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1. INTRODUCTION

In recent years, the demand for digitally skilled professionals has risen sharply, driven by
the growing integration of software systems in nearly all aspects of society and industry
[Cha and Kim, 2018; Crowne, 2002]. As a result, programming education has become a
crucial component in applied science curricula. However, programming remains a chal-
lenging subject for many students. Introductory programming courses consistently show
high failure and dropout rates, with difficulties often arising from abstract and technical
concepts that are hard to visualize and apply in practice [Mellado and Cubillos, 2024; Yoo
et al., 2022].

One of the most persistent obstacles for novice programmers is the concept of arrays
[Rosminah et al., 2012]. Although they are among the most fundamental data structures
in computer science, arrays pose significant cognitive and instructional challenges. Stu-
dents frequently struggle with abstract memory models, indexing errors, and integrating
arrays with loops and conditions [Bosse and Gerosa, 2017]. These challenges not only hin-
der learning progression but also lead to demotivation and disengagement, potentially af-
fecting students’ overall performance in programming-related courses [Jenkins, 2002].

At the same time, innovative pedagogical approaches are being explored to better sup-
port novice learners. For instance, gamification, defined as the integration of game-like
elements into non-game contexts, has shown promising results in increasing motivation
and enhancing conceptual understanding in educational settings [Mellado and Cubillos,
2024]. Gamification helps maintain high motivation, especially when students face chal-
lenges during their initial programming experience or with specific topics. At the same
time, it aids in reducing the cognitive load of programming topics, and helps to achieve
a better understanding of the required concepts. In programming education, gamification
has the potential to provide immediate feedback, reinforce key patterns, and support active
experimentation in a low-stakes environment. However, while many gamified tools exist,
few are specifically designed to address the difficulties related to arrays in applied science
contexts. Moreover, existing solutions are often not well integrated into regular teaching
practices, limiting their long-term impact.

This research aims to bridge this gap by investigating how a digital gamification solution
can be designed to support array learning for novice programming students and provide a
sustainable integration into a teaching environment. Drawing on both literature and prac-
tical teaching experience, the study explores the core learning obstacles associated with
arrays, reviews existing gamified tools and strategies, and proposes a tailored educational
solution aligned with the specific needs of applied science education.

This graduation assignment contributes to the existing literature of programming edu-
cation in two ways. First, it provides a structured analysis of relevant research across three
domains: programming education challenges, available educational tools, and gamified
approaches specifically targeting arrays. Secondly, it translates this theoretical foundation
into practice by designing a tailored gamified solution that supports novice students in
understanding arrays more effectively. This prototype aims to bridge the gap between re-
search insights and classroom application, offering a practical tool grounded in both ped-
agogy and cognitive learning principles.

The following report is structured as follows. Section 2 presents an overview of related
work, including challenges in programming education, difficulties specific to arrays, and
the role of gamification and pedagogical strategies. Section 3 provides a problem analysis,



based on both literature and personal teaching experience. Section 4 outlines the research
design, including research questions, methodology, and validation strategy. Finally, Section
5 describes the planning and risk analysis for the implementation of the graduation project.

2. RELATED WORK

Before addressing the specific focus of this graduation assignment, i.e.arrays and the re-
lated pedagogical challenges, it is important to explore the broader context of program-
ming education. Therefore, this Section 2 first outlines the general difficulties faced by
novice programmers and explains the persistent failure rates in introductory programming
courses. It then zooms in on the programming challenges related to arrays, reviewing their
abstract nature and the common errors students face. Next, gamification is introduced as
a promising approach to increase student engagement and understanding, followed by a
discussion of current pedagogical strategies such as PRIMM and Parsons problems. The
subsequent subsections review the current existing tools and games aimed at array learn-
ing, as well as development frameworks for educational game design. Finally, a critical re-
flection highlights the research gap, questioning why conceptual difficulties persist despite
the many tools that are already available.

2.1. GENERAL PROBLEMS WITH PROGRAMMING
With the growth of the IT industry, the increasing number of software-focused startups, and
software becoming an integral part of multiple disciplines, the demand for skilled software
engineers has risen significantly [Cha and Kim, 2018; Crowne, 2002]. Educational programs
should address this need by providing students with a solid foundation to become industry-
ready programmers. However, programming courses continue to face high failure rates,
with approximately 30% of students failing introductory courses, a percentage significantly
higher than in other scientific disciplines [Mellado and Cubillos, 2024; Yoo et al., 2022].
The primary difficulties students face, within introductory programming courses, in-
clude syntax errors, understanding variable types, function parameter passing, and mem-
ory access using pointers [Bosse et al., 2019; Islam et al., 2019; Kadar et al., 2021; Mhashi and
Alakeel, 2013]. Programming is widely considered complex and is included in the seven
grand challenges of computing education [Rosminah et al., 2012]. Despite extensive re-
search and the implementation of multiple pedagogical strategies, students continue to
struggle with fundamental concepts, raising concerns about the effectiveness of current
teaching methods.

