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Abstract. Teaching highly abstract concepts in computer science remains a significant challenge, particularly when con-
sidering subjects such as graph theory, which demands strong logical reasoning and concept visualization skills. These
difficulties are intensified for students diagnosed with Attention Deficit Hyperactivity Disorder (ADHD), who often strug-
gle with traditional, linear and minimally interactive instructional approaches. This study aims to investigate the impact
of an activity implemented in Minecraft on teaching and learning Kruskal’s algorithm, focusing especially on students
with ADHD. The activity was designed following the methodology proposed by Honda et al. [2022], which structures the
development process into the stages of conception, ludification, and evaluation. Learning outcomes were assessed using
an adapted version of the evaluation model created by Savi et al. [2010], covering dimensions such as motivation, user
experience, and knowledge acquisition. The results show high levels of engagement and positive learning outcomes for
both ADHD and neurotypical participants, with the ADHD group achieving especially strong results across all dimen-
sions. These findings suggest that Minecraft’s interactive and visually structured environment effectively supports the
comprehension of abstract graph concepts, making it a promising and inclusive tool for teaching complex algorithms.
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1 Introduction
The teaching of abstract concepts remains a persistent chal-
lenge in educational environments, particularly within fields
such as computer science, where many foundational top-
ics demand high levels of abstraction and logical reason-
ing. Graph theory serves as a prime example of this dif-
ficulty, given that its abstract representations and concep-
tual rigor frequently hinder comprehension and challenges
students’ capacity to visualize and internalize its concepts
[Bondy and Murty, 2008]. Beyond its inherent abstraction,
learning graph-based reasoning and algorithmic thinking re-
quires students to translate theoretical structures into con-
crete problem-solving processes. Despite these obstacles,
graph theory is essential for the training of computing pro-
fessionals due to its broad applicability in real-world scenar-
ios, including network analysis, logistics, optimization, arti-
ficial intelligence, and routing problems. However, this chal-
lenge becomes even more pronounced when considering stu-
dents diagnosed with Attention Deficit Hyperactivity Disor-
der (ADHD), who often experience additional barriers when
engaging with highly abstract or theoretically dense content.

Research in education and psychology indicate that stu-
dents with ADHD face difficulties that extend beyond indi-
vidual cognitive limitations. As highlighted by Mahdi et al.
[2017], traditional teaching methods often intensify diffi-
culties with attention, organization, and task persistence, as
they tend to be rigid, sequential, and offer limited interac-
tivity. Similarly, DuPaul and Volpe [2009] note that these
students frequently exhibit impaired academic performance,
especially in activities requiring sustained attention and log-
ical abstraction. This scenario is aggravated by the steady
global rise in ADHD diagnoses. For instance, rates among
children and adolescents in the United States increased from
6.1% to 10.2% between 1997 and 2016, revealing a grow-
ing educational demand that also resonates in other countries

[Xu et al., 2018]. This context underscores the need for ped-
agogical strategies that are both inclusive and responsive to
diverse cognitive profiles.

Technological tools, interactive methods, and game-
based learning have emerged as promising approaches for ad-
dressing these challenges, as they provide more dynamic, vi-
sual, and engaging learning experiences. Game-based learn-
ing environments, including serious games and challenge-
driven activities, have demonstrated the ability to support
students who struggle with traditional instruction. These en-
vironments foster active participation, guiding exploration,
and reducing cognitive overload, while also providing struc-
tured tasks with clear goals and immediate feedback that help
learners externalize reasoning processes and engage with ab-
stract computational concepts [Papastergiou, 2009; Rieber
et al., 1998; Nazry and Romano, 2017]. Among digital plat-
forms, Minecraft has gained attention as a flexible educa-
tional tool capable of promoting exploration, experimenta-
tion, and hands-on construction in virtual environments, with
successful applications across a variety of pedagogical con-
texts [Gallagher, 2014; Baek et al., 2020]. However, its po-
tential for teaching graph theory remains largely unexplored,
especially for learners with ADHD.

In response to this gap, the present work proposes a ped-
agogical activity implemented within the Minecraft environ-
ment to introduce core graph theory concepts to students with
ADHD. The activity aims to make abstract structures more
concrete and interactive while fostering engagement, com-
prehension, and retention. Additionally, a preliminary eval-
uation with a small group of participants examines the ped-
agogical impact of this approach, providing initial insights
into how game-based learning can support the acquisition of
complex computational concepts by students with attentional
challenges.

