} 0

${first_name}= Get From List ${first_pair} 1

Select Test Case Type ${first_type}
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Wait Until Page Contains Element

xpath=//span[normalize-space()="${first_name}"]↪→

Click Element xpath=//span[normalize-space()="${first_name}"]

Sleep 0.3s

Drag And Drop xpath=//span[normalize-space()="${first_name}"]

${LOC_DND_TARGET}↪→

# Wait until the first test is loaded inside the sequence

(button.test-case-name)↪→

${SEQ_DROP_TARGET}= Set Variable

xpath=//button[contains(@class,'test-case-name') and

normalize-space(.)="${first_name}"]

↪→

↪→

Wait Until Page Contains Element ${SEQ_DROP_TARGET}

# Remaining tests - drop on the first test's name inside the sequence

FOR ${pair} IN @{CREATED}

${type}= Get From List ${pair} 0

${name}= Get From List ${pair} 1

Run Keyword If "${name}" == "${first_name}" Continue For Loop

Select Test Case Type ${type}

${src}= Set Variable xpath=//span[normalize-space()="${name}"]

${dst}= Set Variable

xpath=//button[contains(@class,'test-case-name') and

normalize-space(.)="${first_name}"]

↪→

↪→

Wait Until Page Contains Element ${src}

Sleep 0.1s

Click Element ${src}

Sleep 0.3s

Drag And Drop ${src} ${dst}

Wait Until Page Contains Element

xpath=//button[contains(@class,'test-case-name') and

normalize-space(.)="${name}"] 5s

↪→

↪→

END

Save Sequence

This approach allows the drag-and-drop mechanic to remain constant even when the UI
changes after the first item has been added to the sequence.
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5.3.5 Reusability

A key design goal of the implementation was to create a reusable and maintainable automated
suite that would be able to adapt as the Call Manager tool evolves. To support this, the
following methods were applied:

• Keyword abstraction: Actions that are repeated throughout tests, such as logging in,
navigating to the Test Editor, selecting a test case, entering text, verifying values, and
handling pop-ups, were scripted into reusable Robot keywords in the resource file.
This allows the next test cases and test suites to be made using existing keywords,
requiring only the addition of test-specific data, decreasing the development time of
new automated tests. Some keywords, such as logging into the Call Manager, opening
a browser, dismissing pop-ups, and clicking modal elements, are also generic to the
entire Call Manager tool, not just the test editor. Thus, these keywords and resource
files can be used when developing test cases for an entirely different feature.

• Centralized locators: All locators for the UI and most test data were defined as vari-
ables within the resource file, not the test suite. This ensures that if the UI changes,
causing an element ID or XPath to change, only a single variable within the resource
file will need to be changed. This decreases maintenance time.

• Separation of low-level keywords: The resource file hosts most of the low-level key-
words and technical details, while the test suite encapsulates the high-level test se-
quences. This separation of levels improves readability, making it easier for a test
engineer inexperienced in test automation and Robot Framework to modify tests only
requiring simple changes.
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6 Results and Analysis

This section provides the results, the detailed analysis of the results, and the limitations. Sec-
tion 6.1 shows the summary of executed test cases and timings, while Section 6.2 highlights
the results in the context of the research question, CI/CD cycle, and the limitations of the
study.

6.1 Executed Test Cases and Outcomes

Using Robot Framework and the internal TAM, automated test scripts are developed to per-
form a suite of 27 test case operations on the call manager tool. These test cases covered
various functions, such as logging in as a user, creating different types of test cases, creating
a sequence, adding tests to a test sequence, deleting tests, and deleting sequences. In total,
27 cases were covered by the automated test suite. These were structured into individual
Robot Framework test cases as described in Section 5.

The test run was executed in a controlled test environment through a TAM, which allowed for
consistent conditions for the measurement of performance. According to the Robot Frame-
work logs received from the TAM, all 27/27 test cases passed, and no errors were observed
during repeated runs.

For the manual benchmark, the same 27 test cases were executed by three experienced tele-
coms test engineers. Each engineer followed the identical test steps and recorded their screen
using Microsoft Teams. The recordings were then used to find the start and end time stamps
of each test case.