2.2. PROGRAMMING CHALLENGES SPECIFIC TO ARRAYS
Among the many challenges in programming education mentioned in the previous sec-
tion, arrays remain one of the most difficult topics for students to grasp. In this work, one-
dimensional arrays are defined as ordered collections of elements of the same data type,
stored in contiguous memory locations and accessed via a single index. They are among
the most basic data structures in programming and are often used to introduce concepts
such as indexing, iteration, and memory allocation. The scope in this work focuses on their
use in introductory programming courses, particularly how students understand and ma-
nipulate array elements in problem-solving tasks.

Given this definition of arrays, multiple studies consistently rank them among the top



five most challenging programming concepts [Assaf et al., 2022; Bosse et al., 2019; Kadar
et al.,, 2021; Rosminah et al., 2012]. This is further supported by research highlighting that
arrays are particularly difficult due to their abstract memory representation and common
issues related to indexing, memory allocation, and multidimensional manipulation [Bosse
and Gerosa, 2017]. Data indicates that 53% of students perceive arrays as a hard-to-learn
concept, creating a significant barrier to succeed in programming education [Assaf et al.,
2022].

Furthermore, a lack of knowledge and difficult conceptualization about zero-based in-
dexing and out-of-bounds errors frequently lead to runtime and logic errors for novice pro-
gramming students. These errors further complicate students’ learning experiences [Rigby
et al,, 2020]. These listed challenges highlight the importance of pedagogical strategies
to reduce the complexity of the fundamental understanding of an array to guide students
through the beginning of their programming journey.

2.3. GAMIFICATION AND ITS ROLE IN PROGRAMMING EDUCATION
Gamification is the use of game-like elements in non-game contexts to motivate and influ-
ence behavior [Deterding et al., 2011]. It involves incorporating features such as rewards,
progress tracking, challenges, competition, and storytelling to make tasks more engaging
and enjoyable. Its core goal is to tap into the psychological drivers that make games com-
pelling, such as achievement, curiosity, and social interaction, to improve participation and
outcomes.

Gamification has emerged as an innovative approach to improving student engage-
ment and comprehension in programming education. Studies indicate that incorporating
game elements into learning environments can significantly boost motivation and reten-
tion rates [Mellado and Cubillos, 2024]. These solutions can vary from developing an im-
mersive 3D game to implementing a leaderboard system where students earn badges. By
providing immediate feedback, giving step-by-step guidance to the solution, and reducing
the cognitive load by structuring the materials, these games help students quickly iden-
tify and correct errors, reinforcing their problem-solving skills. Meanwhile, the ongoing
challenges keep students engaged, leading to a high level of participation and retention.
This means that their extrinsic motivation can be addressed with elements like points and
badges to encourage students participation, whereas a better understanding of the prob-
lem can give a boost to the students’ intrinsic motivation [Jenkins, 2002].

Examples already exist for different programming concepts, e.g. Gamified Parsons Prob-
lems for databases', and Parsons LogEx for logical equivalence®, and their usage shows
promising results based on participants’ responses [van den Berg et al., 2024]. These projects
demonstrate how puzzle-based approaches such as Parsons problems, discussed further
in Section 2.4, help reduce cognitive load by shifting attention away from syntax toward
program logic. By reordering provided code fragments, students are encouraged to reason
about the program’s semantics, aiding in a deeper conceptual understanding of the under-
lying programming constructs.

Gamification can be a highly effective approach for teaching arrays to novice program-
mers. By integrating real-world elements into a game environment and visualizing array
structures, it lowers the barrier to understanding fundamental programming concepts. The
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use of clear, interactive representations makes abstract ideas more concrete and relatable.
In addition, guiding students through algorithms step by step, much like a visual debugger,
helps address common challenges such as indexing and iteration [Rosminah et al., 2012].
Immediate feedback from the game environment highlights mistakes as they happen, elim-
inating the need to wait until the entire algorithm runs to identify errors. This step-by-step
learning process supports a deeper and more structured understanding of array program-
ming.

While gamification shows promise, its long-term effectiveness remains uncertain. Many
serious games fail to scale effectively within academic curricula due to their niche focus
and lack of adaptability to different teaching environments. Furthermore, implementing
game-based learning requires additional resources, which may not always be available to
educators [Pears et al., 2007].