The remainder of this paper is organized as follows.
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Section 2 reviews the related work relevant to this study. Sec-
tion 3 presents the theoretical background, outlining the fun-
damental concepts that support the activity proposed. Sec-
tion 4 describes the methodology adopted throughout the
project. Section 5 details the development and implementa-
tion of the activity. Section 6 reports and analyzes the results
obtained. Finally, Section 7 concludes the paper by summa-
rizing the main contributions and indicating directions for
future research.

2 Related Work
This chapter presents a review of studies relevant to this
research, organized around three thematic areas: educa-
tional games for teaching graph theory, pedagogical uses of
Minecraft, and games designed specifically for learners di-
agnosed with ADHD. Collectively, these works provide an
overview of how game-based learning and immersive envi-
ronments have been leveraged to support conceptual under-
standing, engagement, and inclusivity in educational con-
texts.

A number of studies have explored the use of educa-
tional games to teach graph theory. Cordero et al. [2022]
present a medieval-themed board game in which students
model a map as a directed and weighted graph to assist a char-
acter in finding efficient routes, applying shortest-path algo-
rithms such as Dijkstra and Bellman–Ford. Santos and Fer-
reira [2021] propose Formigas em Grafos, available in both
board and digital formats, where students represent routes
within an anthill as a graph and guide ants through optimized
paths, reinforcing foundational path-finding concepts. Pa-
vani et al. [2023] introduce Graph Defender, a digital game
focused on breadth-first and depth-first search, encouraging
students to apply these algorithms to protect a graph in an in-
teractive scenario. Across these examples, playful and con-
textualized activities are used to transform abstract topics
into approachable learning experiences, consistently yield-
ing improvements in student engagement and comprehen-
sion.

Other works investigate the use of Minecraft as a peda-
gogical platform, highlighting its potential as an immersive,
flexible, and motivating tool for learning. Gama et al. [2024]
employ Minecraft to teach digital circuits through nine vir-
tual laboratories that allow students to manipulate compo-
nents and observe real-time outcomes, showing promise in
reducing intimidation and dropout rates in the Computer Sci-
ence course. Oliveira [2023] presents the Ilha de Frações,
a Minecraft-based environment designed to support under-
standing of mathematical fractions through exploration and
interaction with in-game structures. Trindade et al. [2020]
adopt a constructionist approach to teaching computational
thinking to elementary students, asking them to collabora-
tively design a new version of their school within Minecraft.
Their evaluation indicates substantial gains in motivation,
collaboration, logic, sequencing, and modular reasoning. To-
gether, these studies reinforce the view that Minecraft is a
powerful platform for promoting engagement and facilitating
meaningful learning across diverse subjects.

A third line of research focuses on the development
of digital games tailored to learners with ADHD. Mon-

teiro and Adamatti [2021] describe a neurofeedback-based
endless-runner game that adapts gameplay based on real-time
measurements of users’ concentration levels, supporting at-
tention regulation through individualized feedback loops.
Alves et al. [2023] introduce Bilhar Geográfico, a geography-
learning game for children with ADHD designed using a
user-centered methodology guided by the PACT framework,
incorporating elements such as reward systems, positive
feedback, and controlled visual stimuli to address the cog-
nitive needs of this population. These studies highlight the
importance of adapting game mechanics to the attentional
patterns, motivational profiles, and sensory processing char-
acteristics of individuals with ADHD, demonstrating the po-
tential of games as supportive tools for both learning and cog-
nitive development.

Compared to these works, the present project offers a
distinctive contribution by integrating all three dimensions:
it uses graph theory as the core subject matter, employs
Minecraft as an immersive and highly engaging learning en-
vironment, and intentionally incorporates pedagogical strate-
gies tailored to the needs of students diagnosed with ADHD.
By combining algorithmic concepts with inclusive game-
based learning within a widely familiar virtual world, this
study proposes an approach that aims not only to enhance
conceptual understanding but also to foster sustained engage-
ment and a positive learning experience for ADHD learners.

3 Theoretical Background
This section presents the theoretical foundations underlying
the activity, covering essential graph theory concepts, inter-
active educational methods and tools, and considerations re-
lated to ADHD. It reviews the relevant subjects that justify
the choice of content and approaches used later on.

