Journal of Learning for Development 13(3), 2026, 483-496.

Gamifying Lower-Secondary School Computing: A Quasi-Experimental
Study with Implications for Open and Distance e-Learning

Ulpan Toikenova!, Serik Kenesbayev!, Kamalbek Berkimbayev?, Indira Salgozha®
and Zhadyra Kazhiakparova*

'Department of Computer Science, Kazakh National Women’s Teacher Training University, Almaty,
Republic of Kazakhstan
’Department of Computer Engineering, Khoja Akhmet Yassawi International Kazakh-Turkish University,
Turkestan, Republic of Kazakhstan

’Department of Informatics and Informatization of Education, Abai Kazakh National Pedagogical
University, Almaty, Republic of Kazakhstan

‘Department of Physical Culture and Informatics, West Kazakhstan Innovative and Technological
University, Uralsk, Republic of Kazakhstan

Keywords Abstract
pedagogical This study examined the value of integrating gamification into lower-
approach, game- | secondary computing education. A mixed-methods design combined
based methods, theoretical analysis, student surveys, interactive lesson development, and a
zgumclzlltl;;?lg three-month school-based quasi-experiment. The sample comprised 120

students from three schools in Kazakhstan, equally divided into

g;ﬁ;::;g;dlgltal experimental and control groups. The experimental group received
secondary ’ gamified computing instruction, whereas the control group followed
education conventional teaching. Students exposed to gamification showed stronger

outcomes across motivation, subject knowledge, and problem-solving: 45%
reached a high motivation level compared with 20% in the control group,
40% achieved a high level of subject knowledge compared with 25%, and
50% attained a high level of problem-solving compared with 30%. The
findings also indicate that gamification supported teamwork, critical
thinking, and algorithmic reasoning. The study concludes that interactive
tasks, reward systems, and collaborative and competitive learning formats
can increase the effectiveness and attractiveness of computing instruction
when aligned with educational objectives for students.

Introduction
Computing education at the lower-secondary level requires students to understand abstract
concepts, apply algorithmic reasoning, and solve practical problems. However, students may
perceive computing tasks as difficult or insufficiently engaging, which can reduce motivation,
participation, independence, and learning performance. Gamification offers a potential response
by integrating points, badges, narratives, progress levels, immediate feedback, competition, and
collaboration into curriculum-based instruction. The research problem addressed in this study
was the limited empirical evidence regarding the effectiveness of a coherent gamified
instructional model within Kazakhstan’s nationally regulated lower-secondary computing
curriculum. The independent variable was the instructional approach, comprising gamified
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instruction in the experimental group and conventional instruction in the control group. The
dependent variables were student motivation, engagement, attitudes towards computing,
perceived task accessibility, independence in task completion, conceptual understanding,
practical application of knowledge, and creative performance.

Accordingly, this study examined whether a three-month gamified computing
intervention produced stronger motivational, behavioural, and academic outcomes than
conventional teaching among students in Grades 5-7.

Literature Review

Gamification has been used to integrate game-design elements into education to improve
motivation, engagement, and learning. Earlier studies generally reported positive outcomes,
although their settings and methods differed considerably.

e Alsadoon et al. (2022) found that points, rewards, and leaderboards improved
achievement, motivation, satisfaction, and engagement.

e Lakhonmoon et al. (2025) showed that game-based control of electronic devices
supported technical skills and practical application, while Gatzoulis et al. (2022) reported
that epistemic games strengthened technical knowledge, decision-making, and problem-
solving.

e Andrunyk and Shestakevych (2023) associated gamified projects with creativity,
teamwork, social responsibility, and participation.

e Zhang et al. (2023) found motivational benefits in informal science learning, whereas
Salaberri et al. (2021) linked gamification with multimodal literacy. Zhao (2021)
highlighted digital technologies in rural education, and Yazdi et al. (2024) identified
engagement and digital interaction as important themes in online gamification research.

e Dabhalan et al. (2024) concluded that gamification and game-based learning could
strengthen motivation and professional competence in vocational education. Zsigmond et
al. (2020) similarly reported stronger engagement, motivation, and problem-solving
among computing students.

o In Kazakhstan, Ermakan et al. (2024) found that gamification supported motivation,
critical thinking, participation, and interdisciplinary learning, but did not specifically test
a curriculum-aligned lower-secondary computing model.