2.4. PEDAGOGICAL STRATEGIES

Numerous pedagogical strategies have been developed to address the challenges of learn-
ing programming. A well-known framework for teaching complex concepts is the 4C/ID
(Four-Component Instructional Design) model, which is widely used for designing instruc-
tion around complex skills and task integration [Merrienboer, 1997]. However, because of
its focus on advanced skill development, it is less suited to the needs of novice program-
mers, who benefit more from simpler approaches. Another commonly used framework for
classifying educational objectives is Bloom’s Taxonomy, which organizes learning goals into
distinct cognitive levels [Krathwohl, 2002]. In the context of computer science education,
these objectives can be tailored based on the work of [Kadar et al., 2021].

* LO1 (Remembering): Students recall basic programming structures such as array
declarations.

* LO2 (Applying & Analyzing): Students implement and manipulate arrays within pro-
gram segments.

* LO3 (Creating): Students develop solutions that integrate arrays with functions and
control structures.

Bloom’s taxonomy is a general framework that can be applied across various subjects. In
the context of programming education, however, more specialized frameworks have been
developed. One such framework is PRIMM?, which outlines five stages to support novice
programmers: Predict, Run, Investigate, Modify, and Make. The first two stages correspond
to Bloom’s lower-order learning objective (LO1 — remembering and understanding), the
third and fourth align with LO2 (applying and analyzing), and the final stage maps to the
higher-order objective (LO3 - creating) [Sentance and Waite, 2017]. Putting PRIMM into
practice, students begin by predicting what a given piece of code will do, then run it to test
their prediction. They investigate the code through tracing, annotation, and debugging,
followed by modifying it to alter its functionality. Finally, they create their own program.
This structured, step-by-step approach promotes active learning and deeper conceptual
understanding. Studies have shown that PRIMM yields promising results in programming
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education, not only for learning arrays but for foundational programming skills in general
[Sentance et al., 2019].

In addition to PRIMM, several other pedagogical strategies support novice program-
mers. As discussed in Section 2.3, Parsons problems, which are a form of puzzle-based
learning, require students to reorder shuffled code fragments [Du et al., 2020; van den Berg
et al., 2024]. This reduces cognitive load by removing syntax concerns, allowing learners
to focus on logic and structure. This strategy primarily aligns with Bloom’s LO2. Moreover,
gap-filled programming tasks similarly present partially completed code, encouraging stu-
dents to reason about missing components without being hindered by syntax, also sup-
porting LO2 [Lo et al., 2014]. Pair programming promotes collaboration, thinking-out-loud,
and peer learning, making it a strategy that is able to span all levels of Bloom’s taxonomy
[Sobral, 2020]. Lastly, the concept of semantic waves, which alternates between abstract
theory and concrete examples, promotes deeper conceptual understanding and supports
LO1 [Waite and Sentance, 2021]. Together, these strategies offer a solid foundation for de-
signing instructional tools that reduce cognitive barriers and improve student engagement
with array-based programming challenges.

2.5. EXISTING SOLUTIONS AND VISUALIZATION TOOLS

To help students master various learning objectives, gamification and visualization tools
have been developed to improve their understanding of complex programming concepts.
These are not limited to issues related to array programming, but include a wide variety of
programming challenges as pointed out in [Vahldick et al., 2014]. These tools cover a wide
range of fundamental topics, such as PointerViz for visualizing pointers [Venigalla et al.,
2020], VPL (Virtual Programming Lab), a Moodle plug-in with automated assessment [del
Pino et al., 2012], PythonTutor for displaying data structures [Guo, 2013], and Examplore
for assisting with API usage [Glassman et al., 2018].

Apart from the aforementioned tools that cover a broad range of topics, multiple aids
have been developed to help students understand the concept of arrays better. An overview
is generated and the gamification approaches and addressed problems are listed in Table 1.
Two examples are discussed below in more detail. A first one is Wu's Castle where students
can learn arrays by allowing them to visually manipulate array elements through interac-
tive gameplay, where they program magical creatures to modify arrays representing snow-
men formations [Eagle and Barnes, 2008]. A second example is the game Space Geeks that
provides an interactive, science-fiction-themed environment where students must write
Java code to progress through different levels, reinforcing array concepts through hands-
on problem-solving [Assaf et al., 2022].

Research shows that students using animation-based learning tools perform better than
those who rely solely on textbooks [Ibrahim Osman and M. Elmusharaf, 2014]. However,
despite the availability of these tools, widespread adoption and integration into standard
curricula remain a challenge [Linden and Lederman, 2011].