3.1 Graph Theory Concepts
Graph theory is a key area of discrete mathematics that mod-
els relationships through vertices and edges, enabling the rep-
resentation of networks and the analysis of how elements
connect [Bollobás, 1998]. A graph G = (V,E) consists of a
set of vertices V and a set of edges E, where each edge con-
nects two vertices {u, v}. A subgraph G′ = (V ′, E′) satis-
fies V ′ ⊆ V and E′ ⊆ E [Szwarcfiter, 2014]. When edges
have associated weights, the structure becomes a weighted
graph (G,w), where w : E → R assigns a weight to each
edge, allowing the representation of costs, distances, or time
[Bondy and Murty, 2008; Weiss et al., 2023].

A path is a sequence of vertices connected by edges,
and a cycle is a path that begins and ends at the same vertex
[Bondy and Murty, 2008]. A graph is considered connected
if there is a path between any two vertices; otherwise, it is dis-
connected. A connected component is a subgraph in which
all vertices are mutually reachable [Cormen et al., 2009].

A graph is a tree when it is connected and acyclic
[Szwarcfiter, 2014]. A tree with |V | vertices has exactly
|V | − 1 edges and contains a unique path between any pair
of vertices. In a connected graph G = (V,E), a span-
ning tree is a subgraph that contains all vertices and only the
|V | − 1 edges needed to maintain connectivity without cy-
cles [Szwarcfiter, 2014]. Different spanning trees may exist
for the same graph.
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A minimum spanning tree (MST) is a spanning tree that
minimizes the total weight of its edges [Cormen et al., 2009].
Given w : E → R, the objective is to find a set T ⊆ E
that is connected, acyclic, and minimizes

∑
e∈T w(e). MSTs

are widely used in systems that require cost-efficient connec-
tions, such as transportation, communication, and power net-
works.

There are different classical algorithms for solving the
minimum weight spanning tree problem. Two well known
are Kruskal’s and Prim’s algorithms. Both are efficient, but
use different strategies for selecting edges. In this paper, only
Kruskal’s algorithm will be discussed.

Kruskal’s algorithm works by sorting all the edges of the
graph in ascending order of weight and selecting the light-
est edges that do not form cycles with those already chosen.
The process ends when the spanning tree has exactly |V |− 1
edges, ensuring a connected structure with the lowest possi-
ble total cost [Cormen et al., 2009].

3.2 Interactive Methods and Tools in
Education

Interactive methods and digital tools increasingly support
contemporary education by enhancing engagement and pro-
moting active learning through play, experimentation, and
student autonomy. Serious games, gamification strategies,
and platforms such as Minecraft exemplify how interactive
technologies enrich learning environments and respond to di-
verse educational needs.

Serious games incorporate playful elements into educa-
tional contexts to foster engagement and meaningful learn-
ing [Rieber et al., 1998]. They allow students to explore
concepts in safe scenarios and benefit from emotional and
motivational effects, as shown by navigation-based games
that positively influence players’ mood and cognitive as-
similation [Nazry and Romano, 2017]. Their multisensory
experiences, problem-solving activities, and real-time feed-
back further expand traditional instructional approaches [Pa-
pastergiou, 2009].

Gamification applies game elements to non-game learn-
ing environments to increase motivation and participation
[Kapp, 2012]. Rather than replacing traditional teach-
ing, it complements it by supporting learning-by-doing, en-
abling students to apply theoretical concepts and strengthen
problem-solving abilities [Orlandi et al., 2018]. Chal-
lenges, rewards, and immediate feedback help sustain in-
terest and persistence, enriching the pedagogical experience
without discarding conventional methods [Bahia and Car-
valho, 2024].

Minecraft, a sandbox game based on constructing and
exploring three-dimensional block environments [Mojang,
2021], has recognized educational potential. It promotes cre-
ativity, exploration, and problem-solving through collabo-
rative and active learning [Gallagher, 2014]. The platform
supports curricular integration and allows students to engage
with diverse concepts interactively and autonomously, fos-
tering critical thinking and creative knowledge application
[Baek et al., 2020].

3.3 Attention Deficit Hyperactivity
Disorder

According to the Diagnostic and Statistical Manual of Men-
tal Disorders (DSM-5-TR) [American Psychiatric Associa-
tion, 2022], ADHD is defined as a persistent pattern of inat-
tention and/or hyperactivity-impulsivity that interferes with
functioning or development. Symptoms must appear before
the age of twelve, occur in at least two different contexts, and
cause clinically significant impairment in academic, social,
or occupational performance. ADHD is presented into three
categories, namely predominantly inattentive, predominantly
hyperactive/impulsive, and combined. This variability in
symptom intensity and expression makes diagnosis challeng-
ing and requires tailored educational and therapeutic strate-
gies.

