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Unit testing is a fundamental software engineering practice that supports early defect
detection, improves software reliability, and facilitates long-term maintainability. Despite
its importance, many open-source Python projects lack sufficient or high-quality unit tests.
This thesis investigates unit testing in the context of an open-source Python project with the
objective of designing, implementing, and evaluating unit tests using established quality
metrics.

The study follows the Design Science Research (DSR) methodology, where the developed
artefact consists of pytest-based unit tests implemented for the selected open-source project
OpenCAQDA. The implementation focuses on utility and service modules of the project and
applies established unit testing principles and best practices. Existing unittest-based tests
were analysed and used as a baseline for designing additional tests. The quality of the
implemented unit tests is evaluated using multiple complementary metrics derived from
prior research, including code coverage, unit test accuracy, and unit test code quality.

The results indicate that the implemented pytest-based tests improve code coverage from
approximately 27% to 57% for the selected modules and effectively detect faults in the tested
components. The evaluation also shows that test quality depends not only on coverage but
also on readability and maintainability. Overall, the thesis demonstrates that systematic unit
test implementation and multi-metric evaluation can enhance software quality in open-
source Python projects.
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1 Introduction

Software systems play increasingly important role in modern society by supporting critical
functions in areas such as communication, finance, healthcare, and scientific research. As
software systems becomes larger and more complex then it becomes harder to ensure their
correctness, reliability, and maintainability. We may face financial losses, safety risks, and
a loss of user trust if there are defects in a software system. Therefore, improving software

quality has become a central concern in software engineering.

According to Uddin and Anand (2019, 141-142), testing is an important part of the software
development process because it helps to ensure that the software meets its requirements and
works as expected. In the past, poor or insufficient testing has caused serious software
failures, showing that defects left undetected during development process can cause a
significant damage. To ensure quality, systematic testing is necessary so that the software

meets user expectations and performs as expected (Uddin and Anand 2019, 142).

Rafi et al. (2012, 1-2) emphasise that automated testing has become increasingly important
due to the modern development practices which requires frequent software changes and
rapid feedback. Automated tests can run repeatedly with minimal human effort which
improves efficiency and consistency. Empirical evidence suggests that automated testing
contributes to improved test coverage, repeatability, and reliability but it also requires careful

design and maintenance to remain effective (Rafi et al. 2012, 2).

Over the past few years, Python has become very popular programming languages,
especially among developers working on open-source projects, web development, and
datadriven domains. According to Srinath (2017, 354-355), Python’s popularity comes from
its simple syntax, good readability, and large collection of libraries. These features make
Python suitable for rapid development and collaborative software projects. However, even
though Python is widely used, many Python-based open-source projects lacks sufficient
automated unit tests, which can negatively impact software quality and maintainability
(Srinath 2017, 356). This thesis addresses this problem by focusing on unit testing of an

open-source Python project.



1.1 Background

Software quality reflects how effectively a software system meets both its requirement and
the expectations of its users. One important aspect of software quality is reliability which
describes the ability of a system to perform its intended functions consistently over time.
According to Uddin and Anand (2019, 142-143), lack of proper testing is a major cause of
unreliable software behaviour and expensive failures. For this reason, systematic testing
should be carried out throughout the development process to make the software more reliable

and prevent defects from reaching production.

Because modern software are becoming more complex and built faster than before, manual
testing alone is not sufficient. Rafi et al. (2012, 3-4) explain that automated testing allows
tests cases to be run in a consistent and repeatable way, which makes it particularly suitable
for regression testing. Automated tests reduces the effort required for repeated testing and
helps to detect the defects earlier, which improves the overall software quality. However,
automated testing also requires initial investment and continuous maintenance, which should

be considered when designing a testing strategy (Rafi et al. 2012, 4).

Python is a user-friendly, high-level programming language that prioritizes code readability.
according to Srinath (2017, 355), Python supports multiple programming paradigms and has
a wide range of libraries and frameworks. These features have helped Python to grow quickly
and become widely used in both industry and academic level. Due to its popularity in open-
source development, Python provides a relevant context for studying unit testing practices

and evaluating the quality of automated tests (Srinath 2017, 356).

1.2 Research Problem and Motivation

Although unit testing is commonly seen as a best practice in software development, many
open-source projects still do not have sufficient unit test coverage. Limited resources, time
pressure and different levels of experience among the contributors can lead to missing or

incomplete tests. As noted by Rafi et al. (2012, 2), lack of automated testing increases the



risk of defects and complicates maintenance, particularly as software systems evolve over

time.

