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Abstract

The increasing digitalization of education has highlighted the limi-
tations of traditional paper-based exams, particularly regarding effi-
ciency, security, and sustainability. Existing digital exam platforms,
such as Inspera, often fall short in subjects requiring sketches, for-
mulas, or structured formatting. This thesis addresses the need for
a more flexible solution with improved usability that supports both
students and teachers.

The aim of the project is to further develop a digital exam application
for Android tablets that enables both freehand drawing and structured
text input. Building on a previous project, this work focuses on im-
proving usability and strengthening security, with the overall goal of
reducing administrative workload and enhancing the exam experience.

Through usability testing, key usability challenges and security con-
cerns were identified and addressed. New features such as a lasso tool,
recovery codes, automatic submission, and time-restricted access were
implemented to meet these needs. While participants generally found
the interface intuitive, some aspects such as switching between draw-
ing and scrolling require further refinement.

The final prototype combines core exam functionality with a clean
and efficient interface. Results indicate that tablet-based exam sys-
tems can improve flexibility, accessibility, and user experience. Future
development should explore accessibility adaptations and integration
with external administrative systems.

Keywords: Digital exam platforms, Usability, Security, Android tablets,
Structured text input, Freehand drawing
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Sammandrag

Digitaliseringen inom utbildningssektorn har tydliggjort begransning-
arna med traditionella pappersbaserade tentor, sarskilt nar det galler
effektivitet, sdkerhet och hallbarhet. Dagens digitala tentaplattfor-
mar, sasom Inspera, ar ofta otillrackliga for &mnen som kraver ritning-
ar, formler eller avancerad formatering. Det finns darfor ett tydligt
behov av en mer flexibel, anvandarvanlig och mangsidig 16sning som
kan mota studenternas och lararnas behov.

Syftet med detta examensarbete ér att vidareutveckla en digital ten-
tamensapplikation for Androidsurfplattor som erbjuder bade ritfunk-
tioner och strukturerad texthantering. Arbetet bygger vidare pa ett
tidigare projekt och fokuserar pa att forbattra anvindbarheten och
starka sakerheten. Malet dr att minska den administrativa arbetsbor-
dan och forbattra tentamensupplevelsen.

De huvudsakliga problemen som identifierats rorde bristande anvan-
darvéinlighet och sakerhetsbrister i befintliga 16sningar. Dessa adres-
serades genom anvandbarhetstester och implementering av nya funk-
tioner sasom lasso-verktyg, aterstallningskoder, automatisk inlamning
och tidsstyrd atkomst. Testerna visade att applikationen generellt var
intuitiv, men att vissa funktioner, exempelvis textinmatning och vax-
ling mellan rit- och rullningslage kunde forbattras ytterligare.

Den fardiga applikationen kombinerar central funktionalitet for tentor
med en tydlig och effektiv grianssnittsdesign. Resultaten visar att surf-
plattebaserade tentamenssystem kan ge 6kad flexibilitet, tillganglighet
och anvandarupplevelse. Framtida utveckling bor inkludera ytterliga-
re tillgdnglighetsanpassningar och integration med externa system for
studieadministration.
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1

Introduction

This chapter introduces the background and motivation for the project,
outlines the project’s purpose and scope, and presents the key research
questions. Furthermore, it reviews related work and existing solutions
within digital examination systems. Lastly, the chapter explains the
starting point of the project, its connection to an earlier prototype,
and the specific conditions and limitations that shaped the direction
of the work.

1.1 Background

As the world becomes more digital, education systems must be in-
tegrated. Therefore, an efficient system is crucial to facilitate the
examination writing process and optimize the grading process for stu-
dents and teachers. Although the classic pen-and-paper format is still
the most common way to write exams, more technical solutions have
been introduced to conduct online exams in recent years.

Educational institutes deliver digital exams with the help of a third-
party platform [1]. For example, Inspera is a program that allows stu-
dents to take exams on a computer, and it has been adopted by many
institutions. However, it currently does not fully meet the required
needs. Inspera, like many other examination platforms, is designed
for computer-based use and primarily supports text input. This for-
mat lacks the flexibility required to serve as a standardized method for
all types of exams. Inspera has limitations when it comes to drawing
figures or writing formulas, which are essential in exams for subjects
such as mathematics or chemistry [2].

Because traditional exam platforms struggle with flexibility, especially
for subjects that need more than simple text or multiple-choice an-
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1. Introduction

swers, tablets would be a better option to consider that could provide
features to write, draw, and interact with, as well as offering stylus
and touch capabilities.

This project builds on previous work completed by a group of com-
puter science students who initiated this product as part of a course
project. The product is called "Tentamina Applikation" and is a pro-
totype that handles digital exams on tablets. The application offers
features for writing and drawing figures and a "Teacher Portal" where
teachers can create the exams [3]. By extending this foundation, the
current project aims to address key challenges and improving the sys-
tem for effective use during exams.

Two areas noted for improvement were usability and security. In the
context of this project, usability refers to creating an intuitive exam
experience for students and ensuring easy access to editing tools dur-
ing the test. This is important since it ensures that students can ex-
press themselves accurately without interference. Furthermore, proc-
tors and teachers are not considered our primary target group thus,
improving the usability for them is not the primary concern.

At the same time, the sensitive nature of exam data introduces strict
requirements for security. In the context of this project, security refers
to ensuring that students’ work is saved during the exam, that access
to the exam is restricted to the correct time and authorised users, and
that interruptions can be recovered without data loss. This is impor-
tant for building a reliable platform where students can feel confident
that their work will not be lost, while also preventing cheating. These
combined challenges set the direction for the work carried out in this
project.

1.2 Purpose

The aim is to further develop the exam application by providing an
intuitive and secure platform for digital exams on tablets. Features
such as editing tools for drawing and writing are offered to simplify the

2



1. Introduction

examination process for students. The idea is to provide the student
with enough tools to be able to complete exams in different subjects
where diagrams, formulas, or sketches can be a part of the answer.

To achieve the purpose of this project, the following research questions
will be addressed:

o How can a tablet based digital examination platform be designed
to serve as an effective substitute for pen and paper exams with-
out limiting the students’ work?

o What security measures should be implemented to ensure that
a tablet based examination platform is as secure and reliable as
pen and paper exams?

o What can user testing of the interface reveal about usability chal-
lenges, and how can this feedback be used to improve the exam
experience?

1.3 Related Work

In recent years, examinations have experienced major transformations
with the use of digital assessment platforms such as Inspera. However,
these platforms often lack the necessary functionality and usability for
certain subject areas [2]. Well-designed tools are essential for digital
assessments to accurately reflect the syllabus.

1.3.1 Digital Examination Platforms and the DISA Project

The University of Gothenburg started a project to modernize the edu-
cation system in Sweden by moving from paper exams to digital ones
in 2014. The goal was to have 65% of the exams digital by 2019 and
to make the exams more efficient, secure, and accessible [4]. Several
educational institutions across Sweden currently utilize the Inspera
digital platform for assessments.

Inspera is a computer-based platform designed specifically for text-
based examinations, providing a secure and reliable exam environ-
ment. This system uses the Safe Exam Browser (SEB) to maintain
exam security and offers functionalities such as anonymous grading,

3



1. Introduction

exam scheduling, question creation, and integration with external sys-
tems such as Ladok [5]. While widely used, it is limited to desktop
usage and lacks drawing capabilities, which can make it less suitable
for subjects requiring visual representations [2].

To obtain additional insights into digital assessments, a personal inter-
view was conducted with Maria Sunnerstam, a former project leader
for the DISA at the University of Gothenburg, on March 27, 2025.
During the interview, Sunnerstam shared that the School of Business,
Economics, and Law initiated the digital exam project in 2013 and
expanded it across the entire institute by 2016.

Early pilot projects, supported by the Pedagogical Development and
Interactive Learning (PIL) unit, tested available systems after es-
tablishing connections with the Danish company Wiseflow and the
Swedish company DigiExam. Ultimately, the decision was made to
choose Inspera, which was a Norwegian company. Sunnerstam noted
that some important questions were addressed during the project, such
as the concerns about ensuring security, students’ experience with the
platform, and teachers’ views on the platform’s functionality. These
factors were crucial for a successful implementation of a system that
was both efficient and reliable.