Students with ADHD face academic difficulties that ex-
tend beyond inattentiveness, often resulting from challenges
with behavioral self-regulation, sustained attention, and or-
ganizational skills, which may lead to lower performance
in tasks that require continuous focus [DuPaul and Volpe,
2009]. In addition, Mahdi et al. [2017], using the framework
of the International Classification of Functioning, Disability
and Health (ICF), emphasize that individuals with ADHD
also experience barriers in social interaction, motivation for
learning, and adaptation to school environments. These dif-
ficulties can be intensified by rigid pedagogical methods and
limited teacher awareness, indicating the importance of ed-
ucational interventions that respect individual learning pro-
files and promote inclusive development.

Hyperfocus is an aspect commonly observed in indi-
viduals with ADHD. It is defined as a state of intense and
prolonged concentration on a single activity, commonly ob-
served in individuals with ADHD. As described by Hupfeld
et al. [2019], this phenomenon occurs when attention be-
comes deeply absorbed in tasks that are personally engag-
ing, often causing the individual to ignore other demands or
stimuli. While hyperfocus may enhance performance in ar-
eas of interest, it can also create challenges in contexts that
require divided attention. According to Marciano [2019],
games such as Minecraft can facilitate this immersive state
because their open-ended and interactive structure encour-
ages creative exploration and problem-solving. As a result,
Minecraft can function as an effective educational tool by
combining engaging challenges with learner autonomy, pos-
itively channeling hyperfocus to support content assimila-
tion.

4 Methodology
This study was guided by two main methodological ap-
proaches: the methodology proposed by Honda et al. [2022]
and the evaluation questionnaire developed by Savi et al.
[2010]. The combination of these methods allowed for a
structured design of the educational activity and a system-
atic evaluation of its outcomes.

This methodology [Honda et al., 2022] provides a
framework for designing educational activities that integrate
digital tools and game elements to enhance student engage-
ment. It comprises three stages: conception, ludification,
and evaluation. The conception stage defines the learning
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problem, target audience, theme, and content; ludification
focuses on the design of game elements and learning me-
chanics following an Educational Game Design Document
(EGDD); and evaluation involves testing the prototype to
identify improvements, with possible iteration across stages.
More specifically in the evaluation stage, an appropriate eval-
uation method needs to be selected to assess how effectively
the activity supports the intended learning goals, such as a
questionnaire or another instrument. For this project, it in-
volved applying the activity to participants and then evalu-
ating their experience using the questionnaire developed by
Savi et al. [2010], allowing us to analyze both the perceived
usability and the effectiveness of the learning process. Fol-
lowing this structured process ensured the alignment between
pedagogical intent and the engaging characteristics of the
game-based learning environment.

As mentioned earlier, the questionnaire proposed by
Savi et al. [2010] was used as an assessment instrument.
The questionnaire was originally proposed to evaluate ed-
ucational games based on multiple dimensions that capture
cognitive, affective, and usability aspects of the learning ex-
perience. The framework includes dimensions such as mo-
tivation, user experience, knowledge, and social interaction.
Each dimension is represented by a set of statements rated on
a Likert [1932] scale, allowing participants to express their
degree of agreement regarding different aspects of the game
or activity. Although the questionnaire is a general-purpose
instrument and was not developed specifically to individuals
with ADHD, it was chosen because of its multidimensional
aspects, which are particularly relevant for this target group.

In this study, the questionnaire was adapted to better fit
the context and objectives of the proposed activity. Specif-
ically, the social interaction dimension was removed, since
the goal of the activity was not to promote collaboration or
communication among participants but rather to foster indi-
vidual engagement and understanding of the topic. Addition-
ally, a selection of the most relevant questions from each re-
maining dimension was made in order to shorten the instru-
ment. This decision aimed to avoid making the evaluation
process overly long or tedious, thereby maintaining partici-
pant engagement and ensuring more reliable responses. The
adapted version of the questionnaire was applied after the ac-
tivity was completed, allowing for an effective assessment of
motivational and learning-related aspects.

The original questionnaire, written in Brazilian Por-
tuguese, contained 43 statements. Following the adaptations
described above, the final version used in this study consisted
of 22 statements. The selected statements translated into En-
glish are presented in Table 1.