The presence of unit tests alone does not guarantee high software quality. Uddin and Anand
(2019, 143) explain that poorly designed tests may fail to detect defects or provide a false
sense of correctness. Therefore, unit tests must be evaluated using systematic and
welldefined metrics, such as coverage, maintainability, and accuracy. Applying these
evaluation techniques in a real world open-source project helps to connect the gap between

practical implementation and theoretical testing principles.

1.3 Research Objectives and Questions

This thesis focuses on designing, implementing, and evaluating the unit tests for an open-
source Python project OpenCAQDA. The goal is to improve test coverage and assess the

quality of the implemented unit tests using established evaluation metrics.

To meet this objective, the thesis explores the following research questions:
a) How can unit tests be effectively implemented for an open-source Python project?
b) Which metrics are suitable for evaluating the quality of unit tests in Python projects?

c¢) How do the implemented unit tests perform in terms of coverage, quality, and

accuracy?

1.4 Research Method

This study follows the Design Science Research (DSR) approach. The DSR framework
focuses on developing practical solutions and assessing their effectiveness in addressing
identified challenges. In the context of this thesis, the developed artefact consists of unit tests

for an open-source Python project.

DSR is suitable for this study because it combines practical problem solving with systematic
evaluation. The research process includes identifying the lack of unit tests as a problem,
designing and implementing unit tests as a solution, and evaluating their quality using

established metrics derived from prior research.



1.5 Scope and Limitations

This thesis focuses on unit testing in one open-source Python project. Other types of testing,
such as integration testing and system testing, are not included in this study. The evaluation

is based on selected quality metrics and does not cover every aspect of software quality.

Because the research is conducted on a single project, the results cannot be assumed to
represent all Python projects. Different projects may use different structures, tools, and
testing practices, which can affect the outcomes. However, the study still provides useful
insights into how unit testing can be implemented and evaluated in open-source Python

software.

1.6 Thesis Structure

This thesis consists of six chapters. Chapter 1 introduces the topic, explains the research
problem, presents the research objectives, and describes the research method used in the
study. Chapter 2 reviews previous research related to unit testing, Python testing
frameworks, and test quality evaluation. Chapter 3 explains the research design and
describes how the Design Science Research approach is used in this work. Chapter 4 presents
the implementation of unit tests for the selected open-source Python project. Chapter 5
evaluates the implemented tests using the chosen quality metrics and discusses the results.
Finally, Chapter 6 summarizes the main findings of the study, discusses its limitations, and

suggests possible directions for future research.



2 Literature Review

Prior work in software testing is reviewed in this chapter, covering unit testing practices,
Python unit testing frameworks, techniques for automated unit test generation. And quality

assessment matrices.

2.1 Software Testing

Software testing plays an important role in software engineering because it helps ensure that
a software system works correctly and meets its intended requirements. Rather than being a
task performed only at the end of development, testing is carried out throughout the software
development process (Sommerville, 2016). By identifying defects at an early stage, testing
can reduce maintenance effort, improve software reliability, and help avoid costly problems

later.

According to Hooda and Chhillar (2015), software testing follows a structured process
known as the Software Testing Life Cycle (STLC). This process includes activities such as
planning the testing work, creating and executing test cases, recording defects, and reviewing
the results. Each activity contributes to improving software quality and increasing

confidence in the system.

Software testing can be performed at different levels, including unit testing, integration
testing, system testing, and acceptance testing. These levels focus on different parts of the
software and help identify defects from different perspectives. Unit testing is the most basic
level, where individual components are tested separately to confirm that they function as

expected. It serves as the foundation for later testing activities (Sommerville, 2016).

2.2 Unit Testing

In unit testing, isolated components of a software system are tested separately to verify their

correctness. A unit typically represents the smallest piece of code, like a function or a



method. The goal of unit testing is to ensure that each unit produces correct results for given

inputs.

Khorikov (2020, 21-25) emphasises that effective unit tests should be fast, isolated,
deterministic, and readable. These characteristics enable developers to run tests frequently
and rely on them during refactoring and maintenance. Unit tests also acts as a executable

documentation, describing the intended behaviour of the system.

Meszaros (2007, 3-6) highlights that poor designed tests can significantly reduce the value
of automated tests. Problems like tests that are too complicated or unclear assertions makes
them difficult to understand and maintain. Therefore, the quality of unit tests is as important

as their existence.