6.1.1 Per-Test Execution Times

Table 1 and Table 2 show the time elapsed per test and the accumulated time from each test
for the automated and manual runs. The per-test times for the automated runs were found
from the Robot Framework logs, and the cumulative time was derived by summing up the
elapsed time of each test case. The values for the manual run represent the average of the
three testers’ measured times.
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Table 1: Automated run: per-test elapsed time and cumulative elapsed time.

Test Time (s) Cumulative
Time (s)

Log in and navigate to test editor 16.865 16.865
Create sequence (once) 1.645 18.510

Create ’Airplane mode’ test (with parameters) 7.197 25.707
Create ’Cell and band lock’ test (with parameters) 18.840 44.547
Create ’Device throughput’ test (with parameters) 4.550 49.097

Create ’FTP’ test (with parameters) 6.055 55.152
Create ’ICMP ping’ test (with parameters) 7.848 63.000

Create ’Iperf’ test (with parameters) 3.138 66.138
Create ’Load web page’ test (with parameters) 3.545 69.683

Create ’L3 logging’ test (with parameters) 7.337 77.020
Create ’Mobile data state’ test (with parameters) 3.320 80.340

Create ’Secret codes’ test (with parameters) 6.645 86.985
Create ’SFTP’ test (with parameters) 5.837 92.822

Create ’Short message’ test (with parameters) 4.686 97.508
Create ’Speedtest’ test (with parameters) 3.241 100.749
Create ’TCP ping’ test (with parameters) 4.320 105.069

Create ’TCP profile’ test (with parameters) 5.734 110.803
Create ’TCP dump’ test (with parameters) 6.905 117.708
Create ’UDP ping’ test (with parameters) 5.519 123.227
Create ’Video call’ test (with parameters) 3.415 126.642

Create ’Video stream’ test (with parameters) 4.529 131.747
Create ’Voice call’ test (with parameters) 4.759 136.506

Create ’WAF keyword’ test (with parameters) 6.216 142.722
Add all created tests into the sequence (D&D) 40.483 183.205

Delete sequence 45.171 228.916
Delete all test types 2.407 231.323

Close browser 1.441 232.764

Total time 232.764
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Table 2: Manual run: average per-test elapsed time and cumulative elapsed time.

Test Time (s) Cumulative
Time (s)

Log in and navigate to test editor 27 27
Create sequence (once) 7 34

Create ’Airplane mode’ test (with parameters) 23 57
Create ’Cell and band lock’ test (with parameters) 55 112
Create ’Device throughput’ test (with parameters) 17 129

Create ’FTP’ test (with parameters) 35 164
Create ’ICMP ping’ test (with parameters) 30 194

Create ’Iperf’ test (with parameters) 20 214
Create ’Load web page’ test (with parameters) 19 233

Create ’L3 logging’ test (with parameters) 23 256
Create ’Mobile data state’ test (with parameters) 19 275

Create ’Secret codes’ test (with parameters) 39 314
Create ’SFTP’ test (with parameters) 30 344

Create ’Short message’ test (with parameters) 28 372
Create ’Speedtest’ test (with parameters) 29 401
Create ’TCP ping’ test (with parameters) 22 423

Create ’TCP profile’ test (with parameters) 23 446
Create ’TCP dump’ test (with parameters) 40 486
Create ’UDP ping’ test (with parameters) 37 523
Create ’Video call’ test (with parameters) 21 544

Create ’Video stream’ test (with parameters) 21 565
Create ’Voice call’ test (with parameters) 22 587

Create ’WAF keyword’ test (with parameters) 34 621
Add all created tests into the sequence (D&D) 126 748

Delete sequence 18 766
Delete all test types 146 912

Close browser 5 917

Total time 917

Across all test cases in the Test Editor feature, automated tests ran faster than manual execu-
tions. Simple test creation takes in the order of a few seconds for the automated execution
and in the order of tens of seconds for the manual runs. More complex tests, such as drag
and dropping all tests into a sequence, showed a larger difference, with the automation taking
tens of seconds and the manual run taking over 100 seconds on average.
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Figure 7 plots the total time elapsed presented in Table 1 and Table 2, along with the 27 tests
completed within the testsuite. The two lines separate steadily throughout the test steps,
showing that the time saved increased with each test step.
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Figure 7: Time Elapsed In Manual vs. Automated Test Run

Figure 8 is an overlapping bar chart that overlays the automated and manual times per test.
The chart makes it visually clear that automation is faster at executing every test case than a
manual run.
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6.1.2 Difference in Productive and End-to-End Time

The automated runs did include some testsuite setup and teardown time, which ensures that
logs are collected and reported, which increases the full testsuite time. Thus, it is important
to distinguish between productive and end-to-end test time, where productive test time is the
sum of elapsed time of individual test cases, as shown in Table 1, and end-to-end time refers
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to the real duration of running the entire suite, including suite setup and teardown.