The activity was applied with a group of eight under-
graduate students from the Computer Science course at Fed-
eral University of Fronteira Sul (UFFS). The group included
four participants who reported having ADHD and four with-
out, with the latter serving as the control group. The group
consisted of four participants who reported having ADHD
and four without ADHD, who composed the control group.
The non-ADHD participants were selected through conve-
nience sampling, as no specific selection criteria were ap-
plied and participation was voluntary.

The activity was conducted in a university computer

laboratory, with all participants working simultaneously at
individual workstations. The session lasted approximately
15 to 20 minutes, and the questionnaire was administered im-
mediately after the completion of the activity.

5 Activity Design and Development
The activity was designed to teach Kruskal’s algorithm in
an interactive and visual way, using Minecraft as the main
environment. Players interact with different elements of the
game’s surroundings to explore the concept of a minimum
spanning tree (MST), using redstone dust to connect and lit
redstone lamps along specific paths.

As mentioned previously in Section 4, the development
process followed the principles of the methodology proposed
by Honda et al. [2022], organized into three stages (concep-
tion, ludification, and evaluation). These stages guided the
activity design with a clear focus on the target audience, en-
suring an accessible and engaging learning experience for
students with ADHD.

5.1 Conception
During the conception stage, the learning problem, target au-
dience, theme, and content were defined. The learning prob-
lem identified is the difficulty students face when approach-
ing graph theory, a subject that is highly abstract and often
challenging in Computer Science courses. Graph theory is
introduced as an abstract and formal field, centered on math-
ematical structures and rigorous proofs [Bondy and Murty,
2008]. Such characteristics contribute to making the subject
challenging for beginners, particularly students who struggle
with abstract reasoning. The activity is aimed specifically at
computer science students diagnosed with ADHD, as these
students tend to face additional difficulties with abstract con-
cepts and traditional instructional formats [American Psychi-
atric Association, 2022]. This refinement of the target audi-
ence guided early design decisions, emphasizing the need for
a more concrete, visual, and interactive approach to support
comprehension.

Minecraft was selected as the environment for the activ-
ity because of its widespread popularity, its successful use in
prior educational initiatives, and its ability to represent al-
gorithmic logic through visual elements [Gallagher, 2014].
These considerations shaped the theme and content of the ac-
tivity, aiming to help learners explore MSTs through hands-
on interactions that mirror the step-by-step of Kruskal’s al-
gorithm.

5.2 Ludification
In the ludification stage, the in-game elements, storyline,
level design and aesthetic aspects were determined. Since
the target audience of this study are students diagnosed with
ADHD, the design choices prioritized clarity, structured
tasks, and visual support. These choices align with charac-
teristics and learning needs commonly described in ADHD
research, such as the importance of minimizing distracting
factors, using clear goals, and providing organized activi-
ties to sustain engagement [DuPaul and Volpe, 2009; Mahdi
et al., 2017]. The activity aimed to guide students through
the step-by-step logic of Kruskal’s algorithm, including iden-
tifying the edges with the smallest weights, avoiding cycles,
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and ensuring that all vertices of the graph were properly con-
nected.

To support engagement and provide narrative cohesion,
the activity was framed through a simple storyline integrated
into the game environment. The activity takes place in a vil-
lage that has lost its power after a zombie attack, leaving the
inhabitants frightened and turning several villagers into zom-
bie versions of themselves. Dr. Kruskal, the villager respon-
sible for maintaining the village’s electrical system, is occu-
pied searching for a cure, so he writes a book explaining to
the player that the lights can only be restored by activating all
redstone lamps in the village. As students progress through
the stages, additional books left by Dr. Kruskal provide hints
inspired by the logic of Kruskal’s algorithm, guiding them
toward making optimal, cycle-free connections. Once all
lamps are activated, the village’s power is restored and the
narrative concludes with Dr. Kruskal finding a cure, offer-
ing a clear sense of resolution and reinforcing the purpose of
the tasks completed throughout the activity.

The level design emphasized short, goal-oriented steps
and the use of consistent and immediate feedback. Such el-
ements are compatible with what is known about attentional
patterns in ADHD, including the potential benefits of main-
taining a clear sequence of actions and offering quick rein-
forcement to support focus [Hupfeld et al., 2019]. Each phase
of the activity presents a single, delimited task, and feedback
is communicated instantly through visual signals in the game
environment. This approach resonates with findings in digi-
tal game-based learning, showing that games with clearly de-
fined challenges and immediate outcomes can enhance mo-
tivation and comprehension [Papastergiou, 2009].