2.3 Unit Testing in Python

Python offers strong support for unit testing through both built-in and third-party
frameworks. Due to Python’s popularity in open-source development, understanding
Python-specific testing practices is important for evaluating software quality in Python

projects

2.3.1 Python Unit Testing Frameworks

Python’s standard library includes the unittest framework, which is based on the xUnit
testing architecture. According to the Python Software Foundation (2024), unittest offers the
basic tools needed for testing components such as test cases, setup and cleanup code, test
suites, and test runners. Tests are implemented by creating classes that extend

unittest. TestCase and adding methods that use assertion functions to validate behaviour.

In addition to unittest, the pytest framework is widely used in modern Python development.
The pytest documentation emphasises simplicity, readable syntax and powerful fixture
mechanisms (pytest development team 2025). Python can automatically find tests and

provides clear error messages, which makes it easier to understand and debug test failures.



2.3.2 Comparison of Python Unit Testing Frameworks

The design approaches and usability of Python unit testing frameworks are not uniform.
According to the Python Software Foundation (2024), the unittest framework follows a
class-based approach and is well suited for structured testing environments. In contrast,
pytest provides more concise syntax and greater flexibility through features such as
automatic test discovery, fixtures, and parameterized testing (pytest Development Team,
2025). Despite these differences, both frameworks support automated execution and

integration with continuous integration pipelines.

The choice of choosing framework in open-source projects mainly depends on the
complexity of project, contributor familiarity, and long-term maintainability. Understanding

these differences supports informed framework selection for practical test implementation.

2.4 Automated Unit Test Generation

Automated approaches to unit test generation are designed to create effective test cases by
reducing the amount of manual effort. Fraser and Arcuri (2011, 1-3) introduced the concept
of whole test suite generation, where entire test suites are generated simultaneously using
search-based techniques. This approach addresses limitations of traditional coverage-driven

testing, such as infeasible coverage targets.

EvoSuite i1s a well-known tool implementing this approach and has demonstrated
significantly higher coverage compared to traditional methods (Fraser and Arcuri 2011, 12).
Lukasczyk and Fraser (2022) adapted these principles to python through the Pynguin tool,
which can automatically generate tests for Python programs. Their research shows that
although automated tools can achieve high coverage, the generated tests usually need to be

reviewed by humans to ensure readability and correctness.

2.5 Metrics for Evaluating Unit Test Quality

Evaluating unit tests requires more than checking whether tests exist. Several

complementary metrics has been proposed to access test quality and effectiveness.



2.5.1 Code Coverage Metrics

Code coverage measures how much of the application's code is executed during testing.
Common types include statement coverage and branch coverage. Gopinath et al. (2014, 72-
74) note that coverage metrics are popular in practice because they are easy to understand

and well supported by testing tools.

However, having high coverage does not mean that tests will find bugs. High coverage may
be achieved without verifying correct behaviour. Therefore, coverage is considered a

necessary but insufficient indicator of test quality (Gopinath et al. 2014, 74).

2.5.2 Unit Test Code Quality

Unit test code quality focuses on readability, structure, and maintainability. Grano et al.
(2020, 336-340) shows that developers value more about readability and maintainability
more than coverage when assessing test usefulness. Their result indicates that coverage
metrics are effective at identifying poor-quality tests, but it is less effective at distinguishing

high-quality ones.

Meszaros (2007, 45-48) and Khorikov (2020, 45-47) both emphasize that maintainable tests
reduce long-term costs and increase developer’s trust in automated testing. Therefore,

qualitative evaluation of test code complements quantitative metrics.

2.5.3 Unit Test Accuracy

Unit test accuracy evaluates whether tests can correctly differentiate between correct and
faulty implementations of code. Buffardi et al. (2019, 578-581) describes test accuracy as
the ability of tests to fail when it detects defects and pass of the code is correct. Their research
shows that test accuracy is more closely related to finding real bugs than code coverage

alone.

Mutation testing is often used to measure the test accuracy by introducing small artificial

faults, called mutants into the source code. Jia and Harman (2011, 1-3) describe mutation



testing as a powerful but computationally expensive technique which provides deeper

insights into test effectiveness.

2.6 Summary of Literature Review

This chapter reviewed prior research on software testing, unit testing, Python testing
frameworks, automated test generation, and test quality metrics. The literature highlights
that unit testing is important for software quality, but it must be supported by well-written
tests and systematic evaluation. It also makes clear that no single metric is sufficient to assess

test quality. So, a combination of coverage accuracy, and code quality metrics is required.



3 Research Design

This chapter presents the research design adopted for the study. It describes the selected
research methodology, explains the principles of Design Science Research (DSR), and
describes how the approach is used to address the research objectives. The chapter also
introduces the developed research artefact and outlines the main phases followed during the

research process.