2.6. OPEN-SOURCE DEVELOPMENT TOOLS

Various frameworks for gamified educational tools are described in the literature and sup-
ported by open-source libraries. These range from simple web-based applications to com-
plex 3D role-playing games, as shown in Table 1. Among the more advanced options,



Reference Name Gamification Problem(¥) Language
[Eagle and Barnes, 2008] Wu'’s Castle 2D RPG LC, OOB, IDX, | C++
NL, DBG, AVT, LV
[Assaf et al., 2022] Space Geeks 3D serious game DEC, INIT, IDX, | Java
LC, OBO, LVX
[Elvina et al., 2018] PythonTutor 2D platformer DEC, INIT, IDX, | Python
EAM, LIT, DBG
[Galles] USFCA QueueArray | Web-based visu- | IDX, EIR, CBB None required for users

Visualizer

alizer

(purely visual tool)

[Karram, 2021] CodeCombat 2D browser | DEC, INIT, IDX, Python and JavaScript
game EAM, LIT, DBG
[Chang et al., 2012] DreamCoders 2D RPG DEC, INIT, IDX, C#
EAM, LIT, DBG
[Jagadeesha et al., 2023] DSAScratch Programming DEC, INIT, IDX, Block-based visual pro-
environment EAM, LIT, DBG gramming
[Debabi and Bensebaa, | AlgoGame 2D RPG DEC, INIT, IDX, | Not specified; focuses on
2016] EAM, LIT, DBG algorithmic concepts
[Mourato and Santos, Paddle Web-based visu- | DEC, INIT, IDX, | Java
2024] alizer EAM, LIT, DBG

Table 1: Overview of array-focused serious games and tools. ((*) Legend: LC: Loop Control; OOB: Out-of-Bounds Errors;
IDX: Indexing (including off-by-one errors); NL: Nested Loops; DBG: Debugging Logic; AVT: Array Value Tracking; LV: Loop Execution
Visualization; DEC: Declaration of Arrays; INIT: Initialization of Arrays; EAM: Element Access and Modification; LIT: Loop-Based Itera-
tion; OBO: Off-By-One Errors (explicit); LVX: Lack of Visualization; EIR: Element Insertion and Removal; CBB: Circular Buffer Behavior).

Pygame" (for 2D games) and Unity® with C# and WebGL export (for 3D or visually rich
environments) are well-established platforms. They offer a high degree of flexibility and
can provide immersive user experiences while addressing learning objectives. However,
it is important to consider that these environments often require significant effort in ar-
eas such as graphics, animation, and interface design. This may divert time and resources
away from the core educational goals of the project.

An alternative approach is to focus on a puzzle-based game structure, which can be im-
plemented more efficiently using web-based development environments. These platforms
are typically more straightforward to set up and allow for rapid development aligned with
pedagogical principles. Frameworks such as React®, Elm’, and Vue.js® provide lightweight,
component-based architectures ideal for creating interactive, logic-driven educational tools
like Parsons problems or card-based exercises. Their open-source nature, extensive UI li-
braries, and existing templates support fast prototyping and easy customization. In addi-
tion, browser-based deployment ensures broad accessibility without requiring students to
install additional software, making these tools particularly suitable for use in educational
settings.

2.7. RESEARCH GAP AND CRITICAL REFLECTION: ARE WE REINVENTING THE

WHEEL?
Despite the numerous existing strategies and tools aimed at improving programming ed-
ucation, students continue to struggle with fundamental concepts such as arrays. This
persistent issue raises an important question: If so many solutions exist, yet the problem
remains, is developing another tool truly the best approach? Studies indicate that many ed-
ucational tools and gamification methods are not widely adopted due to limitations such
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as lack of flexibility, high workload for educators, and institutional resistance [Pears et al.,
2007]. Additionally, many tools developed within research projects are not maintained
long-term, leading to fragmentation and limited real-world impact [Naps et al., 2002].

This research aims to explore existing solutions for teaching arrays and evaluate their
effectiveness in supporting novice programming students at an applied science university.
By analyzing the strengths and limitations of these tools, the work will identify the most
promising features and build upon them to design our own gamified solution. Rather than
reinventing the wheel, the goal is to learn from what already works and develop a practical,
engaging, and scalable tool that enhances array comprehension in real-world educational
settings.