5.3 Evaluation
5.3.1 Prototyping
During the evaluation stage, the prototype was created us-
ing the Figma [2025] platform. The basic graph structures
were modeled to represent the challenges that would later be
implemented in Minecraft.

As shown in Figures 1 and 2, the initial design focused
on ensuring that the visual layout of the graphs could be
effectively applied to the constraints of the Minecraft envi-
ronment, considering that the game only allows connections
along vertical and horizontal axes, so diagonal edges could
not be represented directly. Therefore, the prototype was ad-
justed to maintain structural coherence and playability under
these conditions.

Figure 1. Original graph prototype
created in Figma.

Figure 2. Graph adapted to
Minecraft’s constraints.

Figure 3. Top-down view of Phase 4 graph inside Minecraft.

5.3.2 Development
After finalizing the prototype, the structures were developed
directly inside Minecraft. Each vertex of the graph was repre-
sented by a redstone lamp, while the edges were constructed
using copper blocks to visually and mechanically represent
the graph connections designed in the prototype (see Figure
3).

To simulate phase progression, each graph is placed in-
side a separate room, forming distinct levels of increasing
complexity. As the player advances, both the graph size and
the algorithmic steps involved in Kruskal’s algorithm grow
progressively more challenging. Hints related to the algo-
rithm are left in books placed throughout the rooms, encour-
aging players to explore, read, and interact with the environ-
ment as part of the learning process.

Upon completing a phase, a button becomes available
to open the iron door leading to the next room. Fireworks
are triggered as a form of celebration and immediate visual
feedback. In the corridor between phases, players are hit with
Bottles o’ Enchanting from a dispenser activated by a pres-
sure plate, reinforcing the feedback received, as these items
grant experience points upon impact, providing immediate
visual and auditory feedback within the game. Once this pro-
cess is complete, a hidden wall opens to reveal the entrance
to the next phase, along with the amount of redstone dust
needed to complete the next challenge given to the player’s
inventory.

Each room also includes a reset button, allowing players
to restart the level in case they are unable to complete it cor-
rectly. When activated, this button removes all the redstone
wire placed on the floor, clears the player’s inventory, and
provides the exact amount of redstone required to attempt
the challenge again. Additionally, every time a player en-
ters a new room, an automatic message is displayed in the
chat to remind them to explore the environment. This mes-
sage serves as a pedagogical prompt to encourage exploration
and help players discover the clues about Kruskal’s algorithm
distributed throughout the game.

The main goal of the activity is for players to connect all
redstone lamps using redstone dust along the copper block
paths, simulating the construction of an MST. To maintain
the integrity of the challenge, the game is set to Adventure
Mode, preventing players from breaking the environment or
placing redstone in incorrect locations. To achieve this, a
specific parameter is assigned in the command that gives the
redstone dust to the player, allowing it to be placed only on
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copper blocks (see Figure 4).

Figure 4. Part of the code used to give players redstone dust inside
Minecraft.

Phase control was implemented using Minecraft’s red-
stone circuits and command blocks. The in-game scoreboard
system tracks the state of each graph vertex: when a redstone
lamp has a parameter set as lit=true, its corresponding score-
board variable (for example, “nodeA”) is set to 1, otherwise,
it remains at 0. The next phase is unlocked only when all
vertices in the current graph are simultaneously lit, follow-
ing Kruskal’s algorithm logic that the MST must contain all
vertices of the graph.

Overall, the system relied on a considerable amount of
in-game logic. The entire structure used 173 “impulse” com-
mand blocks, 122 “repeat” command blocks, 1 “chain” com-
mand block, 116 redstone repeaters, and a very large number
of redstone wires distributed across the levels. All of these
mechanisms are hidden from players, embedded within the
structure’s walls, roofs or underground, ensuring that only
the functional and aesthetic parts of the environment are vis-
ible during the gameplay. This hidden system ensures the au-
tomation of game events, accurate phase progression, consis-
tent feedback and control responses throughout the activity.

The complete Minecraft world created for the ac-
tivity, along with a demonstration video showcasing the
gameplay, is publicly available in a GitHub repository.
This repository aims to support further exploration of the
proposed activity by other researchers or educators inter-
ested in applying or adapting the approach. The materi-
als can be accessed at https://github.com/clairos/
graph-theory-minecraft.git.

