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Ohjelmistotestaus on oleellinen osa ohjelmistokehitystd. Ohjelmistojen puutteellinen testaus maksaa
yrityksille ja yhteiskunnalle merkittdvid summia vuosittain. Kuitenkin se on osa ohjelmistokehitysta,

joka on helppo sivuuttaa tai toteuttaa vaillinaisesti.

Tamé kandidaatinty6 tutkii mahdollisuutta testata ohjelmisto sen kehityksen jidlkeen. Perinteisten
ohjelmistokehitysmallien mukaan testauksen tulisi olla suunniteltuna osaksi kokonaisuutta. Téssd
tapauksessa niin ei ollut, vaan testaussuunnitelma rakennettiin timéin tyon tuotoksena. Ty6 on ta-
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Software testing is an essential part of software development. Inadequate software testing costs com-
panies and society significant amounts of money each year. Yet it is a part of software development

that is easily ignored or incompletely implemented.

This thesis explores the possibility of testing software after its development. According to traditional
software development models, testing should be designed as part of the overall process. This was not
the case here, and the testing plan was built as an output of this work. The work is a case study of a

camp management application built on XAMPP software and the Nette Framework.

As a result of this work, it became clear that it is possible to design software testing after the fact.
However, additional challenges may arise if testing is not planned from the beginning. In this case,

these included a lack of documentation and a lack of requirements definition.

The test plan that has emerged from this work will allow the testing of the guidance system to begin
once the challenges identified have been addressed. Further research can be carried out, in particular

on integration testing and E2E testing.
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1 Introduction

Since the development of the first computers, the number of different types of software has
grown. Today, almost everyone has one or more devices for which a myriad of software is
available. As software grows, monitoring and maintaining its quality becomes increasingly
tricky. According to Ahamed (2010), software testing is critical to quality assurance. Testing
is a means of finding defects in software and checking whether it meets customer

requirements.

Automated software testing can save both time and money. Automated testing means that
the programmer has also written tests for the software, which are easy to run whenever
changes are made. These tests can ensure that no previous functionality stops working with

new changes (Dustin et al., 2009).

1.1 Background

Every year, an organization working with young people organizes an international arts and
activities camp for young people as part of its annual program. Around 300 campers,
counselors, teachers, and leaders participate and organize the camp. Organizing a camp of

this size is not easy and requires a lot of resources, time, and the right equipment.

A comprehensive software package has been programmed for the camp, allowing it to handle
such tasks as registration, cancellations, retrieval of information on participants,
accommodation of participants, and allocation of participants to different groups. It allows

different views, for example, for night watchmen, administrators, and other users.

The software is comprehensive, well-built, and extremely useful for camp organizers, but it
1s not systematically documented, and testing is not automated. This is because the software
was built by a private person with no training in the field. Consequently, the importance of
testing and documentation was not understood when building the software. The software
must be tested manually for each new feature or update. That is inefficient because the same

things are tested many times, it is impossible to test all functionalities comprehensively, and



testing is not organized rationally. This kind of ad hoc -testing is considered the most used

testing method in the world (SWEBOK 2013).

As the software develops and grows, building an automated testing system to ensure its
quality would be sensible. That would also significantly reduce the workload of the

developers and testers.

1.2 Objectives and limitations

This work aims to develop an automated testing system for the above software. In this
system, the software's functionality can be tested by unit tests, i.e., by building small, simple
tests on parts of the software. To this end, existing frameworks and systems for unit testing
software will be mapped, and the most suitable option will be selected. The system is then
tested for functionality and compatibility, and a plan is developed to update the software

testing.

This work is not intended to test the entire software, as it is a large and complex piece of
software that is very difficult and laborious to test thoroughly. It is also not intended to find
a universal way to build testing of all types of software. That is impossible because software
can be very different, starting with the programming language. The research method used is

a case study.
The research questions are:
1) What kind of systems exist to implement unit testing of software?

2) How should the testing of such software be designed and implemented?

1.3 Structure of the thesis

The next chapter will examine the existing scientific literature concerning software testing
and automated testing. It will analyze unit testing, the benefits of testing, and the most

common ways to organize testing.

Chapter 3 is about a case study as a research method. It tries to find answers to questions of



how it works and why it should be used in this thesis. Chapter 4 aims to answer the second
research question and develop a plan for testing the software in question. The chapter
includes researching existing automated testing options and other tools and choosing the

most fitting.

At the end of chapter 5, the thesis discusses what worked and what did not, what could be
researched or developed further, and how this thesis could be used in the future. The last

chapter, Conclusions, has final conclusions about this thesis and its results.