The total end-to-end time elapsed for both manual and automated test runs can be seen in
Table 3. The productive test time of the automated run is about 232.8 seconds, and the
end-to-end time is 341.0 seconds. For the manual benchmark, the total productive test time,
which is an average of three different test engineers’ times, for the 27 test cases, is about
917.0 seconds.

Table 3: Baseline execution totals.

Metric Value

Manual total time [s] 917.000
Automated (productive test steps) [s] 232.764

Automated (end-to-end suite) [s] 341.009

This increase in run times from 232.8 seconds to 341.0 seconds due to Robot Framework’s
setup and teardown, as seen in Table 4, accounts for an overhead of 32%. This means that
it accounts for 32% of the total end-to-end test time for the automated run. This overhead is
relatively constant per test suite, regardless of the number of tests in the suite.

Table 4: Automated suite: productive time vs. overhead.

Metric Value

Total with everything (end-to-end) [s] 341.009
Total with just productive test cases [s] 232.764

Overhead [s] 108.245
Overhead share [%] 32%

6.1.3 Speed-Up and Time Savings

Table 5 includes the absolute value of time saved, the speedup factor, and the percent re-
duction of automated testing, considering both the productive and end-to-end time elapsed.
When comparing the productive automated time to the manual benchmark, the speedup
achieved by using automation is 3.9, and the time reduced is about 75%. When compar-
ing the end-to-end automated time to the manual productive time, the automation speeds up
the execution by a factor of 2.7 and reduces the time by 63%.
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Table 5: Time savings and speedups vs. manual baseline.

Metric Value

Time saved (manual vs. automated productive) [s] 684.236
Time saved (manual vs. automated end-to-end) [s] 575.991

Percent reduction (productive) [%] 75%
Percent reduction (end-to-end) [%] 63%

Speedup factor (productive) [×] 3.940
Speedup factor (end-to-end) [×] 2.689

Since these tests from the “Test Editor” feature of the Call Manager will be run within a
testing regression cycle, it is informative to also consider how the time savings scale over
repeated runs in different regression cadences. Table 6 shows the total manual and automated
suite time per week, per business quarter, and per year, assuming that the tests are run at a
weekly regression cadence.

Table 6: CI/CD (weekly): end-to-end suite time and savings vs. manual.

Period Manual [s] Auto (E2E)
[s]

Saved [s] Reduction
[%]

Speedup
[×]

Per run (weekly) 917.000 341.009 525.991 62.8 2.689
13-week quarter 11921.000 4433.117 7487.883 62.8 2.689

52-week year 47684.000 17732.468 29951.532 62.8 2.689

Table 7 shows the same calculation findings based on the productive test times.

Table 7: CI/CD (weekly): productive in-test time and savings vs. manual.

Period Manual [s] Auto (pro-
ductive) [s]

Saved [s] Reduction
[%]

Speedup
[×]

Per run (weekly) 917.000 232.764 684.236 74.6 3.940
13-week quarter 11921.000 3025.932 8895.068 74.6 3.940

52-week year 47684.000 12103.728 35580.272 74.6 3.940

Lastly, Table 8 provides some potential time saved per run, per year, and total workdays
saved per year using some simple scenarios of it requiring 0, 2, or 5 minutes of manual effort
per automated test.
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Table 8: Tester time saved by automation (assumed oversight per run scenarios).

Assumed effort per run Human time [s] Saved per
run [s]

Saved per
year [h]

Workdays/yr
(7.5h)

Unattended (0 min) 0 917 13.25 1.77
Light check (2 min) 120 797 11.51 1.53

Triage (5 min) 300 617 8.91 1.19

The table assumes that manual execution requires full effort and attention, while an auto-
mated run should be unattended or only require some small amount of oversight per run.
The projections of human effort are hypothetical, but indicate the potential long-term impact
of automation on a product’s testing effort.

6.2 Discussion of Results and Limitations

This section discusses the interpretation of results in the context of the research question and
the implications they have on testing within a CI/CD cycle. The section also explores the
limitations and their effects on the validity of the results.