6 Results and Discussion
This section presents and discusses the results obtained from
the self-assessment questionnaire completed by the partici-
pants after finishing the activity.

Before analyzing the results in detail, it is relevant to de-
scribe the participants’ profile. The group consisted of eight
male computer science students, four with an ADHD diagno-
sis and four who identified as neurotypical. Among the neu-
rotypical participants, all had previously studied Kruskal’s
algorithm, while in the ADHD group, two had prior knowl-
edge of it and two had not. Six participants were between 18
and 24 years old, whereas the remaining two were between

25 and 29. Regarding race, seven participants identified as
white and one as mixed (pardo).

6.1 Data Analysis
To analyze the collected data, the responses were grouped
into dimensions corresponding to the evaluated concepts,
and the average score for each dimension was calculated.
The questionnaire was answered using a Likert [1932] scale
(translated into Brazilian Portuguese): 1 for “Strongly dis-
agree”, 2 for “Disagree”, 3 for “Neutral”, 4 for “Agree”, and
5 for “Strongly agree”. The scores for negatively worded
statements (e.g.,“There were moments when I thought about
giving up.”), where a lower result indicate a more positive
outcome, were inverted using the formula inverted score =
6−original score so that higher values consistently reflected
better outcomes. After this adjustment, the mean was calcu-
lated for each dimension: motivation, user experience, and
knowledge.

6.1.1 ADHD Group
According to the results presented in Table 1, the group
of students with ADHD presented consistently high results
across all three dimensions. Regarding motivation, the aver-
age score was 4.78, indicating strong engagement, interest,
and relevance of the activity. Participants demonstrated high
willingness to learn and maintain focus during the task, sug-
gesting that the interactive nature of the activity successfully
supported sustained attention.

The user experience dimension also received great eval-
uations, with an average of 4.80. Students reported that the
activity was immersive and enjoyable, while maintaining an
appropriate challenge level. That also indicated that feed-
back and progress tracking helped them stay motivated and
avoid distraction, reinforcing the suitability of game-based
learning environments for learners with ADHD.

Finally, in the knowledge dimension, the average score
was 4.58. Participants expressed confidence in understand-
ing how Kruskal’s algorithm works and in applying it to
graph problems.

In summary, the responses indicated that the visual and
interactive aspects of the activity contributed to better com-
prehension and recall of the concepts.

6.1.2 Neurotypical Group
The neurotypical participants also rated the experience pos-
itively, although their averages were slightly lower overall
(see Table 1). For motivation, the group obtained an average
of 4.28, indicating good engagement but with more variabil-
ity among responses. Some participants rated low on their
interest in exploring more about the topic, which could possi-
bly be due to prior familiarity with the algorithm or different
learning preferences.

The user experience dimension showed an average score
of 4.40, although a few participants mentioned brief mo-
ments of reduced immersion. The challenge level was gener-
ally seen as balanced, yet some participants noted mild diffi-
culties or slightly less engagement compared to those in the
ADHD group.

In the knowledge dimension, the average score was
3.75. While participants acknowledged learning benefits,
they reported a slightly lower sense of mastery or retention

https://github.com/clairos/graph-theory-minecraft.git
https://github.com/clairos/graph-theory-minecraft.git
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Table 1. Average responses by dimension and question for ADHD and Neurotypical participants.

Statement ADHD Group Neurotypical Group
Motivation 4.78 4.28
There was something interesting at the beginning of the activity that cap-
tured my attention.

4.75 4.50

The Minecraft environment design was attractive and engaging. 5.00 4.50
I enjoyed the activity enough to want to learn more about Kruskal’s algo-
rithm.

4.50 3.25

Studying Kruskal’s algorithm is relevant to my interests or academic train-
ing.

5.00 3.75

The activity was harder to understand than I would have liked. 1.25 (4.75)1 1.25 (4.75)1

There was so much information that it was difficult to identify the key points
of the algorithm.

1.50 (4.50)1 2.00 (4.00)1

I could not understand a considerable part of how the algorithm works. 1.25 (4.75)1 1.75 (4.25)1

Completing the exercises related to Kruskal’s algorithm gave me a sense of
accomplishment.

4.75 4.75

The feedback during the activity helped me feel that my effort was worth-
while.