2 Literature review

There is plenty of scientific literature about software testing, its importance, and its impact
on software development practices. Testing has been a part of computing since the
beginning. Scientists have also been interested in this, even though software testing has been

considered a "dark art" of software development for its whole history (Myers et al., 2004).

2.1 Definitions of software testing

Myers et al. (2004) define software testing as "executing a program with the intent of finding
errors." It is important to focus on finding the errors because testing should start with the
assumption that there are mistakes and errors in the code. It is not helpful to define testing
as establishing confidence that the application does what it is supposed to do. The purpose
of testing is not to show that the program performs particular functions correctly. The goal

has to be to find the errors.

Software testing can also be defined as ensuring the program does what it is supposed to do
and nothing unintended. When using an application, there should not be any surprises to

users. The program should be consistent and predictable. (Myers et al., 2004)

Kasurinen (2013) defines software testing as "the work done to ensure that the software
product that is implemented is what is desired and that all the features included in the finished
product are sure to work as intended." This definition is closer to the second definition from
Myers et al. but does not mention errors. Myers et al. approach software testing more from
the perspective of errors, while Kasurinen seems to think more about requirements

specification and the whole software development cycle.

2.2 Importance of software testing

Testing significantly impacts the development process, affecting budget, schedule, and other

aspects of software projects. According to Tassey (2002), US-based software companies lost



21.2 billion dollars due to inadequate or incomplete testing. The same study notes that the
losses were 59.5 billion dollars when the damages and production losses caused to customers
were included. The study does not consider the damages caused by reputational damage and

lost sales, so the total cost is likely even higher.

Kit (1995) estimates that around 50% of software project budgets are used to test the
software. Therefore, testing is the most expensive operation or part of software development.
Kasurinen (2013) argues that fixing software errors during the development phase costs
around 1-2 percent of what it would cost if fixed after the application's release. Therefore,

proper testing when developing the application can deliver significant financial savings.

Kasurinen (2013) also notes that testing is the most important phase of the project in terms
of profitability. Companies that test their products rigorously and make sure they are working
correctly get better margins for their products. The difference is even higher when

considering the loss of customers and reputation caused by a bad product.

2.3 Testing as a part of the software development process

The software industry established testing as a part of the development process decades ago.
Different models can represent software development processes and cycles. Royce (1987)

has developed the famous waterfall model (Figure 1), which is widely used today.

Farrel-Vinay (2008) describes the waterfall model as the best-known model. According to
him, it has five phases: requirements, design, code, system test, and installation. This

approach is widely used, but according to Farrel-Vinay, many consider it outdated.
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Figure 1: Waterfall model used in software development.

The idea in the waterfall model is that the development moves onto the next phase, with the
intention never to return to the previous stage. Sometimes, the previous step can be returned
to if significant problems are encountered. A better development model is, for example, the

V-model (Figure 2). (Kasurinen 2013)

The V-model has a development side and a testing side. These are related to each other. The
development side functions like the waterfall model, but each stage has a corresponding
testing stage. The development side has requirements, specification, design, and
programming stages. The testing side has phases of unit testing, integration testing, system
testing, and acceptance testing. Kasurinen (2013) argues that the problem with this model is
the late starting point of testing. Much of the program had already been built before testing
could be started properly.
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Figure 2: V-model used in software engineering.

2.4 Test plan

When testing software, there should be a test plan. The test plan is determined, among other
things, by the type of project involved. A more minor software test may not require such an
extensive plan. The size of the team developing and testing the software will also impact the
scope of the test plan. At its simplest, a test plan can be a set of standard guidelines that
define how testing will be done, what issues should be considered, and so on. (Kasurinen

2013, p. 116)

Generally speaking, the test plan should include, among other things, a description of the
project, a description of the product to be tested, the scope of the tests, the testing strategy
used, the schedule and division of labor, the risk mapping, the action plan and a list of
personnel. These are defined in the ISO/IEC 29119 testing standard. However, this is not the
only way to approach testing. As said before, the test plans can vary depending on the

organization's and the testers' needs. (Kasurinen 2013, p. 117-119)

According to Kasurinen, one-fifth of the source code contains four-fifths of the errors in the
code. It is important to narrow down the code to components that are particularly prone to
errors. For example, development environment libraries are usually effectively tested. It is,
therefore, beneficial to look for errors in new code and new features, last-minute fixes, and
code imported from outside. Test cases are generated from the code to be tested, and the
most important ones are selected. This requires risk mapping and analysis. The testing itself

is then carried out.