3. PROBLEM ANALYSIS

Arrays are a fundamental concept in programming, yet they pose significant challenges
for novice programmers, especially for those without prior programming experience. Un-
derstanding arrays is crucial as they form the basis for more complex data structures and
algorithms. From personal experience of teaching programming to electromechanical stu-
dents who will learn to automate industrial processes, it is important that they fully un-
derstand the basic concepts to later program various automated systems such as gantry
cranes and pick-and-place robots. However, these students often struggle with grasping
the concept, applying correct syntax, and troubleshooting errors related to arrays. These
difficulties have been widely discussed in literature as discussed in Section 2 and are further
confirmed by personal teaching experience.

3.1. LITERATURE

The observations outlined above are not new. The academic community widely recog-
nizes and acknowledges the challenges associated with teaching programming to novice
students. In particular, the use of primitive data structures, such as arrays, has proven to
be a fundamental difficulty within computer science education. Section 2 already provided
a comprehensive summary of the related work and highlights several key areas where stu-
dents commonly encounter problems, including understanding the concept of an array,
misconceptions about zero-based indexing and out-of-bounds errors, array manipulation,
allocating memory, interpreting compiler feedback, and function parameter passing with
arrays.

Studies suggest that these challenges stem from cognitive overload, a lack of visualiza-
tion, and ineffective instructional methods. Research also indicates that structured peda-
gogical techniques and interactive learning environments could enhance student compre-
hension.

3.2. PERSONAL EXPERIENCE

Teaching the introductory programming course "Programmeren"”’ at Thomas More Uni-
versity College has provided direct insight into the challenges students face. This three-
credit course, taught in Dutch, covers fundamental programming principles using Visual
Basic for Applications (VBA). With a strong emphasis on hands-on learning, students are
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encouraged to apply theoretical concepts through practical exercises, an approach essen-
tial for real-world problem solving.

The curriculum introduces fundamental programming structures, including variable
types, decision structures, loops, arrays, subroutines, and functions. Debugging techniques
and structured programming methodologies are also covered to develop problem solving
skills. However, arrays consistently present a challenge, as they require students to inte-
grate multiple programming concepts. While most students progress smoothly through
the early part of the course, arrays often become their first major stumbling block. Those
who do not master this topic tend to struggle with programming for the remainder of the
course.

A structured test at week 7 of the 12-week course provides further insight into these
difficulties. The assessment evaluates students’ ability to define arrays of fixed length, use
loops to fill them, integrate conditional logic, and compare variable values within arrays.
Previous analyses indicate that students often struggle to apply these concepts in practical
scenarios. An in-depth examination of the exam results will help identify specific patterns
of difficulty.

3.3. THE ARRAY LEARNING GAP
By comparing literature findings with real-world classroom observations, it becomes clear
that student difficulties with arrays are consistent across different teaching environments
and programming languages. The overlap between documented research and personal
teaching insights highlights the need for improved instructional strategies for novice pro-
grammers. Despite existing educational tools, misconceptions about indexing, memory
management, and iteration structures continue, leading to low success rates in program-
ming courses. Understanding the root causes of these challenges is essential for designing
effective teaching methods. Insights from both literature and classroom experience will
inform the development of strategies aimed at downsizing these difficulties.

This research seeks to identify the fundamental obstacles students face when learning
arrays and to explore the potential of gamification as innovative solutions to enhance
comprehension, engagement, and strengthen knowledge retention.

4. RESEARCH

Given the problem analysis presented in Section 3, this research confirms, based on both
the author’s personal teaching experience and literature review, that novice programming
students face significant challenges. While these difficulties arise in all areas of program-
ming, this study specifically focuses on the concept of arrays, which are one of the most
fundamental data structures. Existing literature shows that gamified approaches can re-
duce cognitive load and increase students’ intrinsic motivation. Therefore, this research
aims to design a gamified learning solution that builds on pedagogical strategies and is
useful for first-year students following a programming course in a STEM-focused program
at an applied science university. The next section outlines the research design developed
to achieve this goal.



4.1. RESEARCH QUESTIONS

To address the core challenge of enhancing students’ understanding of arrays, this research
is guided by one main research question and four supporting sub-questions. These ques-
tions are structured to systematically identify the problems students face, review existing
solutions, develop a gamified approach, and assess its educational impact. Together, they
provide a coherent framework for conducting a design-oriented study within the context
of applied science education. Given the design and development focus of this research,
the graduation project adopts the Design Science Research framework [Hevner, 2007] as its
overarching research strategy.

How to design a gamified solution to aid novice programming students in understand-
ing arrays?