3.1 Research Methodology

Research in software engineering can be carried out using various methodological
approaches, such as empirical studies, case studies, and designed oriented research.
Empirical research focuses on observing and analysing existing phenomena, while design

oriented research focuses on creating and evaluating solutions to real world problems.

Design Research Science is described by Vom Brocke et al. (2020, 3-5) as a suitable
methodology for information and software engineering research that seeks to design and
evaluate solutions for practical use. This thesis uses Design Science Research because it
focuses on developing, implementing, and evaluating unit tests for an open-source Python

project.

3.2 Design Science Research

DSR is a research paradigm which focuses on solving problems through the design and
evaluation of artefacts to improve the existing situations. These artefacts can be things like
concepts, models, methods, or software solutions. In software engineering research, artefacts

are often software components or development practices.

According to Vom Brocke et al. (2020), Design Research Science connects theory and
practice by grounding artefact design in existing knowledge and evaluating its effectiveness

in real world context. The iterative nature of DSR allows researchers to refine solutions



based on evaluation results, which contributes both practical improvements and scientific

knowledge.

3.3 Design Science Research Process

This study adopts the Design Science Research (DSR) framework proposed by Vom Brocke
et al. (2020) to guide the development and evaluation of the research artefact. An overview

of DSR process of presented in figure 1.
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Fig.1 Design Science Research Process

Problem Identification

This thesis addresses the problem of lack of sufficient and high-quality unit tests in an open-
source Python project. Insufficient testing increases the risk of defects, complicates

maintenance, and reduces developers’ confidence when making changes to the code.
Object Definition

The goal of this study is to create and implement unit tests that improve code coverage and

support the assessment of test quality through commonly used metrics.



Design and Development

In this phase, unit tests are designed and implemented for selected components of the open-
source project using Python unit testing frameworks. The test design is guided by unit testing

principles and best practices identified in the literature.
Demonstration

The developed unit tests are executed to show their functionality and integration with the
project. Test execution results confirm that the tests execute successfully and cover the

intended parts of the code.
Evaluation

The implemented unit tests are evaluated using measures taken from the literature review,
such as code coverage, unit test accuracy, and test code quality. This evaluation helps to

determine how effective and useful the developed solution is.
Communication

The research process, implementation details, and evaluation results are documented and

communicated through this thesis.

3.4 Research Artefact

The main research artefact developed in this thesis is a set of unit tests for an open-source
Python project. The unit tests are designed to verify the behaviour of individual functions
and components in isolation. The artefact also includes supporting testing tools, such as test

configuration files and code coverage tools.

The unit tests are implemented by using Python testing frameworks and are integrated into
the project’s codebase. By developing this artefact, the thesis provides a practical
contribution to the selected open-source project while enabling systematic evaluation of unit

testing practices.



3.5 Application of Design Science Research in this Thesis

Throughout the thesis, Design Science Research is applied systematically by linking each
research phase to a concrete activity. The research problem is identified by observing gaps
in unit testing practices in open-source Python projects. A solution is then designed and
implemented in the form of unit tests. Finally, using the metrics established in prior research,
such as code coverage, test accuracy, and test code quality, we evaluate the effectiveness of

the solution.

The evaluation results are examined to determine whether the developed artefact achieves
the objectives of the study. The findings contribute to both practical guidance for software
developers and academic understanding of unit testing practices in Python projects. By
following the Design Science Research methodology, this thesis ensures a structured,

transparent, and reproducible research process.



4 Unit Test Implementation

This chapter describes the implementation of unit tests for the selected open-source Python
project. It explains the project context, the testing environment and tools which were used,
the strategy applied for designing the tests, and the process of implementing the new unit
tests. The implementation builds upon the existing test suite provided in the project and

extends it by introducing additional test cases designed during this study.

4.1 Open-Source Project Description

OpenCAQDA was selected as the open-source project for this study, a Python-based
software system designed to support qualitative data analysis workflows. The project
provides functionality for managing text-based data, organising coding structures, and

supporting analysis operations within a graphical user interface environment.

The architecture of the project is modular and consists of several major components,

including:

utility modules

e service modules

e database connectivity components
e graphical user interface modules

e data models and enumerations

The modular structure of the project makes it suitable for unit testing because many utility
and service functions can be tested independently without requiring execution of the

complete application.

The repository already contains an initial automated test suite implemented using Python’s
built-in unittest framework. These tests are located inside the test directory and focus mainly

on utility modules and selected service components.



The existing unittest-based tests provide a baseline testing infrastructure for the project.
However, the coverage analysis revealed that many modules remain either partially tested
or completely untested. Several service modules and helper components lacked sufficient

test coverage.