2.5 Case study in light of the literature review

As the scientific literature shows, testing is an important part of software development. It
ensures the quality of the application before deploying and delivering it to clients and
customers. Testing generally has its own step in the development process and is thought out
before development begins. In this light, the example situation in this case study is very

different. The software has already been developed, and testing is only an afterthought.

There was not much research about testing as an afterthought. Most literature refers to testing

as a part of the whole development process, where it has its place and dedicated resources.

That does not remove the fact that testing is valuable and important. It still has its uses, even
when applied after everything else has been done. This situation is not too far from the
traditional waterfall model, where testing is only done after development. In this case,

however, testing is done after deployment, which is even later.

Testing brings significant advantages in many ways. One of these advantages is ensuring
new changes do not break any previously working components. If the development of the
camp management software continues, it is helpful to have some testing done. Testing can
also create significant savings in resources used to save time for the development team. Since

volunteers develop the application, no direct monetary benefits or disadvantages exist.



3 Research method

This thesis researches the possibility of testing existing software as an afterthought and
develops an initial testing plan for the application. This study will use an application
programmed for a teenagers' summer camp as an example. Therefore, a case study can be

used as a research method.

According to Yin (2018, p. 15), a case study can be useful when one wants to understand a
real-world case. This thesis research whether testing can be implemented after the software
has already been developed and what the best approach to testing would be. A real-world

example is useful for that.

Runeson and Host (2009) write how the acceptance of empirical studies in software
engineering is continuously growing. Case studies are a regularly used research method in
software engineering. Often, these studies aim to research how software engineers conduct
different parts of the software development process under different scenarios, situations, and
conditions. Case studies can be conducted in software engineering since it is a
multidisciplinary area, and many research questions are best answered with a case study.
Case studies are especially good at answering research questions, starting with "how" and

"why" (Yin 2018, p. 9).

A concern that this thesis must consider is the tendency of case studies to take too long and
result in unreadable documents (Yin 2018, p. 21). There is no need for case studies to take
longer than other forms of research. It is important to have clearly defined objectives and
boundaries for the study. If the result of this study is that it will not be practical to test this
system after it has been developed because it would take fewer resources to do it properly

again, that is also a successful study.

Case studies can be done as single- or multiple-case studies (Yin 2018, p. 17). In this case,
we have a single-case study using the camp management software. Case studies often
include elements from other research methods. For example, a literature review is often
included in case studies. One of the key characteristics of a case study is that “it adds to
existing knowledge by being based on previously established theory, if such exist, or by
building theory.” (Wohlin 2012, p. 57)
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4 Results

To design a functional and effective way to unit test the program, one must understand how
the program is built. One also needs to clearly understand what languages, frameworks, and

systems have been used. These define how the testing could be done.

The goal is to attach a finished test plan to the end of the thesis and use it to start the

application's actual testing. Practical solutions and obstacles will also be analyzed.

4.1 How is Elo built?

Elo (Figure 3) is a web application built with the XAMPP stack, which includes Apache,
MySQL, PHP, and Perl. Although Perl has not been used in Elo, PHP forms a significant

portion of the code base.

In this case, Nette components have been used. It is the 3™ most-liked framework for PHP
(Skvorce, 2015). Nette is a collection of components built for PHP 8, forming a framework
together. For example, Nette has components for ready-made templates, debugging, unit
testing, handling databases, and building other often-needed things in web development. It
is not pure PHP, which brings both opportunities and challenges. Nette has been in
development since 2004. (“Nette,” n.d.)

The most notable component used in Elo is Latte, a template engine for PHP. It is a free,

open-source tool that emphasizes security and uses PHP syntax. (“Latte-guide,” n.d.)
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Figure 3: A screenshot of Elo main dashboard.

Elo handles dependencies using Composer, a dependency manager built for PHP
(“Composer,” n.d.). It also uses Node.js, a free, open-source, cross-platform JavaScript
runtime environment (“Node.js,” n.d.). For version handling, the project uses Git. Based on
GitHub, about 50% of the app is written in PHP, while Latte has a portion of around 35%
(Figure 4).

Languages

|
® |Latte

® JavaScript

Figure 4: A screenshot of GitHub calculation of how much different code languages used.
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Elo has a large codebase. The application has 10116 lines of PHP per calculation with Cloc.
(Figure 5). In addition to that, there are CSS, JS, and Latte files. In large applications, it
would be wise to add automated testing to prevent accidents and mistakes when developing

them further.