To provide a well-founded answer to this main question, the following four sub-questions
have been formulated:

RQ1: What are the main cognitive and learning challenges that novice applied science
students encounter when learning arrays? To clarify the specific learning obstacles
associated with arrays, this sub-question draws on both existing literature and prac-
tical teaching experience from the main author. It aims to identify the primary chal-
lenges students encounter, such as misconceptions about indexing, difficulties with
abstract representations, and struggles with syntax and logic. The insights gathered
from RQ1 will form the basis for defining the educational and learning requirements
of the gamified solution. These requirements will serve as the functional inputs for
the design and development of the tool in this software engineering project.

RQ2: What types of tools or strategies, particularly those using gamification, have been
developed and are the most promising ones to support array learning in program-
ming education? This question aims to explore the current landscape of educa-
tional tools and gamified solutions. It examines how these approaches seek to en-
hance conceptual understanding and evaluates their strengths, limitations, and rel-
evance to the target group. Building on the comparative Table 1, related categories
and instructional architectures are grouped together. Additionally, the question in-
vestigates which specific game elements, such as immediate feedback, progression
systems, or storytelling, align well with established pedagogical models. This re-
search question thus provides an overview of techniques and features from the cur-
rent knowledge base that can be used to address the functional requirements, as
identified through RQ1, for this software engineering project.

RQ3: How to design and develop a gamification solution for learning arrays using in-
sights from RQ2 to address students’ needs and challenges resulted from RQ1? Build-
ing on the requirements identified in RQ1 and the techniques and features gathered
in RQ2, this question focuses on designing an appropriate gamification solution for
teaching arrays to novice programmers. The goal is to move beyond theoretical de-
sign by developing a functional application that incorporates the proposed gamifica-
tion elements. This prototype will serve both as a proof of concept and as a practical



tool for testing with learners.

RQ4: Inwhat ways does the implemented game support novice applied science students
in overcoming their difficulties with learning arrays? This fourth sub-question fo-
cuses on designing an appropriate evaluation protocol. Itincludes strategies for mea-
suring learning gains and user experience to assess the effectiveness of the developed
solution. The application created in RQ3 will be evaluated using this developed pro-
tocol. Key considerations include technological constraints, curricular alignment,
teacher and student acceptance, and the long-term sustainability of the solution.

The DSR framework is used to define the listed set of research questions, and mapped
onto the different DSR phases as depicted in Figure 1.

Problem insight
Gamified &
implementation gamification strategy

Environment [”'_'“\ Design Science Research /—\ Knowledge Base

Applied science university: v ‘ Literature study:
RQ3: Development and design of|
« MNovice programming a functional gamification « Challenges with
students application for learning arrays learning arrays
« Teachers - —— . F’e_dalgnglcal strategies
= o « Existing tools
Relevance Design Rigor using gamification
cycle - cycle - cycle
1 [
RO1: identify challenges as the "] [—%"TRQ1: identify challenges as the
requirements of this work from requirements of this work from
personal experience RO4: desi literature
: gn of framework - ) _ ) )
for evaluation purposes RQ2: identify avallahle gamification
A A tools and strategies
Requirements Technigues
Needs Tools

Figure 1: Research Science Diagram mapping the research questions on the chosen research framework (fig-
ure inspired by [Hevner, 2007]).

4.2. RESEARCH METHOD

To answer RQ1, two main sources of information will be used. Firstly, a preliminary study
has been presented in Section 2. In addition to these initial findings, a more comprehensive
and in-depth literature review will be conducted to better understand the needs of novice
programming students. Secondly, leveraging the main author’s personal teaching expe-
rience, targeted interviews and questionnaires will be developed and presented to both
students and teachers at an applied science university. Based on these two sources, the
primary cognitive and learning challenges will be identified and categorized. The most
prominent of these challenges will be addressed throughout this research.

To gather insights during this phase, students (who failed the course during the first
exam period) and teachers will be recruited through class announcements and email. Par-
ticipation will be voluntary, with clear communication on the purpose of the study and the
expected involvement. Their input will help identify key learning challenges and refine the
gamified solution accordingly. Since this RQ1 and the following RQ4 involve interaction
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with students, this graduation assignment will be submitted to the Research Ethics Com-
mittee (CETO)! to verify whether this scientific research is in accordance with the ethical
guidelines.

To address RQ2, a deeper exploration of the available literature will be carried out. Sec-
tion 2 and Table 1 already provide a preliminary overview of existing tools and gamifica-
tion solutions. In this phase, the literature study will be expanded to broaden the existing
landscape and map these tools to the challenges identified in RQ1. This analysis will offer
a clearer understanding of current solutions and allow for a comparison of results, ulti-
mately highlighting the most promising and comprehensive tools and strategies. As shown
in previous research [van den Berg et al., 2024], systematically mapping the existing educa-
tional challenges to corresponding tools is an important result of RQ2. This provides useful
insights for selecting relevant strategies to address the identified challenges from RQ1.