6.2.1 Analysis of execution-time results

The main quantitative finding of this case study is that the automated test suite for the Test
Editor feature runs much faster than the identical manual tests. In terms of productive testing
time, the automated suite completes 3.9 times faster than the manual case, corresponding to
a decrease in execution time of 75%. Even when taking the test setup and teardown into
account, the total end-to-end test time is still 2.7 times faster, corresponding to a reduction
in execution time of 63%.

As mentioned in the previous section, when looking at the time elapsed comparison per test,
it is clear that automation is faster at every test case than manual execution, but the difference
in run times is much greater in more complex test cases. Tests with more GUI interactions,
such as the drag and drop function and the deletion of all tests, had the largest reduction in
execution time. Large operations are especially well-suited for automation since they are
repetitive.

These results directly answer the second part of the research question. The automated test
suite clearly increases efficiency over manual execution for the selected Test Editor feature
test cases. The results also reassert the statements from the theoretical background that
automation is beneficial, especially for regression scenarios, which are run frequently and
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involve many GUI interactions.

6.2.2 Implications for CI/CD and tester effort

The predicted CI/CD values in Tables 6 and 7 present how per-run time saving and human
effort saved accumulate over repeated regression-type testing. Assuming a CI/CD cycle of
a week and thus a weekly regression testing cadence, the automation reduced the total end-
to-end testing time by several hours per year. While this may appear minor, it is crucial to
note that the current suite only covers a subset of tests within one of many features of one of
many tools. As additional features within the Call Manager tool and also additional tools are
developed, the aggregate savings become much more significant.

Since the test case is automated, assuming that a test engineer would need to be attentive
during the entire automated test case is very unrealistic, especially since the automated test
cases will be integrated into the CI/CD cycle, which also automates the test initialization,
log taking, and reporting process. This would essentially reduce a test engineer’s effort
for the automated testing suite to 0%. Unfortunately, this is a dangerous oversimplification
since there will always be some test case maintenance or evolution required, and if a test
case fails, there needs to be some root cause analysis. Assuming this scenario of automated
executions running mostly unattended with only brief oversight of a couple of minutes per
run for the issues mentioned, the yearly tester time saved is estimated to reach around one to
two workdays saved per year, even for this small test suite (8). This would free up time for
more exploratory or system-level testing activities, which are more difficult to automate.

The implications mentioned are consistent with the theoretical intended role of automation
in agile and CI/CD contexts, where automated regression test suites are faster and also, more
importantly, allow tests to be run at an increased cadence without linearly increasing the
human tester effort. This means that the automated Test Editor test suite can be executed
each sprint or on each change in code without increasing the effort required, which ultimately
shortens the feedback loop, allowing bugs to be found earlier in the code and thus embracing
the shift-left mindset.

6.2.3 Reliability and maintainability

While this thesis mainly focuses on the quantitative comparison of execution time, automa-
tion also affects other aspects, such as reliability and maintainability. Reliability is positively
affected by the automation since each step is executed in each run identically, reducing any
potential for human errors, such as missing a test step or passing a test that should be failed.
The automation is hypersensitive to subtle deviations, which can be very beneficial in regres-
sion testing.
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Automation does offer great maintainability since it uses low-level Robot Framework key-
words, which can be easily edited within one resource file if there is a change in a web
element’s location or ID, a pop-up, or backend changes requiring some additional waits. The
keyword-driven testing approach also improves readability, increasing the accessibility for
any test engineer to edit and review the automation.

Due to the hypersensitivity mentioned earlier, automation does bring in some additional
maintenance costs. If there are large changes in the GUI, such as the layout, many element
identifiers, or entire workflows, the entire test automation script can break. Keeping the
automation test stable and running thus requires ongoing maintenance efforts. This mainte-
nance is not captured within the execution time metrics, but is still important to keep in mind
when evaluating the total cost-benefit of automated testing.

6.2.4 Limitations

The results presented in this thesis have some limitations that impact the reliability of the
results:

Firstly, the measurements are subject to a subset of tests from a single feature of a single tool
in a single telecommunication verification company. The absolute value results of the speed-
ups cannot be generalized directly to other test cases within the Test Editor feature, Call
Manager features, other tools, other companies, or other industries without direct empirical
evidence.