321 text files.
160 unique file
161 fil

Figure 5: Cloc-application calculation picturing number of lines of code.

4.2 Standard for software test plan

There exist many standards for creating a test plan. IEEE is a leading developer of standards
for all important aspects of telecommunications, information technology, and power
generation products and services (“IEEE,” 2025). IEEE has the IEEE Std 829-1983 standard
for software test plans (“IEEE Standard for Software Test Documentation,” 1983). It can be
used as a base for this testing plan with some modifications to fit this purpose. The standard
specifies the layout and contents of the test plan. Using an approved standard helps ensure

the test plan has all the necessary details.
The plan has the following structure:

1. Test-plan identifier

2. Introduction

3. Testitems

4. Features to be tested

5. Features not to be tested



13

6. Approach

7. Item pass/fail criteria

8. Suspension criteria and resumption requirements
9. Test deliverables

10. Testing tasks

11. Environmental needs

12. Responsibilities

13. Staffing and training needs
14. Schedule

15. Risks and contingencies
16. Approvals

The IEEE Standard 829-1983 details what each section should contain. This thesis will

follow the standard where applicable.

4.3 Test plan

This subchapter 1s about going through those sections and creating the details for the test

plan. The finished test plan is attached to the end of the thesis as an appendix.

43.1 Test-plan identifier

This can be assigned arbitrarily. This particular project follows this formula:
TP-ELO-v25.03

TP stands for "Test plan," followed by the application name. Lastly, there is the application
version number. In this project, the versioning contains the year and month of when the

version was released. 25.03 means March of 2025.
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432 Introduction for test plan

Software items and software features to be tested have to be summarized in the introduction
(“IEEE Standard for Software Test Documentation,” 1983). In this case, this test plan
outlines the strategy, scope, and activities needed for testing version 1.0 of Elo. Elo is a web-
based application developed using the XAMPP stack (PHP, MySQL, Apache) and the Nette
framework. It supports camp registration, participant management, grouping, payments,
automated emails, and other helpful tools for camp organizers and administrators to

streamline operations and improve how the camp is managed.

In the introduction, related documents should be referenced. This includes project
authorization, project plan, quality assurance plan, configuration management plan, relevant
policies, and relevant standards (“IEEE Standard for Software Test Documentation,” 1983).
Many of these documents do not exist since the project has been volunteer work without any

organization behind it.

Relevant standards include 829-1983 — IEEE Standard for Software Test Documentation
(“IEEE Standard for Software Test Documentation,” 1983).

433 Test items

The application name is Elo, and its version is 25.03. Its components include a front end
(HTML/CSS/JS created from the Latte templates and PHP code), backend logic, and a
database. Application development and version control are handled in Git, and the app is

delivered from GitHub. The app requires installation in a local XAMPP environment.

434 Features to be tested

Because Elo is such an extensive application, defining what needs or does not need to be
tested is important. In this case, resources are limited, so the focus needs to be precise. The

plan is to do mainly unit testing.

Features to be tested should be the signup form and its functionalities since all of the campers
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use the form. If something goes wrong there, it affects the rest of the application.

One of Elo's main functionalities is organizing people into groups based on different
variables. This functionality is the main reason the application exists, so it needs to be tested.
Elo can group people based on almost any data it has about campers and easily display that
information to organizers. This includes workshop choices, allergies, accommodation
information, age, role, price of camp, and so on. This functionality has to be tested

thoroughly.

All security-related functionalities also need to be tested. It is important for everyone’s
information to stay safe. This includes but is not limited to, user authentication and role-
based access control, registration, signup, 2FA (two-factor authentication), account creation

and handling, handling campers' data, and admin features.

43.5 Features not to be tested

In this case, automated integration or end-to-end testing will not be done due to the lack of

resources. Those can be implemented later if needed.

Email services, third-party payment systems, and non-priority app functionalities will not be
tested. These include accommodation handling, check-in functionality, a calendar, a "What
happens now"-type app during the camp, camp letters, and other functionalities not specially

defined to be tested.

4.3.6 Approach

The focus will mainly be on building automated unit testing, which will make further
development and testing much more manageable. Thus far, testing has only been done
manually. Manual testing is continued mainly for Ul flow validation, role-based access

control, and making sure everything looks as intended.

Integration testing would be needed for form submissions and database updates. Given the
resources, if that is doable, it should be done. Regression testing is done when fixes for

existing bugs have been implemented.
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Manual testing for UI will be done using black-box testing. For unit tests, a requirement-
based traceability matrix should be written to track which test cases correspond to each

application requirement.