1.3.2 Implementation and Security

The small-scale tests demonstrated the project’s operational and tech-
nical issues, while it was helpful for the institution to prepare the
ground for the adoption of DISA and shift to digital exam tools.
Sunnerstam explained that the university decided not to have fixed
computers in exam halls due to the complexity and regular service
costs. For security reasons, it was important that digital exams could
not simply be set up anywhere. Institutions should not be allowed
to organize a digital exam remotely since security cannot be ensured.
Instead, DISA was implemented within controlled and secure exam
rooms equipped with private networks. This configuration helped to
find out about any attempts to connect external devices. There were
particular concerns that students may find some ways to allow ex-
ternal parties to take remote control of devices during exams. One

4



1. Introduction

important question that came up was whether students should bring
personal laptops or if the university should supply computers on-site.

After carefully considering the financial implications, the University
of Gothenburg chose to provide a certain number of loaner laptops for
students who lack access to a suitable device or face technical prob-
lems during the exam. The first approach followed a Bring Your Own
Device (BYOD) model. The DEX project mainly focused on academic
integration and secure delivery through the Safe Exam Browser (SEB).
DISA uses a BYOD model, which allows students to use personal lap-
tops or borrow one if needed, making the process more flexible. How-
ever, it is mainly built for use on desktops and laptops. Despite some
efforts to add drawing features, these remained basic and were not
fully integrated into the system [6].

As highlighted by Sunnerstam, during the DEX project, an external
company performed security auditing, and the results were kept pri-
vate to protect the system. Additionally, the project required training
in managing digital exams and identifying academic dishonesty. The
grading interface proved beneficial for teachers, particularly for large
courses with numerous assessments. Students appreciated the flexi-
bility of digital platforms in accommodating individual needs, such as
not having to worry about handwriting difficulties, having extended
exam time, special seating, and support for tools like screen readers.

1.3.3 Challenges and Limitations

The interview with Sunnerstam provided valuable insights about using
these systems on a large scale. Digital exam platforms have several
common limitations. These include a high level of technical setup for
installation, lockdown, and network configurations. Limited support
for tablet-based processes can also reduce adaptability in certain sit-
uations.

Sunnerstam points out that platforms like Inspera allow specific tools
during exams, like SPSS for statistical analyses or a pharmaceutical
system that Sahlgrenska was permitted to use for accessing patient

5



1. Introduction

data. However, she also notes unresolved challenges, such as keyboard
layout switching during language exams and other environmental fac-

tors like inadequate lighting or poor screen contrast in examination
halls.

The experience with digital examination platforms indicated the po-
tential and limitations currently existing and highlighted the impor-
tance of further development in digital assessment solutions.

1.4 Starting Point: Inherited Student Project

The starting point of the project was a partially developed digital ex-
amination system, implemented by another student group at Chalmers
University of Technology [3]. The system consisted of two main com-
ponents, an examination application and a web-based teacher portal.
This previous work served as a foundation for the current project. Al-
though it provided a valuable starting point, the system also had some
limitations. The primary problems were related to usability issues in
the student exam interface, which lacked intuitive navigation and es-
sential functionalities. Additionally, there were security vulnerabilities
that allowed students to access exams without proctor supervision,
start exams before the allowed time, and retake exams multiple times.
These issues formed important areas for improvement in this project.

The following sections describe the technical conditions at the time of
handover, as well as the status of the system, including known issues
and areas identified for improvement by the previous group.

1.4.1 Inherited Codebase and Architecture

At the time of the project handover, the previous group provided a
codebase structured into two main parts: the teacher portal and the
exam application. It consisted of a single repository where both the
teacher portal and the exam application were located. The exam ap-
plication was primarily developed in Android Studio using Kotlin as
the programming language and Jetpack Compose as the framework.
On the other hand, the teacher portal was structured as a web appli-
cation with Node.js and Express to enable REST API communication

6



1. Introduction

with the exam application and the database. The previous group also
used JSON as the data format for interactions between the client and
server. Contents of the exam were stored in the database, while sub-
mitted exams were stored in a folder in the Exam API. The exam
application also used a backup system where progress was saved to
an SD card on the tablet [3]. A more detailed explanation of the sys-
tem’s architecture, including the roles of Jetpack Compose, Node.js,
and Firebase, is provided in section 2.1 System Design.

1.4.2 Known Issues and Limitations at the Handover

At the project handover, the previous group had identified several is-
sues and areas for potential improvement. This section will present
the status of the system based on the observations by the previous
group, focusing on known problems and incomplete implementations.

Regarding the exam application, one issue was that the lock mech-
anism, which prevents the user from exiting the application, could
be bypassed by the user. Another issue was related to PDF export,
where manually inserted line breaks in text input fields were deleted,
resulting in PDF formatting that differed from the intended layout.

The history control also showed two primary issues. One was that
the undo function could remove multiple drawings at once, instead
of removing them step-by-step, leading to potential exam data loss.
The other issue was that the application did not keep a separate undo
history for each question, which meant it could undo changes in the
wrong place and cause unintended progress to be lost. It was also
observed that saving progress via the backup system was a resource-
demanding operation. Additionally, the application did not support
error notifications in failure scenarios, for example, if an SD card was
not detected or a submission failed [3].

Furthermore, one limitation of the teacher portal was the absence of
integration with external platforms, such as Ladok, for handling stu-
dent data. The interface of the Teacher Portal at the time of the

handover can be seen in figures A.10, A.11, A.12, A.13 and A.14 in
Appendix A. The portal also missed editing capabilities and supported

7



1. Introduction

only text-based questions. The Exam API was not hosted on a remote
server so it ran locally on our computers which worked during devel-
opment but not in a real production setting [3]. Figure 1.1 and 1.2
below showcase how the examination application interface looked like
at the time of the handover. The design was minimalist, including
a white canvas with drawing functionality as the primary view and
a side menu for navigation between the exam questions. The color
scheme, particularly in the login view, had very low contrast, which
made it hard to see the recover button.

2025-01-10

Please enter the following information and check in
to the exam

CHALMERS

Figure 1.1: Tentamina Applikation: Figure 1.2: Tentamina Applikation:
Login page. Draw view and sidebar.



1. Introduction

1.5 Scope

The application was considered to be developed exclusively for An-
droid tablets. This decision was made in consultation with the stake-
holders at Chalmers University of Technology, who have concluded
that alternative tablets are not within the budget for the intended
implementation. To stay consistent with the previous project group’s
approach, no development for other operating systems will be included
at this stage.

Furthermore, integration with Ladok to identify which students will
take the examination will not be implemented. This functionality is
reserved for a future stage. For the present project, the primary focus
will remain on the application’s functionality.

Similarly, it has been determined that the application will not be
hosted on Chalmers’ servers. This decision aligns with the previous
group’s work, as the primary focus remains on the internal function-
ality of the application. The specifics of how the application com-
municates with servers and other devices will be addressed in future
development phases.

The project will primarily focus on the design of the user interface
and user experience, with security as a secondary priority. Some se-
curity features and considerations will naturally be integrated during
the development process, in alignment with the functionality being
implemented.

Another design choice is that the application will not display digital
questions. Like most of the exams that require handwritten answers,
the questions will be provided on paper during examinations. This
decision was made because of the tablet’s small screen size, which
could interfere with the student’s workflow. Instead, the tablet is
intended to act as a direct substitute for pen and paper with the
intention to optimize the writing experience.



2

Theory

This section presents the architecture of the exam application, which
served as the foundation for the work. It also presents the theories
behind the implementation of the examination interface and the the-
oretical background of the usability testing methods employed.

2.1 System Design

The Exam Application consists of three components:

« Exam Interface: The interface used by students to complete

and submit exams.

o Teacher portal: A website where teachers create exams and

review submissions.

o API: Backend server with all endpoints used by the exam inter-
face and the Teacher portal.

Below, figure 2.1 illustrates the high-level architecture of the Exam
Application and how the API, Exam Interface and Teacher Portal

interact with each other.

API

Exam Interface

Teacher portal

Figure 2.1: High-level architecture.
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2. Theory

2.1.1 API

The Application Programming Interface (API) is built with Node.js
and Express. Node.js is a runtime that enables the developer to write
server-side applications in Javascript. Node’s main advantage is its
non-blocking, event-driven architecture, which lets it handle tens of
thousands of concurrent connections on a single thread without need-
ing to switch between threads [7].