Second, the automated test suite covered 27 relatively short GUI-level Test Editor workflows.
Longer, more complex end-to-end tests, such as executing a configured test against UE, were
out of this thesis’s scope. Most likely, these longer tests would benefit much more from
automation, but this has not been empirically measured in this thesis.

Third, the manual benchmark in this study is based on tests executed in a controlled setting
by three experienced test engineers. Although this does provide some robustness against
individual variations, the sample size is small, and the testers were aware that their execution
times were recorded, which potentially impacted them to test faster or more carefully than in
a normal regression run.

Fourth, the quantitative comparison exclusively focused on execution time. There was no
measurement of time required to design and implement the automated test cases, the time re-
quired for maintenance of the Robot script throughout the tool’s lifecycle, or the efficiency of
detecting defects by manual versus automated testing. Therefore, the results cannot prove by
themselves that automation is universally cheaper or more effective in all measurable ways.
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The results should be interpreted to show that automation can execute test steps substantially
faster than manual testing for the selected Test Editor workflows.

Lastly, the yearly effort saving projections assume a weekly regression cadence and a con-
sistent environment. In practice, the regression cadence, available infrastructure, and envi-
ronment usage may vary between projects and even between tests since they can change over
time.

Despite these limitations, this case study delivers empirical evidence that the Test Editor fea-
ture for the Call Manager can be automated using Robot Framework and the internal TAM,
and that the automation of tests substantially reduced execution time by 60-70% depending
on whether the suite overhead is included, compared to manual testing.
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7 Conclusion

With the increasing complexity of software within the telecommunication industry and a con-
tinuous shift toward agile SDLCs, including CI/CD practices, test organizations are required
to perform more frequent regression testing without increasing manual effort proportionally.
The GUI-based workflows of the Call Manager tool used for managing and configuring test
scenarios are time-consuming, repetitive, and prone to human error when tested manually.
This thesis has addressed this problem by designing and implementing a Robot Framework
test suite for the Test Editor feature orchestrated by an internal TAM and by quantitatively
comparing the execution efficiencies.

7.1 Summary of Results

The main objective of this thesis was to plan and implement an automated test suite for the
Test Editor feature of the Call Manager tool using Robot Framework and an internal TAM,
and to quantitatively compare the execution efficiency of the automated suite against manual
execution.

To complete these objectives, a Master Test Plan was created together with the technical lead
of the Call Manager. The test plan defined the most important Test Editor workflows and
their objectives, preconditions, test steps, and expected results. Based on this plan, 27 GUI-
level Test Editor workflows were chosen to be further designed into test cases. The objective
of each test case was to verify one user-facing workflow of the test editor, such as creating a
specific test, creating a sequence, or deleting items.

These 27 cases were then implemented with Robot Framework. A single test suite with
a shared resource file was created. The resource file included web element locators, test
data, and custom higher-level keywords, including keywords to deal with the dynamic UI
behavior, popups, and input-handling. The test suite was executed using an internal TAM,
which orchestrated the execution and logging of the Robot XML and HTML log files. The
manual benchmark was created by having three experienced telecom test engineers execute
the exact same test and test steps, while recording their screens for later collection of test
timing.

The quantitative comparison of the execution timing results shows that the automated suite
greatly outperforms the manual execution for the selected 27 workflows of the test editor.
When looking at the productive test time, the automated run completed in about 233 seconds,
and the manual execution in about 917 seconds. Thus, the automated run ran 75% quicker,
corresponding to a speed-up factor of 3.9. When also accounting for the test suite setup
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and teardown time of the automated test case, the end-to-end execution time was about 341
seconds, corresponding to a speedup factor of 2.7, meaning that the execution time of the
automated test suite was 63% of the corresponding manual run.

The per-test analysis shows that every individual test case was run quicker using automation
than manual execution. The difference in execution time was the largest for longer and more
complex workflows, such as the drag-and-dropping of all tests into the sequence or deleting
all created test types. The extrapolation of these results to a weekly regression cadence shows
that the automation can save several hours per execution time per year, even for this limited
Test Editor suite. When taking into account the human effort required, the potential effort
savings are in the order of one to two working days. This assumes that only light oversight is
required during the automation run, and thus, the potential effort saved would greatly scale
as further tests are added for other features and tools.