Unit tests can be built using a white box testing approach. For backend logic, there should
be trackable statement coverage. Usually, it has a defined minimum coverage, but in this

case, the team should target as high a score as they can get with the available resources.

Unit testing tools must be compared and chosen to match these requirements. A later chapter

in the thesis is dedicated to this.

Constraints for the testing include the challenge of a sporadic development schedule, which
makes it hard to dedicate time to testing. The availability of stable test data is also a challenge

since campers' personal information cannot be used for testing.

4.3.7 Item pass/fail criteria

All critical test cases need to pass to pass the testing. There cannot be any critical-severity

bugs. The app fails the testing if any critical feature fails or crashes during normal usage.

4.3.8 Suspension criteria and resumption requirements

These requirements define when testing needs to be suspended and under which conditions

it can be continued.

Suspension criteria include unstable or inaccessible builds, login or database failures, or

reports of bugs that block the functionalities from being tested.

Testing can continue when bugs blocking development have been resolved and a new stable

build deployed.

43.9 Test deliverables

As an outcome of the testing, the following deliverables should be created: a test plan
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document, test case specs, bug reports (for example, with the Jira project management tool
(“Bug tracking template,” 2025) or GitHub issues ("About issues," 2025)), and a test
summary report. All created automation scripts and stubs are also deliverables, which should

be saved.

4.3.10 Testing tasks

Before any actual testing-related work can begin, application requirements should be
defined, and a complete documentation of the application should be created. This includes

commenting on the code. These dependencies are required before starting the testing.

After dependencies, the first task is to analyze the requirements. After that, preparation for
the test environment is needed. That is important because it defines what will be tested and
how and sets some constraints on what is possible. The next step is to design the test cases
to test each requirement. After that, the tests are executed. Defects and bugs are logged, and
fixes are tracked using Jira or GitHub Issues. After fixes have been implemented, regression
testing is done to ensure no other features have been broken by the fixes and the tested
functionalities now work as required. A final report is compiled after all the testing has taken

place.

4311 Environmental needs

A test environment must be created to test the application. It includes an XAMPP stack,

different browsers for Ul testing, operating systems, editors, and everything else needed.

It would be desirable to have a CI/CD pipeline integrated with, for example, GitHub actions.
This could ease development. A restricted access network for testing could enhance the

project's security.

It should also be reviewed if a Docker image of the development and test environment could

be created.
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4.3.12 Responsibilities

The project responsibilities should be divided among the team members as follows: There
should be a project manager who is responsible for test oversight and progress monitoring.
A group of testers form a quality assurance team responsible for designing and executing
tests, logging the results, and creating bug reports. Developers should be responsible for
fixing defects and providing builds for the testers. DevOps engineers should be responsible
for maintaining the test environment. These roles can be divided between as many team

members as necessary. One person can also fulfill multiple different roles if needed.

4.3.13 Staffing and training needs

This is a challenging topic since most people working on the project are volunteers without
formal software engineering education. There should be multiple orientation sessions about
unit testing, Nette Framework, and how the quality assurance process is handled in this

project.

A team of three testers has previously tested the app. They would form the QA team. The
application's developer would continue in the role of a developer. A DevOps engineer

position is optional, but it would be helpful.

4314 Schedule

Since all the people working on the project are volunteers, the schedule should also consider
that. Volunteers do not have much time to dedicate to the application's testing, so enough

time should be allocated for each stage of testing.

The schedule should also consider the time spent on dependencies, such as documenting the
application and creating requirements. After dependencies, time should be divided between
requirement analysis, test planning, test design, environment setup, test execution, bug fixes

and retesting, and final reporting.
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4.3.15 Risks and Contingencies

The risks of the test plan mainly consist of time delays. If a build is delayed, it affects the
testing schedule. Since volunteers cannot extend their working hours, testing must be
rescheduled. Since there is a hard deadline for deploying the app in production, the time

reserved for each task is smaller, which creates further challenges.

Volunteer unavailability is another risk. Since everyone is working on the project for free
and on their own time, it creates a challenge. If testers are not available when testing is

scheduled, it will create delays and affect the quality of testing.

Lack of education in the field is another risk that must be considered. If testers don't have a
degree or extensive experience in the field, it might be hard for them to understand what

goes wrong or why something goes wrong. This can be mitigated with some basic training.

4.3.16 Approvals

The test plan must be approved by the lead development of Elo and the quality assurance

leadership. Those are not specified in this thesis.