Express is a minimalist web framework for Node.js used to build web
applications and APIs quickly and with minimal overhead [8]. The
APT’s purposes are to expose REST endpoints used by the Exam in-
terface and the Teacher portal. The server has a connection to a Fire-
base real-time database for data storage and validation [9]. Student
submissions are stored as PDF files on the server’s disk.

2.1.2 Teacher Portal

Web interface that uses the API to render HTML pages server-side
with Express. The Web interface allows teachers to create and edit
exams. In addition, it is possible to view and download student sub-
missions.

2.1.3 Exam Interface

The Exam interface is built with Jetpack Compose, Android’s modern
toolkit for building native user interfaces in a declarative and reactive
style. Jetpack Compose simplifies User Inteface (UI) development by
using composable functions instead of XML layouts. It allows devel-
opers to build Uls that automatically update when application state
changes [10]. The application follows the Model-View-ViewModel
(MVVM) architecture to ensure clean separation of concerns. In this
architecture, the Model handles the business logic and data, the View
is responsible for rendering the Ul, and the ViewModel is a media-
tor that exposes observable state to the UI and decouples it from the

Model [11].

11



2. Theory

2.1.4 High-Level Component Overview

o Presentation Layer: Responsible for the user interface and user
interactions.

— MainActivity is the entry point of the application that sets
up the UI and manages navigation between different screens.

— LoadingScreen, WaitingScreen, RichEditorScreen, and Draw-
ingScreen are composable functions that represent various
screens for different application states.

e View Model Layer: Intermediaries between the UI and the data
models, ensuring that the Ul remains responsive and can react to
data.

— TentaViewModel manages the state of the drawing canvas,
user interactions, and the list of canvas objects.

— ExamlInfo handles exam-related data, including fetching exam
details from the server and managing recovery modes.

e Model Layer: Encapsulate the data structures used throughout
the application.

— CanvasObject, Line, TextBox represent the drawable objects
on the canvas.

— SerializableCanvasObject, SerializableLine, SerializableTextbox
are used for serialization and deserialization of exam data for

JSON and PDF conversion.

In figure 2.2 below, the picture illustrates the high-level component
architecture of the system.
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{ MainActivity

Figure 2.2: High-level component architecture.

2.1.5 Data Flow

When a student starts an exam, the following steps take place:

1. The student checks into the exam using an anonymous code and
a course code.

2. API verifies credentials and the exam data is queried from the
database.

3. As the student writes or draws answers, the work is saved in-
memory and synced to a SD card every 5 seconds so that exam
progress can be restored if the tablet accidentally turns off.

4. Once the exam is submitted, the answers are converted to a PDF
file and sent to the API where its stored on disk with other stu-
dent submissions for that exam.

Below, figure 2.3 illustrates how data flows within the system.
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Figure 2.3: Data flow.

2.2 Design Patterns and Principles for Exam In-
terface

To create an intuitive and effective user interface that the user easily
can navigate through and understand well, it is important to use well-
known and well-proven design patterns. These patterns help solve
common design problems and support better user interaction.

The canvas plus palette is a well-known design principle described
in the book "Designing Interfaces', which involves a clear separation
between the workspace (canvas) and the toolset (palette) [12]. This
design principle is common in creative applications, where the primary
goal is to produce or create something. The canvas is normally placed
in the middle of the screen, since it is the most central part of the
application, while the editing tools are positioned nearby to ensure
easy and efficient access.

Progress indicator is another common design principle. The purpose
of progress indicators is to show the user how much progress has been
made. This often occurs in situations where the user is in a time-
consuming operation [12]. This kind of indicator is normally done as
filled lines or step-by-step progress bars, but it can also be done with
check-marks or other simple symbols and icons. The goal is to give
users a clear sense of the progress that has been achieved [12].
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2.3 Usability Testing

Usability is a measure of how well a specific user in a specific context
can use a product to achieve a defined goal effectively and satisfactorily
[13]. In the context of this project, usability refers to creating an
intuitive exam experience for students and ensuring easy access to
editing tools during the test. Usability testing is a crucial part of the
development process. It is the main way to verify that the application
is functional and works properly in real-life situations. The goal of
the testing is to identify problems, improve the design, and ensure the
application meets the users’ needs. Studies have shown that testing
with 5 to 8 users is often enough to uncover the majority of usability
issues, as additional users tend to reveal similar findings [14]. There
are several different methods for conducting user tests, for example,
the observation- and the think-aloud- method. These methods can be
combined to achieve better results.

2.3.1 Heuristic Evaluation

Heuristic evaluation is a usability inspection method in which a small
group of evaluators assess an interface based on established usability
principles, commonly known as “heuristics.” These principles, such as
visibility of system status, user control and freedom, and consistency,
serve as guidelines to identify common usability issues. This method
is particularly relevant for similar design projects, as it allows early
identification of problems without requiring large-scale user testing.
It is especially useful when access to real users is limited or when time
and resources are constrained during the initial design phase [15].

2.3.2 Observation

Observation is a usability testing method where the test leader ob-
serves how participants interact with the system without interfering.
The goal is to get an objective view of the experience, without influ-
encing the natural behavior of the participants. By doing this, it is
possible to capture reactions and see how users actually behave and
think while using the product [16].
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A basic distinction is made between direct and indirect observation.
In direct observation, the researcher is present and observes users in
real-time, while in indirect observation, data is analyzed retrospec-
tively through recordings or documents. Both types of observation
can be conducted either in the field, the user’s natural environment,
or in a controlled environment such as a laboratory [16].

Observation is often combined with other methods such as interviews,
questionnaires, or the think-aloud technique, where participants ex-
press thoughts verbally while performing tasks.

2.3.3 Think-Aloud Method

The think-aloud method involves asking participants to verbally ex-
press their thoughts while completing tasks during a test [17]. Users
describe the experience interacting with the application, as well as
explaining their thought process while solving the tasks. The users
are encouraged to describe what is confusing and what works well.
This insight helps uncover design issues that might be hard to detect
through observation alone.
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Method and Material

This chapter describes the methods and materials used in the de-
velopment and evaluation of the exam application. It begins with a
user-centered problem analysis using user stories, which guided the
creation of the first version of the application. This is followed by an
explanation of the usability testing conducted in the second iteration,
including the setup, participants, and data collection methods used to
evaluate the application’s core functionality.

3.1 Heuristic Framing of Design Challenges

In the absence of certified usability experts, the project group adapted
the heuristic evaluation method by conducting an internal review
based on established usability principles. Acting as informal evalu-
ators, the group assessed the earlier version of the application against
these heuristics to identify initial areas for improvement. This anal-
ysis served to frame the early understanding of usability needs and
guided the formulation of the design challenges. It also provided the
foundation for the use of user stories in the next phase, enabling a
translation of abstract usability principles into concrete, user-centered
development goals.

3.2 User-Centered Problem Analysis

To better frame the problems that need to be solved for students, the
user story framework was used to define expectations and challenges
as detailed in table B.1 of the Appendix B. User stories are short
statements about a feature written from a user’s perspective. The
statements are not primarily about the feature itself, but rather what
the user needs [18]. This method was used during the first iteration
of the project and served as the foundation for creating the Minimum
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Viable Product (MVP). This approach made it possible to formulate
relevant questions and identify areas that required improvements while
still leaving room for how the implementation will be developed.

3.3 Usability Testing

When the first iteration of the project was done, it was time for us-
ability testing to actually evaluate the product on real users. The
purpose of the usability testing is to evaluate the usability and core
functionality of the application. During the test, the focus was on the
application’s ability to handle freehand drawing, text input, naviga-
tion, toolbar functionality, and overall system responsiveness.

The test questions were constructed to resemble real-world exam situ-
ations, with each task targeting one or more specific features of the ap-
plication. This included tasks such as drawing shapes, writing and for-
matting text, switching between questions, and submitting the exam.
After completing the tasks, participants filled out a structured ques-
tionnaire evaluating individual experiences.

3.3.1 Material

The usability tests were conducted using a Samsung Galaxy Tab S6
Lite, a small keyboard of the model R-Go Compact Break Keyboard
and a digital pen called S Stylus Pen.