This study also highlights the qualitative benefits of automation. Since automated scripts
run exactly the same steps each time in a deterministic and consistent manner, the risk of
human errors, such as missing a test step or misrunning a test step, is eliminated. However,
automation introduces some maintenance costs for keeping the automation maintained when
any significant changes are made to the UI or any functions. These qualitative aspects should
also be considered when integrating an automated testing suite into a larger test strategy.

Within the limitations presented in Section 6, this thesis shows that:

• the Test Editor Feature of the Call Manager tool can be automated using Robot Frame-
work and an internal TAM

• for the selected GUI level regression tests, this automation results in significant exe-
cution time reductions compared to manual testing, while also supporting consistent
testing within a higher regression cadence.

7.2 Future Work

While this thesis achieves the objectives defined, there are still many opportunities for future
work:

Expanding test coverage Since this thesis only covers the automated testing for UI testing
of the feature “Test Editor”, future work should extend the automated test coverage. This
could include testing other features and tools, and also expanding the current tests to include
negative, boundary value, and robustness tests.
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Integration with CI/CD cycle The test cases have been planned, designed, and imple-
mented using Robot Framework, but they have not been fully integrated into the CI/CD
cycle. Future work could involve integrating the test into the continuous integration cycle
and setting these tests up to automatically run on each new build or deployment for the Call
Manager tool. The logs from Robot Framework should then be archived by the CI/CD soft-
ware, such as Jenkins or GitLab CI. This would fully realize the benefits of the created Robot
scripts, as it would fully automate the process, giving rapid feedback to the developers. It
would also be more insightful to compare the completely automated test execution and re-
porting efforts to the fully manual execution and reporting, since this would entirely show
the amount of resources saved in a real-world day-to-day development cycle.

Testing beyond UI Since this thesis only covers the automated testing for UI level testing
of the Test Editor feature, future work should extend the testing area to backend testing of the
APIs or databases. This could catch issues that the UI test would miss and also add another
layer of validation that, for example, a test case was actually created, not only in the UI but
also in the database. Thus, combining GUI and non-GUI level tests would provide greater
assurance for the tool.

Performance and load testing The current measured tests are based on testing functional-
ity. Additional future work could include the addition of performance and load testing, such
as checking the behavior of the tool when a large number of tests and UEs are configured.
These non-functional tests could reuse much of the current Robot Framework keywords de-
fined in the resource file and could potentially improve the detection of failures greatly.

Maintenance and evolution As the tool tested changes and evolves, the test suite also
needs to evolve. This means that future work includes the maintenance of the test suite. This
could be as simple as updating locators, or more complex, like adding new test cases for any
new features added to the Call Manager tool. A longer-term study, including the effect that
maintenance and evolution efforts have on the time saved using automated testing within the
CI/CD cycle, would be more beneficial for a full cost-benefit analysis.

Parallelization of tests To further increase efficiency, future work can include some par-
allelization of tests, in which some test cases or entire suites could run in parallel across
multiple SUTs or executors. The end-to-end duration of a testing cycle could be signifi-
cantly reduced using this method, and it would more closely represent a large-scale software
testing lifestyle within an agile development environment.

Documentation and training Clear documentation or training for future testing is crucial
as these tests become a part of the CI/CD cycle, since maintenance and evolution of the
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test suite and resources will become unavoidable. Future work could include creating doc-
umentation, including an explanation of the keyword library written in the resource files, a
contribution guide, a clear test case to requirement mapping, and a dynamic document for
future work.

These suggestions for future work would greatly extend the thesis from a focused case study
to a more generalizable and comprehensive automation strategy and analysis of cost-benefit
for the Call Manager tool and other similar telecommunication products.



57

References

[1] International Software Testing Qualifications Board, “ISTQB Certified Tester Founda-
tion Level Syllabus, Version 4.0,” 2024, online; accessed 2025.

[2] ISO/IEC/IEEE 29119-4:2021 Software and Systems Engineering – Software Testing –

Part 4: Test Techniques, ISO/IEC/IEEE Std., 2021.

[3] K. Schwaber and J. Sutherland, “The Scrum Guide,” 2020, online; accessed 2025.

[4] Robot Framework Foundation, “Robot Framework User Guide,” 2024, online; accessed
2025.

[5] G. J. Myers, C. Sandler, and T. Badgett, The Art of Software Testing, 3rd ed. John
Wiley & Sons, 2011.