The baseline coverage analysis performed during this study showed that the original unittest-
based test suite achieved approximately 27% coverage for the selected utility and service
modules. The analysis also revealed that important modules such as projectservice.py and

userservice.py contained little or no test coverage.

Therefore, additional pytest-based tests were implemented to improve the quality,

readability, maintainability, and extent of automated testing within the project.

4.2 Test Environment and Tools

The unit tests in this study were implemented and executed using Python’s automated testing
ecosystem. Both the original unittest-based test suite and additional pytest-based tests were

used during the evaluation process.

The project originally used Python’s built-in unittest framework. The unittest framework
organises tests within classes derived from unittest. TestCase and uses assertion methods to

validate expected behaviour.

In addition to the existing unittest-based tests, this thesis introduced pytest for implementing
additional tests. Pytest was selected because of its simpler syntax, automatic test discovery,
parameterized testing capabilities, and improved readability compared to traditional unittest

structures.

The effectiveness of the implemented tests was evaluated using code coverage analysis.
Coverage data were collected with the coverage.py tool together with the pytest-cov plugin
for pytest. This analysis shows how much of the application code is executed by the test suite

and helps identify areas that are not covered by tests.

The tests were executed using the following commands:



pytest
pytest test/ --cov=ocaqda.utils --cov=ocaqda.services --cov-report=term-missing

pytest tests_pytest/ --cov=ocaqda.utils --cov=ocaqda.services --cov-report=term-

missing

The generated coverage reports provided numerical statistics and detailed information

regarding tested and untested code lines.

All tests were executed in a local development environment running Python 3.13 together

with the latest stable versions of pytest, pytest-cov, and coverage.py.

Tools Purpose

unittest Existing baseline test framework
pytest Implementation of additional tests
pytest-cov Coverage analysis integration
coverage.py Code coverage measurement
Python 3.13 Test execution environment

Table 1. Testing tools used during implementation and evaluation

4.3 Test Design Strategy

The design of the unit tests followed several important unit testing principles identified in
the literature review. These principles help ensure that the tests remain reliable,

maintainable, and useful during future development of the software system.

First, the tests were designed to be isolated whenever possible. Each test focuses on verifying
a single function or behaviour independently from unrelated components. This helps

simplify debugging when tests fail.

Second, the tests were designed to cover multiple input scenarios. The implemented tests
include normal input cases, edge cases, and invalid input scenarios to verify that the

functions behave correctly under different conditions.



Third, readability and maintainability were important considerations during test
implementation. The pytest-based tests use concise function-based structures and descriptive

naming conventions, improving readability compared to the more verbose unittest structure.

Another important design principle was reducing duplicated code. Pytest parameterized
testing was used whenever possible to test multiple input scenarios within a single test

function.

The additional pytest tests were specifically designed to target modules with low coverage
identified during the baseline coverage analysis. Attention was given to utility and service
modules because these components could be effectively tested without depending heavily

on graphical user interface functionality.

4.4 Unit Test Development

The development of the unit tests involved analysing the existing unittest-based test suite

and implementing additional pytest-based tests to improve code coverage and test quality.

The original project tests were implemented using the unittest framework and followed a

class-based structure. An example of an existing unittest-based test is shown below.

class GeneralUtilsTest(unittest.TestCase):
def test_remove_html_tags(self):

self.assertEqual(remove_html tags("<b>bold</b>"), "bold")

The tests implemented in this thesis extend the original test suite by introducing pytest-based
implementations. Pytest enabled simpler function-based tests and parameterized input

scenarios. An example of the implemented pytest-based tests is shown below.

import pytest

from ocaqda.utils.general _utils import remove_html_tags



@pytest.mark.parametrize("input_text, expected", [
("<b>bold</b>", "bold"),
("<p>Hello</p>", "Hello"),
("<div>Hello <span>World</span></div>", "Hello World"),

("plain text", "plain text"),

"t
D

def test remove_html tags(input_text, expected):

assert remove_html_tags(input_text) == expected

Compared to the original unittest implementation, the pytest-based implementation reduced
boilerplate code and improved readability through parameterized testing and simplified

assertion syntax.

During the implementation phase, a total of 43 pytest-based tests were developed specifically

for modules located in the utils and services directories of the project.

Significant improvements were achieved particularly in the codetree.py, coding_utils.py,
userservice.py, and projectservice.py modules. The implemented tests introduced additional

validation scenarios, boundary conditions, and edge-case verification logic.

The final pytest-based test suite was organised into separate directories for utility and service

modules, following the structure of the production code.