The version of the application that the participants were tested on was
the MVP version. This iteration of the application is a version that
contains the basic functionality for a functional examination platform,
that the group members of this project has defined. The MVP ver-
sion of the application enabled the participants to interact with the
application by drawing and writing answers on digital paper, incorpo-
rating key functionalities such as erasing, undo, redo, adjusting pen
and eraser size, inserting small text boxes for additional comments,
and responding to fully text-based questions. Below, figure 3.1, 3.2,
3.3, 3.4, and 3.5 show the interface of the MVP version of the appli-
cation that was used during the usability testing.
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Figure 3.5: MVP: Text view.

During the test, participants were given a paper exam with nine ques-
tions that required them to use the tablet exam application. Each
question focused on a specific feature of the application.
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3.3.2 Test Procedure

Each testing-session took place in a quiet room, this could for example
both be on campus or within the home of the test leader. Only the
test participant and the test leader were present during the session,
which ensured a focused and controlled environment for the testing.

This setting allowed for a clear interaction between the user and the
application, minimizing distractions and external influences that pos-
sibly could impact the test results.

The test procedure had the following structure, each participant:

1. Received verbal instructions and an introduction to the setup.

2. Logged into the application and completed a digital exam con-
sisting of 9 tasks.

3. Submitted the exam digitally within the app.

4. Filled out a feedback form using Google Forms.

The direct observation methodology was used for the testing, within
a controlled environment. The test leaders refrained from assisting
or guiding participants through the tasks, while the participants were
solving them. This approach was chosen to allow participants to ex-
perience the application as users naturally would, without external
influence.

The think-aloud method was applied in addition to the observation
method. This technique allows users to express ideas while interacting
with the system. This method was valuable in providing information
about user expectations and usability challenges to the test leader.

The test leader monitored and documented the performance of each
participant on each task. Every task was assigned a score from 0 to
3, as follows below in table 3.1.

This rating serves as a complement to the participants’ own evalua-
tions in the form, providing a clearer picture of which parts of the

20



3. Method and Material

Table 3.1: Observation-based task performance scoring.

Score Description

3 Task completed smoothly without any problems
2 Task completed after some hesitation or retries
1 Task completed with help from the test leader
0 Task could not be completed within the system

application worked well and which parts presented issues. The spe-
cific questions that were used in the usability testing are presented in
figure A.1, A.2, A.3 and A.4 in Appendix A. A summarized version of
the covered functionalities and features of the questions can be seen
in table 3.2 below.

Table 3.2: Test scenarios.

Test Scenarios Description

Log in with the course code and anonymous code.

Navigate through questions and make sure that no answers are lost.
Connect a keyboard and answer a text question and verify that line breaks
and formatting works as expected.

Draw freely by using a digital pen in the drawing mode.

Verify that "undo' and "redo" work and only affect the current question.
Verify that the eraser works.

Place a small text-box and verify that it works as expected.

Submit the exam.

Choose a different background style such as grid or lined, then verify that
it works properly in drawing mode.

Verify that the top menu clearly shows which question you’re on and that
scrolling through questions works as intended.

3.3.3 Participants

15 individuals participated in the usability testing, recruited through
the project group’s personal and professional networks. The goal was
to capture a broad range of user types to get a diverse dataset. The
participants varied in:

o Age (from 22 to 53).

e Previous experience with digital exams (first-time and experi-

enced users).

« Technical proficiency (self-assessed on a scale from 1 to 5).

« Functional variations (e.g. dyslexia, visual impairments).

e Male and female.
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o Participants who are both currently studying, and participants
who are working.

Research shows that between 5 and 8 participants are usually suffi-
cient to identify most usability issues [14], it was chosen to test with
15 participants. The reason for this was to ensure that no important
insights were missed, especially since several of the participants were
recruited through the personal network of the team, which could po-
tentially influence the results. This is discussed further in section 5.2
Reflections on the Usability Testing.

3.3.4 Data Collection

From the usability testing, there were two main types of data collected:

« Quantitative data: Structured form responses (e.g., Likert scales,
yes/no questions) on usability aspects such as navigation, draw-
ing, toolbar functionality, and system feedback.

e Qualitative data: Open-ended feedback questions from the
form, verbal think aloud- comments, and test facilitator notes.

The quantitative responses were compiled and analyzed using Excel
to identify averages and response trends. Qualitative data was the-
matically analyzed to identify common patterns and insights. This
analysis formed the basis for the results presented in chapter 4.

3.4 Design and Prototyping

The initial interface design of the application was created in the de-
sign interface tool Figma. These prototypes served as a foundation
for the application’s user interface and were iteratively refined during
the development of the examination application.

To design the interface of the examination application, known design
principles and design choices were applied. The primary design ap-
proach was based on the canvas plus palette design principle, as the
application is a creative application where the users draw on a canvas.
However, because the examination application requires more naviga-
tion than typically needed associated with the canvas plus palette
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pattern, some modifications were made to this pattern. Scrollable
tabs were added and used for navigation between questions, as well as
a side menu to store additional buttons and information that are not
essential on the main canvas view.
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Results

After conducting usability tests on the interface of the examination
application prototype, meaningful feedback was obtained to guide fur-
ther development. The main concerns included the clarity of the inter-
face, text and drawing modes, and the control features for submission
and navigation. This feedback helped evaluate the application’s us-
ability, identify problem areas, and validate the strengths of the core
features. The findings are summarized below.

4.1 Usability Test Results

The usability tests of the interface of the examination application pro-
vided both quantitative and qualitative insights into the strengths and
weaknesses of the platform. Participants generally found the applica-
tion intuitive, although several areas for improvement were identified.

4.1.1 Quantitative Results

Overall, the application received favorable ratings across key usability
areas, indicating that its core design effectively supports user inter-
action. A summary of the results from both evaluation methods is
presented in table 4.1 and 4.2 below.

Table 4.1: Average ratings grouped by feature category based on participant
responses.

Feature Category Average Rating (1-5)

General usability 4.51
Drawing with stylus  4.35
Text input 2.85
Toolbar functionality 4.46
UI clarity 4.85
Hardware experience 4.12
Overall impression 4.31
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Table 4.2: Test leader scores from observation.

Feature Category Average Rating (0-3)

General usability 2.87
Drawing with stylus  2.54
Text input 2.38
Toolbar functionality 2.45
UI clarity 2.69
Hardware experience 2.42
Overall impression 2.62

The usability evaluation combined both participant self ratings and
observation based scores, offering a thorough overview of the appli-
cation’s performance. For both evaluation methods, individual test
questions were grouped into broader feature categories based on the
intended purpose and function within the application to give more
meaningful comparisons between related functionalities.

The participant self ratings were generally positive, with most feature
categories receiving averages above 4.0. In particular, UI clarity re-
ceived the highest average rating of 4.85, followed by general usability
(4.51) and toolbar functionality (4.46). Drawing with the stylus and
hardware experience were also rated highly, at 4.35 and 4.12 respec-
tively. However, text input received a noticeably lower average of 2.85,
indicating room for improvement in handling structured text and for-
matting.

These findings were supported by the test leader’s observation based
scoring. The average overall score across all tasks was 2.62 out of 3,
showing that most participants were able to complete the tasks with
minimal difficulty. General usability tasks scored particularly well at
2.87, while drawing with stylus (2.54), toolbar functionality (2.45),
and hardware experience (2.42) received similar ratings, all slightly
below the overall impression average of 2.62. Text input again emerged
as the weakest area with an average score of 2.38, confirming that it
was a less intuitive part during interaction. These results suggest
that, while the core functionalities of the application performed well,
improvements in text handling would further enhance the overall user
experience.
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4.1.2 Qualitative Results

The qualitative feedback collected through the think aloud method
and open-ended questionnaire responses provided deeper insights into
usability. Participants found the application intuitive for basic tasks
such as navigating between questions and drawing freehand. However,
users also highlighted areas where the functionality could be expanded,
such as the need for better text formatting tools, the ability to zoom
while drawing, and more advanced selection tools like a lasso function.

Several participants mentioned uncertainty around the saving process
when moving between questions, which created unnecessary stress
during the test. Additionally, users wanted clearer feedback before
finalizing the exam during the submission process. While technical
performance was generally stable, some users reported minor input
lag when performing extended drawing tasks. A summary of the most
top three most frequently mentioned responses to selected open-ended
questions from Google Forms is presented below in table 4.3.
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Table 4.3: Summary of qualitative results from open-ended questions.