4.4 Unit testing tools

There are multiple different tools for unit testing PHP. PHPUnit, Nette Tester, Pest and
Codeception are examples of those tools. To understand which of these testers is most
suitable for the needs of this project, there must be some comparison between the tools. In
this case, the comparison is done by recognizing the needs of the project and comparing the

tools in a table.

In this case, the criteria for comparison are the following: ease of installation, ease of use,
learning curve, documentation quality, community and support, official maintenance, code
coverage integration, assertions variety, error reporting, framework compatibility, cross-
platform support, and customization options. The evaluation is based on personal

preferences and available data on projects’ documentation.



20

Criteria PHPUnit Pest Codeception Nette Tester

Ease of | Great (via | Great (via | Great (via | Great (via

installation Composer) Composer) Composer) Composer)

Ease of use Good Great Great Moderate

Learning curve | Moderate Easy Steep Easy

Documentation | Good Great Great Moderate

quality

Community and | Great Great Great Moderate

support

Official Actively Actively Actively Actively

maintenance maintained maintained maintained maintained

Code coverage | Yes Yes Yes Yes

integration

Assertations Extensive Extensive Extensive Decent

variety

Error reporting | Good Very good Very good Simple but
clear

Framework Great Great Great Best with Nette

compatibility

Cross-platform | Yes Yes Yes Yes

support

Customization | Good Good Good Basic

options

Functionalities | Limited Great Great Limited

beyond unit

tests

Table 1: Comparison of different unit testers for PHP.
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In this project, all the unit testers could be used for testing the software. All the necessary
features are available on all the testers. However, some of the testers have more
functionalities, broader communities, more helpful documentation and additional
functionalities. If there is a need to add acceptance testing or other kinds of testing later, Pest
and Codeception have more capabilities. Nette Tester shares the same framework, which is
a benefit for using it. Based on the table, Pest or Codeception would be recommended tools

in this project.

4.5 Challenges

Many challenges in this project have become apparent while writing this thesis. One of the
challenges is the lack of documentation in the project. The code has not been fully
commented, and there are no documentation files for users or developers. There are no
documents on how the application should work or what the requirements and functionalities
are. This makes it extremely challenging to understand how the application works or how it

should be tested. This needs to be addressed before testing can begin.

Another challenge is how the code has been written and structured. There is no clear division
between frontend and backend functionalities. The latte templates used to create the HTML
pages are in the same files as database calls and small helper functions. Some parts of the
code are not used. This makes it very challenging to decipher which classes and functions

should be tested or can even be tested with unit tests.

The third challenge is directly related to the second challenge. Since all the even smaller
functions (for example, checking if uuid has the correct form) are dispersed among very
large classes that create the web pages, unit testers struggle to access these functions. Testers

give errors about files not being static and cannot test them as programmed.

These three main challenges need to be addressed properly before further work can be done.

However, this is outside the scope of this thesis.
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5 Discussion

It is possible to test an application even after the development and deployment. However, if
testing has not been part of the process from the beginning, as is done in the V-model, it
creates some additional challenges that must be considered carefully. Proper documentation

and creating requirements for the application are prerequisites for testing.

One of the concrete outcomes of this thesis was the finished testing plan, which outlines how
to proceed with the testing. The plan can be used to start and document the application testing
process so that it is done according to standards. However, this type of testing after
deployment is rare and should not be done, even if it is possible. Too many risks are involved

in using a piece of software that has not been properly tested.

Another outcome was a short comparison of available unit testers. These could be used to
automate the testing, reducing the time and resources used for testing in the future. Multiple

different options are available.

Additionally, some challenges were identified and laid out. Those should be considered when
proceeding with the project's development and testing. Those challenges include the lack of
documentation, code structuring, and automated testers' ability to test non-static files. To

handle testing properly, extensive documentation and rewriting of the code are required.

More research needs to be done on how to implement proper test automation in this case.
Integration testing and end-to-end testing should also be planned and conducted. Those
require more research on available tools, how the project should be modified, and what

training and staffing are needed.

The limitations of this work include the fact that, as a case study, it is not readily applicable
to other software projects. XAMPP-stack projects aren't the cutting edge of web
development anymore, with technologies such as React and Node.js gaining ground (“Most
used web frameworks among developers worldwide, as of 2024,” 2024). However, the thesis

can give some perspective on handling similar situations.
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6 Conclusions

This thesis researched how an already built and deployed application could be tested as an
afterthought. This included researching standards for test plans, searching and comparing

different automated unit testers, and exploring the challenges of this type of testing.

Testing is an important part of software development. Mistakes made during development
could lead to high costs when unwanted bugs disturb the product's use. In this case,
automated testing was not considered at all. Testing was done by a small and quite amateur

team without any objectives or ways to track testing and its results.