Recent evidence has made the picture more critical. Simsek and Karakus Yilmaz (2025)
found generally positive cognitive and affective effects but substantial variation across online-
learning studies. Gini et al. (2025), Papadakis et al. (2026), and Niyazova et al. (2026) further
indicated that outcomes depended on pedagogical alignment, personalisation, feedback, and
context rather than rewards alone. Pereira Perez et al. (2026) also showed that learner responses
to competition and cooperation differed, questioning the assumption that identical game elements
motivate all students equally.

Three gaps, therefore, remained. First, much previous evidence came from higher,
vocational, informal, or online education rather than lower-secondary computing. Second, many
studies examined isolated platforms or outcomes rather than coherent curriculum-level models.
Third, evidence from Kazakhstan remained limited, particularly studies assessing motivational,
behavioural, and academic outcomes together. The present study addressed these gaps by
implementing a three-month curriculum-aligned gamification model in three Kazakhstani
schools. It compared gamified and conventional instruction and assessed motivation,
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engagement, attitudes, independence, conceptual understanding, practical application, and
creative performance within the same quasi-experimental design.

Conceptual Framework

The conceptual framework integrated Self-Determination Theory and Flow Theory to explain
how gamification elements influenced learning through motivational and cognitive mechanisms.
Points, badges, leaderboards, and immediate feedback were intended to strengthen perceived
competence by making progress visible, while narrative tasks and clear goals supported attention
and relevance. Progressive complexity maintained the balance between challenge and ability
associated with flow, whereas collaborative and competitive activities supported relatedness and
participation, and opportunities for independent task completion supported autonomy. Through
these mechanisms, gamified instruction was expected to enhance motivation, engagement,
attitudes towards computing, independence, conceptual understanding, practical application, and
creative problem-solving.

Research Objective and Questions

The current study aimed to develop and evaluate a curriculum-aligned model of gamification for
lower-secondary computing education and to compare gamified and conventional instruction in
terms of students’ motivational, behavioural, attitudinal, and academic outcomes. To attain the
stated objective, the study addressed the following questions:

1. What curriculum-aligned pedagogical principles, instructional approaches, and
computing topics provide an appropriate framework for gamified lower-secondary
computing instruction?

2. What differences are observed between gamified and conventional instruction in
students’ motivation, engagement, attitudes towards computing, perceived task
accessibility, and independence in task completion?

3. What differences are observed between gamified and conventional instruction in
students’ conceptual understanding, practical application of knowledge, creative
performance, and overall computing achievement?

Methods

The study used a mixed-methods quasi-experimental design to evaluate a curriculum-aligned
gamification intervention conducted from September to November, 2024. The sample comprised
120 students aged 11-13 years from three Kazakhstani schools, with 60 students in the
experimental group and 60 in the control group. Intact classes were allocated by cluster because
individual randomisation was not feasible. Quantitative evidence was obtained from
questionnaires and diagnostic assessments, while qualitative evidence came from student
assignments, classroom observations, teacher checklists, and post-intervention feedback. Self-
Determination Theory and Flow Theory informed the intervention design.

Population and Sample

The sample comprised 120 students aged 11-13 years in Grades 5-7 from three Kazakhstani
schools: Lyceum No. 24, Secondary School named after Zhamenke Batyr, and Gymnasium No.
15 in Almaty. Cluster sampling was used to select intact classes representing different school
types and urban/semi-urban contexts. Participants included 50 boys and 70 girls and were
divided equally between the experimental and control groups (n = 60 each). Baseline records,
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diagnostic assessments, and questionnaires showed no significant group differences in prior
achievement, grade level, gender composition, or motivation (p > .05). Participant flow is shown
in Figure 1.

Students assessed for-eligibility (n=120)
from three secondary schools

| )

Allocated to control group (n=60)

Excluded (n=0)

Allocated to experimental group (n=60)

: :

Conventional computing Gamified computing
instruction (3 months) instruction (3 months)

! |

Completed post-test and Completed post-test and
questionnaire (n=60) questionnaire (n=60)

! |

Included in analysis (n=60)

Included in analysis (n=60)

Figure 1: Flow of participants through the three-month quasi-experimental study

Tools and Techniques

The tools, instruments, and analytical procedures were selected according to the three research
questions. RQ1 was addressed through curriculum and instructional-design analysis, while RQ2
and RQ3 were addressed through quantitative comparisons supported by qualitative evidence.
Table 1 summarises the alignment between research questions, samples, instruments, and data-
analysis methods.