Question Top Responses
Did you miss any function-
ality?

o Clear "submit" confirmation.

« More advanced drawing tools (for ex-
ample lasso, copy, shapes and colors).

« Ability to zoom in/out.

Did you experience any

) e Unable to scroll.
screen response issues?

e Problems with the text box in draw
view (drag and drop does not work).
o Unfamiliarity with Android devices.

Best part of taking the

exam digitally? o Easy to correct mistakes.

e Faster and more efficient workflow.
o Less paper clutter.

Negative aspects of the dig-

ital exam experience? « Concerns about saving and reliability.

« Difficulties with scrolling.
e Technical issues.

Other comments or sugges-

tons? e Unclear scroll button.
ions?

o Better submission overview of unan-
swered questions.
o Issues related to typing in text view.

Overall, participants described the application as accessible and easy
to use once familiarized, but identified specific usability issues that, if
addressed, could improve the overall user experience.
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4.1.3 Identified Usability Issues

When analyzing the user tests, both quantitative results and qualita-

tive, some usability issues could be detected. These issues can be seen
below in table 4.4.

Table 4.4: Identified usability issues.

Usability Issue Description

Unclear "Submit" Confirma- | Participants expressed uncertainty about

tion whether the exam had been successfully sub-
mitted.

Problematic Enable Scroll- | Several participants found it challenging to

button switch between scroll mode and draw mode

on the exam. This lead to confusion on how
to scroll. Left handed people also uninten-
tionally pressed the button while using the

pen.
Lack of Advanced Drawing | Participants wanted more advanced features
Tools for the pen based questions, such as lasso-

feature or the ability to draw shapes like cir-
cles or squares.

Issues in text view Participants experienced minor bugs and
limitations in the text view. Bullet points
reset after pressing enter, formatting icons
were unclear, and a deleted character some-
times reappeared when switching questions.
Selecting specific text for formatting was also
restricted.

These issues were prioritized for improvement in the next sprint of the
project’s development.
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4.1.4 Identified Strengths and Well-Functioning Features

When receiving the feedback, there were some aspects that worked
as it was intended without any problems. In this following table, the
features that worked out as intended and met the needs of the users
is displayed below in table 4.5.

Table 4.5: Well-functioning features identified during testing.

Well Functioning Fea- | Description

ture

Information Button Navigating to the information button that is
located in the menu-bar were no issue for the
participants.

Navigating of drawing-tools | Participants navigated the different drawing
tool options without difficulty. The ability to
easily select the preferred paper type, as well
as adjust the pen and eraser sizes according
to the needs.

Submit Exam Participants had no problem navigating and
finding the "Submit" button. The submission
process was done without difficulties.

These well-functioning features demonstrate that several core func-
tionalities of the examination application already met the expecta-
tions of the participants. These features required little to no revision
and were kept largely in the same state.

4.2 Final Examination Application

This section presents the final version of the exam application de-
veloped during this project. Following the usability testing phase, a
range of changes were implemented in the examination application to
enhance the application based on user feedback, both regarding the
visual interface and new features.

4.2.1 Implemented Feautures and Final Examination Ap-
plication

The final version of the exam interface uses the Canvas Plus Palette
design principle as primary design pattern, with some additions such

29



4. Results

as navigation tabs and a side menu.

The interface features clickable and scrollable tabs for navigating be-
tween questions directly within the main canvas area. To complement
this, a side menu has been included, providing an overview of all ques-
tions and the current status (answered or unanswered). The Progress
Indicator pattern was applied within the side menu for this purpose.

Following the usability testing, several new features were implemented
in response to specific feedback from participants. One common re-
quest during the tests was for the ability to select and reposition hand-
written content or drawings. As a result, a lasso tool was implemented
in the final version. This feature allows students to outline, select, and
move elements on the canvas, enhancing flexibility in editing and or-
ganizing answers.

In addition, some participants expressed the need to copy and reuse
drawn elements, especially in tasks requiring repeated visual struc-
tures. Based on this feedback, a copy tool was added, enabling users
to duplicate and paste content within the canvas.

Feedback from testing in the text view also led to the resolution of a
bug where a deleted character would reappear after switching between
questions, ensuring consistent behavior when editing answers in the
text input.

To support better control over the workspace, a clear page tool was
introduced. While undo functionality already existed, testers found it
inefficient when wanting to erase all content from a page. The clear
page tool allows students to start over with a single action. A picture
of the toolbar with the different tools is illustrated in figure 4.10.

During the testing, exam security and fairness was identified as an
important aspect to address. In response, the final application also
includes a time management system to control access to the exam.
Examiners define the date, start time, and end time for each exam
in the teacher portal. This information is stored in the database and
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linked to the exam ID. When a student attempts to log in, the appli-
cation checks this data to determine if access should be granted. If
the student is too early, too late, or the exam date is incorrect, access
to the exam is blocked.

To make these restrictions clear, several warning modals have been im-
plemented. These notify the student immediately if the login attempt
is made outside the allowed time frame or if the exam data is missing.
In situations where the login is made on the correct date but before the
start time, the student is instead redirected to a waiting screen. This
ensures that the user remains within the app environment and avoids
confusion while waiting for the exam to begin. Additional modals are
also shown if an invalid anonymous code is entered, helping to guide
students during logins.

To ensure that exams end in a controlled way, the application includes
an automatic submission mechanism. If the exam duration runs out
while the student is still working, the interface locks and displays the
submission screen.

As another aspect of exam security, participants raised questions about
how resubmissions or exam recovery would be handled. In response
to this, a restriction on duplicate exam submissions was implemented,
ensuring that each student can only submit once, reducing the risk of
cheating.

Additionally, the need for better control when an exam is interrupted,
for example due to technical issues, was identified. As a result, a re-
covery code system was implemented, requiring proctor authorization
to resume an interrupted exam, adding an extra layer of security to
the process.

Some participants also highlighted that the absence of a visible timer
made it difficult to keep track of the remaining time. To improve this,
a countdown timer was added, accompanied by a 15-minute warning
message before the exam ends.
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Additionally, visual changes related to the scroll button in the draw
view were made after the usability testing. During the testing, many
participants experienced confusion regarding the button, finding it dif-
ficult to locate and understand how to use it, which can be seen in
section 4.1.3 in table 4.4. As a result of this, the button was redesigned
as a "toggle button" instead of a regular button. The toggle button
switches between two different labeled states: "Draw' and "Scroll,"
with the currently active option highlighted. Another issue regarding
the scroll button was the position of the button, left-handed partici-
pants activated the button unintentionally while writing with the pen
during the testing, which also can be seen in 4.1.3 Identified Usability
Issues in table 4.4. As a result, the button itself was also relocated to
the top left corner, instead of the bottom left corner. The result of
the toggle button can be seen in figure 4.3.

The final interface design also includes a submission pop-up dialog
when handing in the exam. The pop-up dialog includes a warning if
the student has unanswered questions left, a check-mark that the stu-
dent needs to check before being allowed to submit, and a note that
informs the user about not being able to edit the answers once sub-
mitted. This was done as a result of the feedback regarding that the
participants were unsure about whether the answers had been handed
in correctly in section 4.1.3 Identified Usability Issues. The result can
be seen in figure 4.9.

Below, in figure 4.1, 4.2, 4.3, 4.4, 4.5, 4.6, 4.7 4.8, 4.9, and 4.10,
the user interface of the final examination application is presented,
including improvements based on feedback from the usability testing,
as well as improvements to meet exam requirements. Additionally,
figure A.5, A.6, A.7, A.8, and A.9 illustrates the updated version of
the teacher portal which can be seen in Appendix A.
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Figure 4.7: Exam Application:
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Discussion

In this chapter, the development process and the final outcome of the
application will be discussed. The results from usability testing and
how they influenced the prioritization of features and the final product
will be explained. An analysis on how the initial prioritization was set
up, how it evolved based on user feedback, and evaluating whether our
early assumptions about missing functionality were accurate or not.
Additionally, development insights from working in sprints and ethical
considerations tied to the application’s intended use will be presented.
This chapter ends with a summary of the limitations of the current
solution and suggestions for future improvements.