The results included a finished test plan that can be used to start testing the application.
Possible tools for automated testing were also found. Some challenges and prerequisites for

testing were also identified.

With these results, it is possible to continue developing and testing the application to improve
its overall quality and reliance. These results directly answer the research questions of how

testing should be conducted and what tools are available for automated testing.

These results can be used to test this application and as a guide to conducting testing for
other pieces of software in similar situations. The finished test plan can be used as a base for
other test plans. This thesis can also be used as a base for further integration and E2E testing

research.



24

References

About issues, 2025. GitHub Docs. Accessed: 7.4.2025. [Online] Available:

https://docs.github.com/en/issues/tracking-your-work-with-issues/about-issues

Ahamed, S.S.R., 2010. Studying the Feasibility and Importance of Software Testing: An
Analysis.
Bug tracking template, 2025. Jira Templates. Accessed: 7.4.2025. [Online] Available:

https://www.atlassian.com/software/jira/templates/bug-tracking

Composer: A Dependency Manager for PHP, n.d. Get Composer. Accessed: 24.3.2025.
[Online] Available: https://getcomposer.org/

Dustin, E., Garrett, T., Gauf, B., 2009. Implementing Automated Software Testing: How to
Save Time and Lower Costs While Raising Quality. Pearson Education.

Farrell-Vinay, P., 2008. Manage software testing. Auerbach Publications, Boca Raton.
Getting Started with Latte, n.d. Latte. Accessed: 24.3.2025. [Online] Available:
https://latte.nette.org/en/guide

IEEE at a Glance, 2025. IEEE. Accessed 31.3.2025. [Online] Available:

https://www.leee.org/about/at-a-glance.html

IEEE Computer Society, n.d. SWEBOK - The guide to the Software Engineering Body of
Knowledge, 3rd ed.

IEEE Standard for Software Test Documentation, 1983. Available:
https://doi.org/10.1109/IEEESTD.1983.81615

Kasurinen, J.P., 2013. Ohjelmistotestauksen késikirja, 1st ed. Docendo, Jyvéskyld, Finland.
Kit, E., Finzi, S., 1995. Software testing in the real world: improving the process. ACM
Press: Addison-Wesley Pub. Co, New York, N.Y. Wokingham, England; Reading, Mass.
Most used web frameworks among developers worldwide, as of 2024, 2024. Statista.
Accessed 9.4.2025. [Online] Available:

https://www.statista.com/statistics/1124699/worldwide-developer-survey-most-used-

frameworks-web/

Mpyers, G.J., Badgett, T., Thomas, T.M., Sandler, C., 2004. The art of software testing, 2nd
ed. John Wiley & Sons, Hoboken, N.J.

Nette, n.d. Accessed 24.3.2025. [Online] Available https://nette.org/



https://docs.github.com/en/issues/tracking-your-work-with-issues/about-issues
https://www.atlassian.com/software/jira/templates/bug-tracking
https://getcomposer.org/
https://latte.nette.org/en/guide
https://www.ieee.org/about/at-a-glance.html
https://doi.org/10.1109/IEEESTD.1983.81615
https://www.statista.com/statistics/1124699/worldwide-developer-survey-most-used-frameworks-web/
https://www.statista.com/statistics/1124699/worldwide-developer-survey-most-used-frameworks-web/
https://nette.org/

25

Royce, W.W., 1987. Managing the development of large software systems: concepts and
techniques, in: Proceedings of the 9th International Conference on Software Engineering,
ICSE ’87. IEEE Computer Society Press, Washington, DC, USA, pp. 328-338.

Run JavaScript Everywhere, n.d. Accessed: 24.3.2025. [Online] Available:
https://nodejs.org/en

Runeson, P., Host, M., 2009. Guidelines for conducting and reporting case study research
in software engineering. Empir Software Eng 14, 131-164. https://doi.org/10.1007/s10664-
008-9102-8

Skvorc, B., 2015. The Best PHP Framework for 2015: SitePoint Survey Results. Sitepoint.

Accessed: 24.3.2025 [Online] Available: https://www.sitepoint.com/best-php-framework-

2015-sitepoint-survey-results/

Tassey, G., 2002. The Economic Impacts of Inadequate Infrastructure for Software Testing
(No. RTI Project Number 7007.011). U.S. National Institute of Standards and Technology.
Wohlin, C., 2012. Experimentation in software engineering, Nouv. ed. ed. Springer,
Heidelberg.