5 Evaluation of Unit Tests

This chapter evaluates the effectiveness and quality of the implemented unit tests for the
selected open-source Python project. The evaluation focuses on assessing how well the
developed test suite verifies the system’s behaviour and contributes to improving software

reliability.

The evaluation considers both quantitative measures, such as code coverage, and qualitative
factors, including the readability and maintainability of the test code. In addition, the ability
of the tests to identify faulty behaviour is analysed.

5.1 Evaluation Criteria

The effectiveness of the implemented unit tests was evaluated using three main criteria:
a) Code coverage metrics
b) Unit test quality
¢) Unit test accuracy

Code coverage metrics provide a quantitative indication of how much of the production code
is executed when the tests are run. However, coverage alone does not guarantee that tests

effectively verify correct behaviour.

Therefore, qualitative aspects such as readability and maintainability were also evaluated.
Readable and maintainable tests are easier to understand, extend, and modify during future

software development.

Finally, test accuracy was evaluated to determine whether the tests were capable of detecting

faulty behaviour when incorrect implementations were introduced into the system.

The evaluation scope focused specifically on the utility and service modules targeted during

the pytest implementation phase. Graphical user interface modules were excluded from



detailed evaluation because these components require specialised GUI testing approaches

beyond the scope of this study.

5.2 Code Coverage Results

Code coverage analysis was performed using the “coverage.py” tool integrated with pytest

through the pytest-cov plugin.

The original unittest-based tests and the implemented pytest-based tests were executed
separately to enable comparison between the baseline test suite and the new pytest

implementation. The tests were executed using the following commands:

pytest test/ --cov=ocaqda.utils --cov=ocaqda.services --cov-report=term-missing

pytest tests pytest/ --cov=ocaqda.utils --cov=ocaqda.services -cov report=term-

missing
Metric Existing unittest tests | Implemented pytest tests
Number of tests 19 43
Coverage (utils + services) 27% 57%
Execution time 1.91s 1.31s
Framework unittest pytest
Table 2. Coverage analysis results
Module Unittest coverage Pytest coverage
codetree.py 33% 100%

coding_utils.py 58% 99%




userservice.py 0% 100%

projectservice.py 0% 29%

Table 3. Module level coverage improvements

The coverage analysis demonstrated a significant improvement after implementing the
pytest-based test suite. The original unittest-based tests achieved approximately 27%

coverage for the selected modules within the utils and services directories.

After implementing additional pytest tests for the utility and service modules, the coverage

increased to approximately 57%.

The largest improvements were observed in the codetree.py, coding utils.py, and
userservice.py modules. These modules achieved near-complete or complete coverage after

implementing additional pytest tests.

Although some modules remain partially uncovered, particularly components related to
graphical user interface functionality, the results demonstrate that the implemented pytest-
based tests substantially improved the testing infrastructure of the selected utility and service

modules.

It should be noted that the reported coverage values apply only to the utility and service
modules examined in this study. User interface components and several external dependency
modules were intentionally excluded from the pytest implementation because they require

more advanced integration or graphical interface testing techniques.

5.3 Unit Test Quality Evaluation

In addition to code coverage metrics, the quality of the implemented unit tests was evaluated
using qualitative characteristics such as readability, maintainability, simplicity, and

structure.

The pytest-based tests improved readability significantly compared to the original unittest-
based implementation. The tests used concise function-based structures instead of class-

based hierarchies, reducing boilerplate code and simplifying understanding of the test logic.



Another important qualitative improvement was the use of parameterized testing.
Parameterized tests allowed multiple input scenarios to be expressed clearly within a single

test function, improving maintainability while reducing duplicated code.

The implemented tests also followed consistent naming conventions and explicit assertion
statements. Each test focused on verifying a single behaviour of the target function,

improving traceability when failures occur.

From a maintainability perspective, the pytest-based tests are easier to extend and modify

because of their simplified structure and modular organisation.

The qualitative evaluation focused on the readability and maintainability of the implemented
pytest tests within the utility and service modules. These modules provided a suitable

environment for evaluating the practical advantages of pytest-based testing structures.

Characteristic Unittest Pytest

Test structure Class-based Function-based
Boilerplate code High Low
Parameterized testing Limited Built-in support
Readability Moderate High
Maintainability Moderate High

Table 4. Qualitative comparison between unittest and pytest

Overall, the qualitative evaluation indicates that pytest provides significant advantages in

readability and maintainability compared to the original unittest-based implementation.

5.4 Unit Test Accuracy Evaluation

Unit test accuracy refers to the ability of tests to correctly distinguish between correct and
faulty implementations of the code. A useful test suite should fail when incorrect behaviour

is introduced into the system.