5.1 Reflections on the Technical Architecure

As previously mentioned, the project was initially designed to support
only Android tablets. However, the choice of Kotlin as the program-
ming language makes future expansion to other platforms significantly
easier. Kotlin’s support for multiplatform development allows shared
code to run across Android, iOS, web, and desktop applications. This
means that if the project scope expands or shifts to other platforms
in the future, the transition will be smoother thanks to the language’s
cross-platform capabilities.

Kotlin not only simplifies development but also encourages code reuse
and consistency. Since most group members had prior experience
with languages like Java or C, many object-oriented programming con-
cepts such as classes, inheritance, and interfaces were already familiar.
Kotlin’s syntax is designed to be intuitive for Java developers, offering
a more concise and expressive alternative that enhances readability
and reduces boilerplate code. However, Kotlin’s smaller developer
community compared to Java presents certain challenges. There are
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fewer tutorials, examples, and community-driven resources available,
and some libraries, particularly in specialized or niche areas, are less
mature. This can result in additional time spent implementing basic
functionality from scratch, which limits the time available for devel-
oping more interesting or complex features.

While the Kotlin language itself was relatively easy to learn, under-
standing the inherited codebase posed a greater challenge. As noted
earlier, the application was not built from scratch but it was inherited
from a previous project group. Although starting fresh was an option,
choosing to build upon the existing code was the preferred option due
to the teams limited initial experience and the constrained develop-
ment timeline.

This decision brought its own set of complexities. In addition to learn-
ing Kotlin, the team needed to interpret the architectural choices and
logic made by the previous team. Much of their code had been written
under time pressure, which impacted readability and maintainability.
A particular difficulty was the high cognitive complexity in many parts
of the code, where large blocks of logic were contained in just a few
files rather than being modularized. Specifically, the core functionality

was heavily concentrated in two files: DrawingScreen and TentaView-
Model.

One clear area for improvement would be refactoring the code into
smaller, more manageable functions and adopting a more structured
approach to feature implementation. However, rewriting the entire
application from the beginning would likely not have produced bet-
ter results at that stage. The insights gained during the development
process had not yet been acquired, and starting from scratch would
probably have introduced similar challenges. Furthermore, a signifi-
cant amount of time would have been required to replicate existing
functionality, likely resulting in fewer implemented features.

One of the key architectural choices made by the previous group was
to route all database interactions through a centralized API. An al-
ternative approach that was considered was to handle database inter-

36



5. Discussion

actions directly within the Exam interface. Coupling the server-side
logic directly with the Exam interface could have made sense if it
were the only client interacting with the database. However, since
the teacher portal also needed access to the database to create and
manage exams, a decoupled architecture was clearly more appropri-
ate. Separating the backend logic from both clients ensured greater
flexibility and scalability, which made retaining the centralized API
an easy and well-justified decision during development.

Another observation made was that the API was implemented in
JavaScript, whereas the Exam Interface was developed in Kotlin. Ide-
ally, both the API and the client could have been written in Kotlin,
as Kotlin is not only well-suited for mobile development but also sup-
ports server-side applications, including API development. Using a
single language across the entire codebase would have improved con-
sistency, reduced context switching, and made it easier to understand
the overall system architecture. However, since more team members
were more familiar with Node.js and JavaScript than with Kotlin for
backend development, it was decided to retain the existing API imple-
mentation rather than rewrite it in Kotlin. As mentioned in section
2.1.1 API, Node.js is a performant runtime to use on the server so the
team was confident that load on the server was not either going to be
a problem.

5.2 Reflections on the Usability Testing

Through usability testing, a lot of valuable feedback was gathered, as
a result, some usability issues that otherwise would go unnoticed was
discovered. During application development, usability tests played an
important role in the development process and helped polish the prod-
uct into its final version.

A total of 15 participants took part in the usability testing. Due to
the limited availability of only two setups with tablets, pens, and key-
boards that had to be shared among group members, usability testing
was conducted with individuals from personal networks, as this was
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the most practical solution. This approach made the testing process
both faster and smoother than it would have been if usability tests
had to be arranged and scheduled with unfamiliar participants.

As mentioned earlier, research shows that 58 participants are often
sufficient to uncover most usability problems [14], which suggests that
our sample size of 15 participants was was relatively large. However,
because most participants were recruited through the team’s personal
and professional networks, the group lacked full diversity. To compen-
sate for this potential bias, the number of participants was increased
to 15. This was done to ensure more reliable results and to reduce the
risk of overlooking important usability issues.

If this project were to be redone, the aim would be to recruit a more
balanced mix of participants, including participants both familiar and
unfamiliar to the team. This would strengthen the qualitative and
quantitative aspects of the test data. Testing with a broader range
of participants would also help ensure more objective feedback while
still preserving the open communication that the think aloud method
benefits from. Some of the participants in the usability testing already
had a basic idea of the project being developed, and a few of the partic-
ipants had even seen early versions of the application. This familiarity
with the application might have influenced their feedback and overall
experience during testing. For this reason, a more balanced mix be-
tween know and unknown people would likely be a better approach to
the usability testing.

However, it is also important to acknowledge that there were certain
advantages with testing only on people that were acquainted. In par-
ticular, this seemed to be specifically beneficial when using the think
aloud method. By knowing the participants on a personal level, it
appeared to help participants feel more comfortable speaking freely
and sharing their thoughts as they completed the tasks. Based on
experience, all participants were sincere and had no problem commu-
nicating, both positive and negative thoughts during the tests. It is
believed that this approach benefited the quality of the qualitative
data, which might not have been obtained if testing had been con-
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ducted with unfamiliar participants. Despite the relatively small test
panel, and consisted consisting solely of known participants, it can
be confirmed that obtaining valuable insights about the results was
important.

Another important aspect of usability testing was that only one iter-
ation could be conducted within the time frame of this project. At
the beginning of the project, the interview with Maria from GU (see
section 1.3.1 Digital Examination Platforms and the DISA Project),
together with the Figma designs, user stories and early discussions,
contributed to shaping the MVP version of the exam application. The
MVP was used for usability testing, and after gathering feedback, it
was refined into the final product. However, an additional iteration
of usability testing would be particularly beneficial for this project.
Conducting a final test on the refined version could help ensure that
the results from the initial testing were accurately interpreted and
that the implemented changes effectively addressed the identified is-
sues and improved the product.

5.3 Development Insights and Feature Prioritiza-
tion

The usability tests significantly influenced the direction of the devel-
opment process. Initially, the feature prioritization list was based on
experiences group members had with other digital examination tools
and drawing programs. Since most people in the group consist of
computer science and IT students, these priorities reflected what was
thought users would need most. From the team’s perspective, ad-
ditional editing functionalities were wanted, as these features were
familiar from other drawing programs.

Thus, the core features implemented prior to user testing generally
functioned as intended, as reflected in the participant scores presented
in section 4, Results. However, the feedback from usability testing
showed that some features that were previously rated as medium or
even low priority by the team turned out to be much more important
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for other users. For example, the confusion around switching between
scroll and draw mode, and the lack of a confirmation dialog before sub-
mission, were not emphasized in the original plan but became central
usability issues during testing. Participants also requested features
such as a clearer overview of answered and unanswered questions and
the ability to select and manipulate drawn elements, suggesting that
tools like the lasso and two-finger scrolling were more important than
what had been anticipated.

As a result, priorities were changed after the usability testing ac-
cordingly. The team implemented features like the submission confir-
mation modal, clearer navigation overview, improved scroll handling,
and the lasso tool, all based directly on participant feedback. These
changes reflect a shift from an assumption-based roadmap to a user-
informed development strategy.

The decision to let the feedback guide development was driven by the
realization that initial prioritization lacked the diversity of real exam-
takers’ perspectives. The usability tests brought in participants with
varying technical backgrounds and experiences. By adapting to the
feedback, the final version of the application better addressed real user
needs and frustrations than the original plan would have allowed.