RQ3 focuses on the design and development of a functional application. Based on the
findings and interview results from RQ1, the requirements for this application will be out-
lined first. Then, insights from the knowledge base developed in RQ1 will inform the selec-
tion of the most suitable strategy for the application. These findings will guide both the de-
sign and development phases. Special attention will be given to ensuring that the applica-
tion effectively incorporates gamification elements to increase engagement among novice
programming students. As outlined in the related work in Section 2.6, suitable open-source
development environments are readily available and will be leveraged in this project. To
maintain focus on the core educational challenges, particularly those related to learning
arrays, the use of complex 2D or 3D visual designs will be avoided. Instead, a web-based
environment is preferred for its simplicity and accessibility. The primary development en-
vironment for this software engineering project will be Python, while the learning activities
will be designed around VBA, the programming language currently used by the main au-
thor in classroom instruction. This ensures alignment between the developed tool and the
real-world teaching context in which it will be applied.

To answer RQ4, an evaluation protocol will be developed. However, to keep the main
focus of this work on the development of the gamified solution, a lightweight evaluation
protocol will be designed that primarily focuses on user experience, supported by in-depth
interviews with students and teachers. Therefore, the evaluation will use existing validated
instruments, including the System Usability Scale (SUS) [Brooke, 1996] to assess usability
and the Intrinsic Motivation Inventory (IMI) [Ryan and Deci, 2000] to measure user en-
gagement and motivation. These tools will provide a structured and efficient way to gather
feedback without requiring extensive experimental setups. The application developed in
RQ3 will be deployed among students, and their results and feedback will be used to as-
sess the effectiveness of the solution using the proposed validation protocol. For consis-
tency, the same group of students and teachers will be approached to participate using the
same communication channels as before. This approach ensures continuity and relevant
insights into the effectiveness of the solution in a real-world context.

4.3. VALIDATION

To validate the research questions using the chosen methodology, three complementary
perspectives will be considered. First, the educational environment will be examined in
detail. This includes insights drawn from personal teaching experience and interviews

10Research Ethics Committee (CETO)
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conducted with novice programming students. These findings will be supplemented by
interviews with teachers, which will help to summarize and categorize the main challenges
faced by learners. This analysis serves to validate the identified problem and to validate the
needs from a practical and experiential point of view.

Second, the existing literature will be explored as a foundational source of knowledge.
This review will complement the observed challenges and help to confirm the relevance
and accuracy of the personal perspective on the problem. Additionally, the literature will
provide insights into pedagogical frameworks and existing tools, offering a broader view
of the current state of the art. In this way, the problem is validated from a theoretical and
academic standpoint.

Finally, the gamified solution developed in this study will be deployed among students.
Feedback and data will be gathered through a focus group to evaluate the effectiveness
and practicality of the proposed solution, using the SUS and IMI protocols as validation
methods. In addition, one-on-one interviews with teachers based on the observed results
will provide further insights into how well the solution addresses the key challenges faced
by novice programming students to validate the developed application in this work.

5. PLANNING

The graduation assignment will begin in May 2025 and will run over a period of approx-
imately 22 weeks, ending in late September. The first weeks will focus on identifying the
cognitive and learning challenges novice applied science students face when learning ar-
rays, addressing RQ1. This involves analyzing exam data, preparing questionnaires and
interview protocols, and conducting student interviews before the end of the lecture pe-
riod (May 22nd). These steps are supported by a targeted literature review and comple-
mented by expert interviews. The outcomes will contribute to an extensive understanding
of the key difficulties students experience. Findings from this phase will be finalized by
mid-June. Simultaneously, work on the graduation report itself will begin from week 3 on-
ward, ensuring a continuous documentation process. At the same time, the graduation
assignment will be presented to the cETO as discussed in Section 4.2 to ensure that all re-
search activities comply with the applicable ethical guidelines. The required documents
will be submitted as one of the first subtasks of RQ1.

From week 7, attention will shift to RQ2, which explores tools, strategies, and game
features that can support students in the understanding of learning arrays, particularly
through gamification. Literature studies on both pedagogical strategies and existing tools
will provide insights into promising approaches. These literature studies are followed by an
analysis of applicable strategies and game features.

In July, the focus turns to RQ3, centered on the design of a gamified learning solution
based on the challenges and opportunities identified in RQ1. This includes defining user
needs, selecting a design framework, and making fundamental design choices. Iterative
game development begins simultaneously, ensuring the game evolves in response to the
pedagogical and technical knowledge base. In parallel, preparation for validation starts by
developing review criteria and defining how effectiveness will be assessed.