Yin, R.K., 2018. Case study research and applications: design and methods, 6th ed. SAGE,
Los Angeles.


https://nodejs.org/en
https://doi.org/10.1007/s10664-008-9102-8
https://doi.org/10.1007/s10664-008-9102-8
https://www.sitepoint.com/best-php-framework-2015-sitepoint-survey-results/
https://www.sitepoint.com/best-php-framework-2015-sitepoint-survey-results/

Appendix 1: The finished test plan

Test plan for Elo
TP-ELO-2025-v25.03
Introduction:

This test plan outlines the strategy, scope, and activities needed for testing Elo version 25.03.
Elo is a web-based application developed using the XAMPP stack (PHP, MySQL, Apache)
and the Nette framework. It supports camp registration, participant management, grouping,
payments, automated emails, and other useful tools for camp organizers and administrators

to streamline operations and improve camp management.

Relevant standards: 829-1983 — IEEE Standard for Software Test Documentation.

Test items:
Application name: Elo
Version 25.03

Components:
* Frontend (HTML/CSS/JS created from the Latte templates and PHP code)
» Backend logic
» Database

» API layers

Application development and version control are handled in Git; the app is delivered from

GitHub. The app requires installation on a local XAMPP environment.

Features to be tested:
« Sign up form

* Adding campers to the database



* Modifying camper information

* Grouping functionality based on all available variables
» User authentication

* Role-based access control

* Registration

* Login

« 2FA

» Handling campers’ data

* Admin features

Features not to be tested:

Automated integration or end-to-end testing is needed due to the lack of resources.
* Email services
* Third-party payment systems
* Accommodation handling
* Check-in functionality
» Calendar

« Camp letters

Anything not specified in the previous section will not be tested.

Approach:
Strategy:

» Manual testing: Ul flow validation, role-based access control, everything looks as

intended



* Automated unit testing: Especially backend logic
» Integration testing: If resources, form submissions, and database updates
» Regression testing: After bug fixes or feature merges.
Techniques:
» Black box testing for UI features

« White box testing for unit tests

Constraints:
* Sporadic development schedule

» Availability of test data

Item pass/fail criteria:
» Pass: All critical test cases pass. No critical severity bugs.

+ Fail: Any critical feature fails, or crash occurs in normal usage.

Suspension criteria and resumption requirements:

» Suspension: Build is unstable or inaccessible; login or database failure; bug blocking

testing reported

« Resumption: All bugs blocking testing have been resolved, and a new stable build

has been deployed.

Test deliverables:
» Test plan document (this)
» Test case specs

* Bug reports (Jira/GitHub issues)



* Test summary report

» Automation scripts and stubs

Testing tasks:
Dependencies are application requirements and complete documentation of the application.
1. Requirement analysis
2. Test environment preparation
3. Designing test cases
4. Executing test cases
5. Logging defects and tracking fixes
6. Conducting regression testing

7. Compiling final report

Environmental needs:
Required:
« XAMPP
e Browsers: Chrome, Firefox, Safari
» Operating system: Windows/Linux/Mac

» Editor: e.g. VS Code

Desired:
» CI/CD pipeline (e.g. GitHub actions)
» Network with restricted access for testing
*  Mockup database

» Docker image of the development and test environment



Responsibilities:

Group Responsibility

Quality Assurance team Test design, execution, logging

Developers Fix defects and bugs, provide builds,
develop application

DevOps Maintain test environment

Project manager Test oversight, progress monitoring

Staffing and training needs:
» Ateam of around 3 testers
» Developer
* DevOps Engineer
* Project manager
+ Unit testing orientation session
* Nette Framework orientation session

* Quality assurance meeting about this particular project

Most people working on this project do not have any formal education in the field, which
must be considered. Roles can be added or removed depending on the number of volunteers.

One person can work many roles.

Schedule:
Task Duration Weeks
Defining project 1 week Week 23 of 2025

requirements



Project documentation
Development cycle
Test planning

Test design
Environment setup
Test execution

Bug fix and retesting

Final reporting

4 weeks

25 weeks

1 week

2 weeks

1 week

4 weeks

3 weeks

1 week

Weeks 24-27

Weeks 28-52

Week 1 of 2026

Weeks 2-3

Week 4

Weeks 5-8

Weeks 9-11

Week 12

Risks and contingencies:

Risk

Contingency

Time delays

Volunteer unavailability

Lack of education

Reschedule testing timeline

Check availability beforehand and
organize testing around volunteer

availability.

Organize basic training

Approvals:

Name Title

Signature

Date