5.4 Reflections on the Final Examination Appli-
cation

Allowing the results from usability testing to guide refinements led
to a more intuitive and secure final examination application than the
initial version. One of the most impactful changes made to the appli-
cation was changing the scroll button to a toggle button. This change
not only clarified the tool’s functionality but also enhanced the overall
interaction experience. Additionally, the relocation of the toggle but-
ton to the top left corner, instead of the bottom left corner, resolved
issues for left-handed users who previously activated it accidentally,
which leads to a more inclusive design.
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The improved version of the submission pop-up dialog is now more
informative and hopefully increases users confidence when submitting
exams. By clearly indicating any unanswered questions and requiring
explicit confirmation before submission minimized the risk of user un-
certainty and unintentional submission errors.

Another important aspect of the final examination application was
the change in navigation. The decision to include a side menu was
initially influenced by the version of the application received at the
start of the project. In that version, the side menu primarily served
as a navigation tool, allowing users to switch between questions.

To avoid disrupting the user’s main workflow when navigating, the side
menu was repurposed to give an overview of question progress and to
provide a space for essential information such as the countdown timer
and student information button. The side menu now clearly indicates
which questions are answered or unanswered, meanwhile scrollable
tabs for navigating between questions were placed directly at the top
of the canvas view. By solving it this way, users are able to switch be-
tween questions without leaving the main workspace, enhancing their
focus and efficiency. At the same time, the side menu became a ded-
icated space for buttons and the countdown timer that did not fit or
were not suitable within the main canvas area. This way ensuring a
cleaner and less cluttered interface.

Furthermore enhancements to the exam’s overall security were made.
One important improvement was the introduction of the recovery code,
which must be provided by a proctor to resume an interrupted exam.
This prevents cheating methods such as intentionally triggering a re-
covery, to log in to another person’s exam mid exam or students at-
tempting to log into each other’s exams using anonymous codes. Ad-
ditionally, the countdown timer with a final 15-minute warning further
supports a realistic and time-aware examination environment.

The final version also took into account some of the emotional chal-
lenges students face during examinations. Stress and time pressure
are common, to help address these issues, features that support time
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management were implemented. For example, a 15 minute warning
appears near the end of the exam to help students stay aware of the
remaining time. Another example is the countdown timer that is vis-
ible in the side menu, allowing students to keep track of time. It is
intentionally kept out of the main canvas view because some students
might become stressed when constantly seeing a timer.

Furthermore, the addition of advanced drawing tools, such as the lasso
tool, copy tool, and clear page tool, provided users with greater flexi-
bility in how they respond to questions. These tools transformed the
application from a basic digital canvas into a more advanced exami-
nation environment.

In summary, the iterative approach driven by usability feedback en-
abled the evolution of the application from a basic prototype into a
refined examination tool. As a result significant improvements have
been made compared to the original version provided.

5.5 Ethical Considerations

Ethical issues were defined to guarantee a responsible and sustainable
approach. Several key factors were discussed in relation to the deci-
sions that determine the final product. Beyond evaluating the final
product, the project’s advantages and limitations were also reflected
to identify its strengths and address potential challenges. This was
important for identifying strengths and evaluating how to address
challenges, which contributed to shaping a better product that can
meet the needs of a wider range of users.

One relevant ethical aspect was inclusion, meaning the product must
be designed to ensure accessibility for all users. Particular attention
was paid to making the application intuitive for individuals with color
blindness. For instance, a white background with a black pen was
used to avoid design choices with low contrast between text and back-
ground. Additionally, red and green color combinations were avoided
due to this aspect of inclusion. Efforts were also made to collaborate
with an external organization specializing in usability testing, which
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could have provided access to a broad network of experienced users.
However, this approach proved unfeasible due to the high cost of their
services.

Another ethical aspect to consider is inclusion regarding technical
knowledge. At Chalmers, students of all ages and varying levels of
technical knowledge engage with educational tools. Because of this,
efforts was made to develop an app that was simple to use, with a
limited number of functionalities to make it more inclusive. However,
some users may still lack the technical knowledge to use the system
effectively. Although this challenge is difficult to fully resolve, a fu-
ture implementation of a tutorial pop-up could help by guiding users
through the basic functions of the application. The design choices
to support users with functional variations, such as the ability to en-
large text or use font types that are easier to read for individuals with
dyslexia, were also explored. While this was not implemented in the
current version, these accessibility improvements are recommended for
inclusion in future iterations of the application.

Another important consideration was how the examination process
with tablets would be implemented in practice. After evaluating the
ethical and logistical implications, Chalmers decided that if the sys-
tem is adopted, tablets will be provided to all students during exams.
This decision eliminates the need for a BYOD model, which could
have introduced significant fairness and accessibility issues. Requir-
ing students to use their own devices would risk disadvantaging those
without access to compatible or reliable hardware, potentially creating
financial inequities and undermining the integrity of the examination
process.

By providing standardized devices, Chalmers ensures that all students
have access to the same technical environment, which supports a more
equitable and secure exam experience. It also reduces the risk of stu-
dents bypassing security features or accessing unauthorized resources.
While supplying and managing a fleet of tablets introduces additional
costs and logistical challenges, these are outweighed by the benefits of
enhanced exam security, increased fairness, and a more consistent and
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controlled digital examination process.

44



5. Discussion

5.6 Future Work

After the development and testing phases were completed, several ad-
ditional features were requested by users. Although there was not
sufficient time to implement them during the initial project timeline,
these features remain important for the overall improvement of the
application. In addition, there are broader design considerations and
underlying system changes that will need to be addressed in the fu-
ture. This section outlines and discusses the most significant of these
proposed enhancements, explaining how they will contribute to a more
complete application and how they bring it closer to the goal of de-
ploying the application in real examination settings.

Due to time constraints, several planned features could not be imple-
mented, particularly those aimed at expanding creative functionality
and enhancing existing tools. One of the primary features left out
was the addition of a fill tool. It would let users quickly colour en-
closed areas with a single click, saving time compared to manually
colouring with the pencil. Furthermore, it would also contribute to
fewer canvas elements being used, which would in turn improve appli-
cation performance, a topic that will be addressed in more detail later.

Another planned enhancement involved improving the pencil tool by
introducing a multi-colour option to boost creativity and improve the
user experience. Initial colours could include blue, yellow, and green,
while red should be excluded since it is used for grading and com-
ments. Thereafter, a real-time outline or shadow to show the size and
area affected by the pencil and eraser tools would be needed. This
would improve precision, control, and usability, helping users avoid
mistakes during detailed work. This feature was also requested by
users during the usability testing conducted in sprint 1. Lastly, the
current delete button removes all elements without warning, though
the action is undoable. Adding a confirmation modal would prevent
accidental deletions. Additionally, users should be able to delete only
selected areas using the select tool, offering more precision and reduc-
ing reliance on the eraser, which, as will be discussed later, contributes
to making the application slower.
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One such incomplete feature is the inclusion of multiple question types.
At present, the application still lacks support for multiple-choice ques-
tions and a coding environment. These features remain important for
future development, as they would significantly improve the applica-
tion’s overall usability. The impact of adding new question types is
already evident through the successful implementation of text-based
questions, as confirmed during usability testing and discussed in the
Final Application chapter. Expanding the range of question types
would help ensure that tasks typically done on paper can be carried
out just as easily, or even more efficiently, within the application.

In addition to this, several limitations in the text view still remain after
fixing a bug where a deleted character would reappear after switch-
ing questions. For example, bullet points currently revert to normal
text after pressing enter instead of continuing the list, interrupting
the formatting flow. The formatting toolbar also uses icons that were
confusing to the participants. Users were also unable to highlight a
specific section of text to apply formatting, such as making the text
bold. Improving these areas would make text input more intuitive and
closer to standard text editing experiences.

Another area for improvement is how the exam questions are presented
to students. While the current application relies on paper questions,
a future development would possibly be to integrate exam questions
into the application’s drawing area. Since the space of the tablet is
limited, displaying the entire question at all times would reduce the
workspace available for students to write their answers. The team be-
lieves a more efficient solution could be a button that allows students
to show or hide the question as needed, providing them with a more
uncluttered workspace. This expansion would enable paperless exams
and create a fully digital examination, simplifying logistics for proc-
tors and examiners, and removing the need to print exam material.
As mentioned in the scope, integrated questions were not included in
the current application due to priorities. The current design priori-
tizes an application with a focus on the writing experience, making
integrated questions less suitable at this stage. Such integration could
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offer positive features such as interactive elements, adjustable text size,
enhanced image clarity, and inclusive tools such as dyslexia friendly
reading or high contrast themes.