To evaluate test accuracy, selected functions were modified by introducing small artificial
faults that simulate common programming errors. Examples of such faults include incorrect

return values, missing validation checks, or altered conditional logic.

After introducing these modifications, the test suite was executed again to determine whether
the tests would detect the introduced errors. In several cases, the tests failed as expected
when the faulty implementations were executed. This behaviour indicates that the tests are

capable of identifying incorrect functionality.

The ability of the tests to detect faults demonstrates that they are not merely executing the

code but are actively verifying the correctness of the program behaviour.

Although full mutation testing was not performed due to computational limitations, the
manual fault injection approach provides useful insights into the effectiveness of the

implemented tests.

The results indicate that the test suite is capable of detecting faults and can assist developers

in identifying errors during the software development process.

5.5 Discussion of Results

The evaluation results demonstrate that the implemented pytest-based tests significantly
improved the testing infrastructure of the selected utility and service modules within the

OpenCAQDA project.

The quantitative evaluation showed that code coverage for the selected utility and service
modules increased from approximately 27% in the original unittest-based implementation to

approximately 57% after implementing the additional pytest tests.

In addition to coverage improvements, the qualitative evaluation demonstrated that pytest
improved readability, maintainability, and overall test structure. The simplified syntax and
parameterized testing capabilities reduced boilerplate code and enabled clearer expression

of multiple testing scenarios.

The accuracy evaluation further confirmed that the implemented tests are capable of

detecting faulty behaviour when errors are introduced into the system.



Despite these improvements, certain limitations remain. Some components of the project,
particularly graphical user interface modules and components with external dependencies,

remain difficult to test effectively using isolated unit tests.

Only the utils and services directories were included in the implementation phase of this
study. While this limitation reduced the overall project-wide coverage, it enabled focused
evaluation of modules that were most suitable for isolated unit testing. Future work could
extend the testing approach toward graphical user interface components and broader

integration testing scenarios.

Overall, the results indicate that systematic pytest-based testing combined with multi-metric
evaluation provides an effective approach for improving software quality in open-source

Python projects.



6 Conclusion

This thesis investigated the implementation and evaluation of unit tests for the open-source
Python project OpenCAQDA. The main aim of the study was to design and implement
additional unit tests and evaluate their effectiveness using established software testing
metrics. The study focused on improving the automated testing infrastructure of selected

project components and assessing the quality of the implemented tests.

The research was conducted using the Design Science Research (DSR) methodology, which
focuses on developing and evaluating practical artefacts for solving real-world software
engineering problems. In this study, the developed artefact consisted of a pytest-based unit
testing solution implemented for selected utility and service modules of the OpenCAQDA

project.

The implementation phase involved analysing the existing unittest-based test suite,
identifying gaps in test coverage, designing additional test cases, and evaluating the
effectiveness of the implemented tests using both quantitative and qualitative evaluation
criteria. The existing tests provided within the project served as a baseline for understanding

the current testing infrastructure and identifying areas that required improvement.

Additional tests were implemented using the pytest framework because of its concise syntax,
parameterized testing capabilities, and improved readability compared to traditional unittest
structures. The implementation specifically focused on modules located in the utils and
services directories, as these components contained isolated logic that could be effectively
tested without depending heavily on graphical user interface functionality or external

runtime dependencies.

The evaluation of the implemented tests was carried out using three complementary criteria:
code coverage metrics, unit test quality, and unit test accuracy. The coverage analysis
demonstrated a significant improvement in the tested modules after implementing the
additional pytest-based tests. Coverage for the selected utility and service modules increased
from approximately 27% in the original unittest-based implementation to approximately
57% after the new tests were added. Significant improvements were achieved particularly in

the codetree.py, coding_utils.py, and userservice.py modules.



In addition to quantitative coverage improvements, the study also examined qualitative
aspects of the implemented tests. The results indicate that pytest-based tests improved
readability and maintainability through simplified function-based structures, reduced
boilerplate code, descriptive naming conventions, and parameterized testing techniques.
These characteristics make the tests easier to understand, extend, and maintain during future

software development.

The accuracy evaluation further demonstrated that the implemented tests were capable of
detecting faulty behaviour when incorrect implementations were introduced into the system.
This indicates that the tests effectively verify functional correctness rather than simply

increasing code execution coverage.

Overall, the results of this study demonstrate that systematic pytest-based unit testing
combined with multi-metric evaluation can significantly improve software quality in open-
source Python projects. The implemented tests strengthened the reliability of the selected
project modules and contributed practical improvements to the project’s automated testing

infrastructure.