[6] ISO/IEC/IEEE 29119-1:2022 Software and Systems Engineering – Software Testing –

Part 1: Concepts and Definitions, ISO/IEC/IEEE Std., 2022.

[7] ISO/IEC 25010:2011 Systems and Software Engineering – Systems and Software Qual-

ity Requirements and Evaluation (SQuaRE) – System and Software Quality Models,
ISO/IEC Std., 2011.

[8] OWASP Foundation, “OWASP Top Ten 2021: The Ten Most Critical Web Application
Security Risks,” 2021, online; accessed 2025.

[9] World Wide Web Consortium, “Web Content Accessibility Guidelines (WCAG) 2.2,”
2023, online; accessed 2025.

[10] International Software Testing Qualifications Board, “ISTQB Certified Tester Founda-
tion Level Syllabus,” 2018, online; accessed 2025.

[11] P. Ammann and J. Offutt, Introduction to Software Testing, 2nd ed. Cambridge Uni-
versity Press, 2016.

[12] M. Grindal, J. Offutt, and S. F. Andler, “Combination Testing Strategies: A Survey,”
Software Testing, Verification and Reliability, vol. 15, no. 3, 2005.

[13] R. Craig and S. P. Jaskiel, Systematic Software Testing. Artech House, 2002.

[14] S. Balaji and M. S. Murugaiyan, “Waterfall vs. v-model vs. agile: A comparative study



58

on SDLC,” International Journal of Information Technology and Business Manage-

ment, vol. 2, no. 1, pp. 26–30, 2012.

[15] K. Beck et al., “Manifesto for Agile Software Development,” 2001, online; accessed
2025.

[16] ISO/IEC/IEEE 29119-3:2021 Software and Systems Engineering – Software Testing –

Part 3: Test Documentation, ISO/IEC/IEEE Std., 2021.

[17] ISO/IEC/IEEE 29119-2:2021 Software and Systems Engineering – Software Testing –

Part 2: Test Processes, ISO/IEC/IEEE Std., 2021.

[18] International Software Testing Qualifications Board, “Standard Glossary of Terms Used
in Software Testing,” 2015, online; accessed 2025.

[19] M. Daigl and R. Rohner, Keyword-Driven Testing: Grundlage für effiziente Testspezi-

fikation und Automatisierung. Heidelberg, Germany: dpunkt.verlag, 2022.

[20] Selenium Project, “Selenium WebDriver Documentation,” 2024, online; accessed
2025.

[21] Robot Framework Foundation, “SeleniumLibrary Keyword Documentation,” 2024, on-
line; accessed 2025.

[22] IEEE Std 829-2008: IEEE Standard for Software and System Test Documentation,
IEEE Std., 2008.

[23] ISO/IEC/IEEE 29119-5:2016 Software and Systems Engineering – Software Testing –

Part 5: Keyword-driven Testing, ISO/IEC/IEEE Std., 2016.


	Table of contents
	Lists of figures and tables
	Introduction
	Problem Statement

	Theoretical Background
	Software Testing Fundamentals & Levels
	Test Typologies and Test-Case Design Techniques
	Test Types
	Test-Case Design Techniques

	Software Development and Testing Life Cycles
	Software Development Life Cycles (SDLC)
	Test Planning, Design, and Implementation
	Test Environment, Execution, and Reporting

	Automated Testing Tools
	Robot Framework
	Selenium WebDriver
	Internal TAM


	System Overview
	Remote Control Tool
	TAM Architecture

	Methodology
	Research Approach
	Tools and Technologies Used
	Validation and Evaluation Methods
	Automated Test Execution Data
	Manual Execution Data
	Quantitative Comparison and Validity of Results


	Test Planning and Implementation
	Master Test Plan Drafting
	Test Case Design
	Derivation of Test Cases
	Test Design Principles Used
	Test Case Structure

	Automated Test Case Implementation using Robot Framework
	Structure of Test Suite and Keywords
	Input Handling and Verification
	Handling Dynamic Behavior and Waits
	Drag-and-Drop Implementation
	Reusability


	Results and Analysis
	Executed Test Cases and Outcomes
	Per-Test Execution Times
	Difference in Productive and End-to-End Time
	Speed-Up and Time Savings

	Discussion of Results and Limitations
	Analysis of execution-time results
	Implications for CI/CD and tester effort
	Reliability and maintainability
	Limitations


	Conclusion
	Summary of Results
	Future Work