12
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By mid-August, validation activities for RQ4 will take place. An evaluation matrix will be
constructed as an integral part of RQ4, and the game will be deployed to students prepar-
ing for the August 27th re-exam. Their interactions and feedback will be collected and an-
alyzed. These results will be used to assess how effectively the game helps students over-
come difficulties with arrays, leading to the final reporting and conclusion of RQ4 in early
September.

Throughout September, time will be devoted to finalizing the graduation report, im-
plementing feedback from supervisors, and preparing the presentation. The entire assign-
ment will be completed by the end of September. A complete overview of the listed activ-
ities and their corresponding planning is shown graphically in the Gantt chart in Figure 2.
Based on the available working time, approximately two days per week in May, June, and
September, and three to four days per week in July and August, this plan allows for roughly
416 working hours to be dedicated to the project.

5.1. RISK ANALYSIS

Although this graduation project is supported by a clear structure and a detailed timeline,
several risks may arise during its execution. These risks are related to different phases of
the research process and are discussed with respect to the research questions and the over-
all DSR framework. The following overview presents the most prominent risks in order of
relevance.

A first risk will be discovered early on in the project. Since scientific research will be
conducted on students, the Research Ethics Committee (cCETO) will be consulted to verify
whether the work is in accordance with the ethical guidelines. The required documents will
be submitted as soon as possible to adapt fast if the required approval is not granted. As
an alternative, this work will deduct data completely from literature. Regarding the valida-
tion part of the gamified solution, professionals and teachers in the field can be a backup
validation strategy.

One major risk concerns the validation phase of the developed gamified solution (RQ4).
The effectiveness of the application will be assessed through student participation, both in
the form of participation and feedback. However, given the timing, close to the re-exam
period in late August, student availability may be limited, which could affect the amount of
collected data. To mitigate this, the validation phase will focus on short and accessible test
sessions and may be supplemented by interviews with instructors or teaching assistants,
providing additional perspectives on the educational impact.

A second risk is the limited development time for the game prototype (RQ3). Designing
and building a pedagogically sound and technically functional application within the avail-
able timeframe poses a challenge. To reduce this risk, the project will prioritize the imple-
mentation of core learning components (such as declaration, indexing, and loop control).
A tool with limited functionality will be used to ensure that the essential educational value
is preserved, even if the application’s visual or technical complexity is limited.

Another challenge comes from the possibly limited available literature required for RQ1
and RQ2. It could happen that given the available tools and educational games, only a
few focus specifically on array learning. This could limit the direct applicability of existing
solutions. To address this, the review will include visualization tools and programming
games that target related concepts, such as loops, debugging, or problem decomposition
to obtain more gamification features. Additionally, pedagogical frameworks like PRIMM
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will be used to generalize and adapt relevant design principles.

The impact of the developed solution on measurable learning outcomes may also be
limited (RQ4). Given the relatively short exposure time and small sample size, improve-
ments in test scores could be statistically insignificant. To compensate for this risk, the
evaluation strategy will also include qualitative measures such as perceived usefulness and
general student feedback. These insights will provide a broader understanding of the tool’s
potential impact and areas for future work.

In case of unexpected delays, the research questions have been prioritized as follows.
Research questions RQ1 and RQ2, targeting student challenges and current solutions, are
considered essential. Therefore, they will be completed regardless of external constraints.
RQ3 aims to at least obtain a functional prototype with limited functionality. RQ4, which
involves the full evaluation of the application, is important but can be addressed through

limited pilot testing.

Risk Description Counter-measure Possible alternative
Ethical approval Ethical approval may be | Submit documentsasa | Use literature data if
not granted denied first step denied
Limited student Validation coincides Short test sessions Interview teachers as
availability with re-exam period backup
Time constraints Limited time for Focus on core features Deploy game during
for development prototype development | build a basic functional | first semester courses
version
Limited literature Few gamified tools for Broaden search to Focus on gamefied
availability for array learning related concepts and elements and strategies
array learning visualization from a broad range of
other gamified
solutions
Impact onlearning | Short exposure may Include qualitative Have in-depth
outcomes limit measurable feedback for broader discussions with
impact insights teachers
Unexpected delays External factors may Prioritize RQ1 & RQ2, Graduation deadline
cause delays minimal prototype for can be postponed till
RQ3, pilot for RQ4 middle of first semester

Table 2: Overview of the risks and corresponding mitigations.
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