Related to this, while integration of digital questions would have been
possible on the current tablet, it is still important to consider if other
models could offer a better solution. Since the current tablet model
provides a relatively small screen space, displaying questions in the
application could disrupt student’s work during the exam. To solve
this issue, it might be appropriate with larger screened tablets. This
would however require larger investments from schools or universities,
this because larger models tend to be more expensive. Here it becomes
important to evaluate if this is a preferred solution, especially since
the current tablet is a cost effective option, which makes it attractive
for organizations.

Another feature that was not implemented in this project was the
integration with Chalmers’ servers for data storage. The previous
workgroup recommended replacing Firebase with Chalmers’ servers to
improve security, reduce costs, and support long-term sustainability.
However, since this project prioritized feature development and usabil-
ity, the server integration was considered outside the current scope,
as mentioned earlier. Nonetheless, this remains an important area
for future development. In addition, integration with Ladok for re-
trieving results and verifying student registration or anonymous codes
remains unimplemented. Connecting the application and teacher por-
tal to Ladok would allow exam information and student data to be
automatically retrieved and managed. This would help reduce ad-
ministrative tasks and ensure that the system always uses up-to-date
information. That said, such integration involves several steps to ad-
dress data protection and security concerns, due to the sensitive nature
of the data involved. Despite these challenges, the integration would
offer significant benefits for both teachers and students.

The ability of the application to store multiple exams on the SD card
without overwriting existing progress was another feature that was
not implemented. Right now, exam progress is saved locally to the

47



5. Discussion

SD card to allow recovery in case of unexpected interruptions. How-
ever, if a new user begins an exam on a card that already contains
another student’s data, the existing data is erased due to a mismatch
in user IDs. To address this issue, each student’s progress should be
saved in a separate folder or “bucket” on the SD card. This would
make it possible for multiple users to store and resume their exams
independently, without the risk of overwriting each other’s data.

Lastly, as noted earlier, the toggle between drawing and scrolling
modes confused some users. To make the scrolling somewhat more
intuitive, the team chose to implement the toggle button instead of a
regular button to make it more intuitive.

Ideally, the most intuitive solution would have been to allow scrolling
directly with the use of the fingers. However, because the current
setup allows drawing with both fingers and the pen, this approach
was not feasible without creating conflicts.

One solution to this could be to implement the "two-finger-scroll’, to
make it possible for the users to scroll in a more intuitive way using
two fingers. However, while this improvement falls within the scope
of the project, it would require fundamental changes to how tools and
interactions are managed. As a result, despite appearing to be a minor
visual update, it would demand a considerable amount of development
time. For this reason, it was not prioritized during this phase of the
project. However, given that users specifically requested this improve-
ment and most core functionality is already in place, this issue should
now be addressed as soon as possible. Doing so would align the appli-
cation more closely with user expectations and remove a long-standing
temporary workaround.

Additionally, drawing, erasing, and adding shapes all contribute to an
increasing number of objects on the canvas, as mentioned earlier. This
did not become apparent during user testing, as those sessions focused
on short interactions and basic feature evaluation only. In a real exam
setting, however, where students may work continuously for several
hours, the growing number of canvas objects can start to degrade
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performance. This becomes especially apparent when using tools like
the selection tool. Therefore, it is important to improve how these
canvas objects are managed to ensure smooth performance, regardless
of how much content has been added. Without such optimizations,
the application may suffer from stuttering or slowdowns on the tablets
used, leading to a subpar and potentially frustrating user experience.
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Conclusion

In conclusion, this thesis demonstrates that the development of an ef-
ficient and intuitive digital examination platform for tablets is achiev-
able. The platform serves a greater variety of educational fields by
offering digital writing, drawing, and text editing, along with secure
storage of students’ answers. Compared to traditional methods, the
application provides a more flexible and efficient solution, which ben-
efits both students and teachers. It ensures that exam data is han-
dled in a secure and organized manner, with backup mechanisms that
minimize risks in the event of technical problems. While the MVP
effectively provides the core features, it also highlights key areas for
improvement, such as enhancing accessibility features and introducing
more advanced administration tools. Further development could focus
on integration with external systems like Ladok and utilizing the de-
partment’s own servers to enhance security and reduce costs. Usability
testing was a crucial part of the process to ensure that the final result
aligned with practical user needs rather than technical concerns. As
the platform grows, ethical factors, including privacy, equity, and di-
versity, will remain essential. Although this project may not currently
be used as a real-life examination application, it clearly highlights
the potential to create a functional and intuitive examination system
that can be conducted on tablets. This work aims to contribute to
the broader shift and transformation of higher education toward more
adaptable, accessible and intuitive assessments.
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Appendix: Figures

Exam: Digital Exam 1

Course code: DTE001

Examiner: X

Date: 2025-XX-XX

Anonymous code: DTE001-9834-LEO

Qo
Start by logging in to the exam.

Q1 Drawing Question
Choose the paper layout that suits you best.
Then, draw two circles as round as you can.

Also, add a text box and write something in it.

Figure A.1: User-test exam, displaying question 0 and question 1.
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Q2 Text Question
Write a short text about what you have eaten today, with a suitable heading.

Feel free to use bullet points and bold text where appropriate.

Q3 Drawing Question

Skip this question.

Q4 Drawing Question

Change the paper to grid paper and draw a triangle. Then, undo the triangle and draw a
rectangle instead.

Undo the rectangle as well.
Atfter this, is there a way to recover the rectangle again?

Figure A.2: User-test exam, displaying question 2, 3 and 4.

Q5 Text Question
The exam proctor approaches you and asks you to identify yourself.
Can you find information about yourself somewhere in the app?

Write down your student ID number as your answer to this question.

Q6 Text Question

Wirite the letters A to F with 5 lines of spacing between each letter.

Q7 Drawing Question
Imagine that you are working on a very long calculation.
What you draw or write here does not matter.

Explore how it would feel to have to write a very long answer using the scroll function.

IT

Figure A.3: User-test exam, displaying question 5, 6 and 7.




A. Appendix: Figures

Q8 Drawing Question

Draw three lines on the paper as straight as you can. Then, use the eraser to erase half
of each line.

Try exploring how sensitive the eraser is!

Q9 Drawing Question

Use the side menu to verify that you have answered all the questions you want to
answer.

Note that Question 3 (and possibly others) may still be unanswered, which is perfectly
fine!

When you feel ready, you can submit the entire exam.

Figure A.4: User-test exam, displaying question 8 and question 9.

Figure A.5: Final Teacher Portal: Figure A.6: Final Teacher Portal:
Login view. Post login view.
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Figure A.7: Final Teacher Portal: Figure A.8: Final Teacher Portal:
Create exam view. Created exam view.
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test_q - Download PDF

Figure A.9: Final Teacher Portal:
Download exam view.

Welcome!

You are logged in

Skapa En Tenta

Figure A.11: Initial Teacher Portal:
Post login view.

Tentor

NATIZS

NATOT0 tests

Figure A.13: Initial Teacher Portal:
Created exam view.

IV

Login to Teacher Portal

Username

Enter your username

Password

Enter your password

Figure A.10: Initial Teacher Portal:
Login view.

Create a New Tenta

Course Name

Enter the course name

Questions

Question 1
Make Tenta

Figure A.12: Initial Teacher Portal:
Create exam view.
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Figure A.14: Initial Teacher Portal:
Download exam view.
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Table B.1: User story descriptions.

User Stories

As a student, I want to be able to easily navigate between questions without
losing my work, so that I can focus on answering the exam efficiently.

As a student, I want to be able to undo and redo changes in my answers, |
want them to be limited to the question I am currently on so that I do not
accidentally undo actions in a question I am not actively viewing.

As a student, I want to be notified about the remaining time, so that I can
manage my time effectively during the exam.

As a student, I want to use different background styles (e.g., graph paper
for math exams), so that I can format my work properly.

As a student, I want to be able to easily draw geometric shapes and write
mathematical symbols so that my answers are clear and precise.

As a student, I want to receive error messages if something goes wrong with
editing my work or handing in my submission.

As a proctor, I want a clear and secure way to handle recovery requests so
that I can authorize only legitimate cases.

As an examiner, I want to define exam start and end times, so that the
exam follows a structured schedule.
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