Despite these contributions, the study has certain limitations. The implementation and
evaluation focused primarily on the utils and services directories of a single open-source
Python project. User interface components and modules with complex external
dependencies were intentionally excluded because they require more advanced testing
approaches beyond the scope of this thesis. Consequently, the results may not be directly

generalisable to all Python software systems or application architectures.

Future work could extend the testing approach toward graphical user interface testing,
integration testing, automated mutation testing, and continuous integration pipelines. Future
research could investigate how Al-assisted testing tools and automated test generation

techniques can support and improve software testing in open-source projects.

In conclusion, this thesis demonstrates that applying systematic unit testing practices and
combining quantitative and qualitative evaluation metrics can strengthen the quality
assurance process of Python-based software systems. By extending the existing unittest-
based infrastructure with additional pytest-based tests and evaluating their effectiveness

using multiple metrics, this study contributes both practical improvements to the



OpenCAQDA project and broader insights into unit testing practices in open-source Python

software development.
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Appendices

Appendix A - Test Execution Results

This appendix presents the execution results of both the original unittest-based test suite and
the implemented pytest-based test suite. The screenshots included in this appendix provide

additional evidence for the evaluation results discussed in Chapter 5.

A.1 Execution of Original unittest-Based Test Suite

C:Wsers\siris\Downloads\Theisi\New folder\code\OpenCAQDA>pytest
=== test session starts
-- Python . pytest-9.8.2, pluggy-1.6.8
\Users\siris\Downloads\Theisi\Wew folder\code\OpenCA
plugins: cov-7.1.8
collected 19 items

test\services\configurationservice test.py

£

test\utils\codingutils test.py
test\wtils\colorutils test.py
test\wtils\constants_test.py
test\wutils\generalutils test.py
test\utils\pdfutils test.py
test\wutils\singleton test.py

19 p

Figure Al. Execution of the original unittest-based test suite.



A.2 Coverage Results of Original unittest-Based Tests

test session start

sers\siris\Downloads\Theisi\New folder\code\OpenC
plugins: cov-7.1.8
collected 19 items

test\services\configurationservice test.py
test\utils\codingutils test.py
testhutils\colorutils test.py
testh\utils\constants_test.py
testhutils\generalutils test.py
testhutils\pdfutils test.py
testhutils\singleton test.py

== tests coverage
python

Name

ocagda\services\__init _.py
ocagda\services\confipurationservice.
ocagda\services\projectservice.py
ocagda\services\userservice.py
ocaqdatwutilsy  init .py
ocaqda\utils\codetree.py
ocaqda\utils\coding utils.py
acagqda\utils\colorutils. py
ocagda\utils\constants.py
ocagda\utils\general utils.py
ocaqda‘\utils\pdfutils. py
ocaqda\wtils\singleton.py

19 pﬂ;qu

C:\WUsers\siris\Downloads\Theisi\New FolderhcodehﬂpenCﬂQDAﬂl

Figure A2. Coverage results of the original unittest-based tests.



A.3 Execution of Implemented Pytest Test Suite

:Wsers\siris) Axpytest tests pytest/

= === test session starts ==
platform wir .6.

rootdir: sers\siris\Downloads\Theisi\New folder\code\OpenCAQDA

plugins: cov-7.1.8

collected 43 items

tests pytest\services\test configurationservice pytest.py
tests_pytesti\services\test_projectservice pytest.py

tests pytesti\ser s\test_userservice pytest.py

tests pytest\utils\test codetree pytest.py
tests_pytest\utils\test_coding utils pytest.py

tests pytest\utils\test color utils pytest.py

tests pytest\utils\test constants pytest.py
tests_pytest\utils\test _general_utils pytest.py

tests pytest\utils\test pdf utils pytest.py
tests_pytest\wtils\test singleton pytest.py

C:\Users\siris\Downloads\Theisi\New folder\code\OpencagDas]]

Figure A3. Execution of the implemented pytest-based test suite.



A.4 Coverage Results of Implemented Pytest Tests

>pytest tests pytest/ - cagda.utils -- da. C eport=term-missing
test session starts

pluggy-1.6.8
unloads\Theisi\New folder\code\Oper

plugins: c
collected 43 items

tests_pytest\se
tests_pytest\se _projec W
tests_pytest\se i

tests_pytest\wutils\test_color_utils_pytest.py
tests_pytest\utils\test constants_pytest.py
tests pytest\utils\test general utils pytest.py
tests_pytest\utils\test pdf utils pytest.py
tests pytest\utils\test singleton pytest.py

Name

Figure A4. Coverage results of the implemented pytest-based tests.