5.00 4.75

User Experience 4.80 4.40
I lost track of time while performing the activity. 5.00 4.75
There were moments when I thought about giving up. 1.75 (4.25)1 1.25 (4.75)1

I felt motivated to learn from the activity. 5.00 3.75
I enjoyed the activity and did not feel anxious or bored. 5.00 5.00
The activity was appropriately challenging (neither too easy nor too hard). 4.25 3.50
I felt successful when applying Kruskal’s algorithm. 4.75 4.25
I noticed progress in my learning of Kruskal’s algorithm throughout the
activity.

5.00 4.00

I enjoyed performing the activity for a long time. 5.00 4.25
I would like to repeat the experience at another time. 5.00 4.75
At times, I was hoping for the activity to end soon. 1.25 (4.75)1 1.00 (4.00)1

Knowledge 4.58 3.75
After the activity, I can recall more information about Kruskal’s algorithm. 4.50 4.25
After the activity, I can better understand how Kruskal’s algorithm works. 5.00 3.25
After the activity, I feel more capable of applying Kruskal’s algorithm to
solve graph problems.

4.25 3.75

1 Average obtained using the inverted score formula.

compared to the ADHD group.
This analysis suggests that the game-based and visual

aspects of the activity may have had a more significant impact
on learners with attentional difficulties.

6.1.3 Comparative Analysis
When comparing the two groups, students with ADHD
showed slightly higher averages in every category: motiva-
tion (4.78 vs. 4.28), user experience (4.80 vs. 4.40), and
knowledge (4.58 vs. 3.75). Even though the differences are
not particularly large, they are meaningful considering the
target audience of the study.

Overall, the results indicate that the Minecraft envi-
ronment effectively supported focus, engagement, and com-
prehension among students with ADHD. Elements such as
immediate feedback, clear goals, and interactive problem-

solving seem to reduce cognitive overload and sustain moti-
vation. In contrast, neurotypical students also benefited from
the activity, but their responses suggest a more neutral en-
gagement pattern, possibly because they are less affected by
distractibility and therefore less influenced by the activity’s
supportive structure.

7 Conclusion
This study presented an educational activity designed to sup-
port the learning of Kruskal’s algorithm through a game-
based experience inside Minecraft, with focus on students di-
agnosed with ADHD. The proposal was motivated by the re-
curring difficulties students face when approaching abstract
topics in graph theory and by the potential of immersive en-
vironments to provide structured, visually rich, and engag-
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ing learning experiences. Guided by Honda et al. [2022]’s
methodology and based on principles of game-based learn-
ing, the activity integrated concrete interactions, a narra-
tive framework, and progressive challenges to help transform
studying an abstract algorithm into a more accessible and
meaningful experience.

Compared to existing works, the project stands out by
combining three dimensions rarely explored simultaneously:
graph theory as the central learning content, Minecraft as an
interactive medium, and specific pedagogical considerations
for learners with ADHD. While several studies use games
to teach graph concepts, others explore Minecraft in educa-
tion, and some focus on designing tools for ADHD students,
this proposal integrates all three areas into a single struc-
tured activity. The development process involved identifying
the target audience, defining the theme, creating prototypes,
adapting graph structures to the constraints of the game, im-
plementing multiple levels with increasing complexity, and
embedding feedback mechanisms, clear goals, and environ-
mental cues aligned with the cognitive and attentional needs
of the target group.

The results obtained through the adapted Savi et al.
[2010] questionnaire indicate strong levels of motivation,
positive user experience, and meaningful learning outcomes.
Students with ADHD demonstrated particularly high engage-
ment, reporting sustained attention, clear understanding of
the algorithm, and a positive experience throughout the ac-
tivity. Neurotypical students also evaluated the activity fa-
vorably, although with slightly lower averages in knowledge
and motivation, suggesting that the design may especially
benefit learners who struggle with abstract or less structured
instructional formats. Altogether, the findings reinforce the
potential of integrating game mechanics, visual representa-
tions, and narrative elements to enhance comprehension and
engagement, highlighting Minecraft as a promising tool for
inclusive and effective teaching of complex computer science
topics.

In future extensions of this work, several promising di-
rections could be explored. One possibility is the develop-
ment of a multiplayer version of the activity, allowing stu-
dents to collaborate or compete while applying Kruskal’s
algorithm, potentially enhancing engagement and fostering
cooperative learning dynamics. Another avenue involves ex-
panding the scope of the challenges by introducing larger and
more complex graphs, enabling the algorithm to be applied in
scenarios that demand more strategy, coordination, and cog-
nitive effort. These potential extensions highlight opportuni-
ties for expanding the project and broadening its educational
impact in future work.
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