Table 1: Alignment of Research Questions, Samples, Instruments, and Data-Analysis Methods

Research Question

Sample

Tools or Instruments

Data Analysis Method

RQI

RQ2

RQ3

National lower-

secondary computing

curriculum and

intervention materials

120 students

(experimental n = 60;

control n = 60)

Curriculum documents;
mstructional materials;
Scratch and Code.org
activities
Questionnaire
(Appendix A);
diagnostic tasks;
classroom observations

Diagnostic tasks; rubric;
student work samples

Curriculum analysis;
descriptive synthesis of
pedagogical principles
and topics
Frequencies,
percentages;
independent #-tests;
Cohen’s d; multilevel
models; cluster-robust
SEs

Frequencies,
percentages; f-tests;
Cohen’s d; multilevel
modelling; thematic
analysis

A researcher-developed questionnaire was administered before and after the intervention
via Google Forms. Learning outcomes were assessed using curriculum-aligned diagnostic tasks
covering understanding, application, creativity, engagement, and independence. Common rubrics
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ensured consistency across schools. Creativity was scored using an analytic rubric (correctness,
complexity, originality, completion). Two trained raters independently scored samples after
calibration. Additional data came from classroom observations, teacher checklists, student work,
and feedback, used to assess fidelity, engagement, independence, and problem-solving. Scratch
and Code.org were the main platforms. Gamified activities included levels, points, badges,
leaderboards, feedback, and collaborative tasks. The links between game elements, instructional
mechanisms, and outcomes are shown in Figure 2.

GAME ELEMENTS
(points, badges, leaderboards,
narrative, progressive complexity,

immediate feedback)

A4

DESIGN MECHANISMS
(goal clarity, challenge-skill balance,
visible progress, social interaction,

immediate reinforcement)

A4

MOTIVATIONAL AND
COGNITIVE MEDIATORS

(attention and perceived relevance,

competence, autonomy, relatedness)

Y

LEARNING OUTCOMES (MEASURED)
¢ Motivation and attitudes to computing
¢ Engagement and participation
¢ Independence in task completion
¢ Conceptual understanding

* Application of knowledge in practice

Figure 2: Logic model of a pathway from gamified instructional elements
to the learning outcomes

Procedure of Data Collection and Compilation

Before data collection, the protocol was approved by the participating schools’ ethics committee
in accordance with requirements. Participation was voluntary, withdrawal was permitted, written
consent was obtained from students and their parents or guardians, and all data were
anonymised, confidential, and used for academic purposes. The study proceeded in three stages:

1) Baseline assessment and preparation: Both groups completed the baseline
questionnaire. Diagnostic tasks and school records were reviewed to establish
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prior achievement and group comparability. Teachers then completed a six-hour
workshop on gamification, curriculum alignment, lesson planning, Scratch,
Code.org, narrative tasks, progressive complexity, feedback, rewards, and
collaborative and competitive formats.

i1) Intervention: The national lower-secondary computing curriculum approved
under Order No. 604 (Ministry of Justice, 2018) was analysed, and algorithms and
programming, database management, multimedia technologies, and computer
networks were selected for the intervention. The experimental group received 12
weekly gamified lessons over three months, whereas the control group studied the
same content conventionally. Intervention fidelity was monitored through teacher
checklists, classroom observations, and student-work reviews.

ii1) Post-intervention assessment: Both groups completed post-intervention
questionnaires and diagnostic assessments. Student assignments were scored
using the specified rubrics, feedback was collected, and questionnaire,
assessment, observation, checklist, and feedback data were compiled by group
and measurement stage for subsequent quantitative and qualitative analysis.

Results

RQ1: Framework for Curriculum-Aligned Gamified Computing Instruction
RQ1 examined which pedagogical principles, instructional approaches, and computing topics
provided an appropriate framework for curriculum-aligned gamification. The curriculum and
instructional-design analysis produced three principal findings. First, seven pedagogical
principles were identified: motivation and encouragement, individualised learning, competition
and collaboration, immediate feedback, progressive complexity, interactivity, and sustained
engagement. These principles defined how gamification was incorporated into instruction rather
than treating points or rewards as isolated additions. Second, five complementary instructional
approaches were identified as suitable for implementing these principles: project-based,
problem-based, thematic, computer-assisted, and scenario-based learning. They enabled game
elements to be linked directly to learning objectives through progressively structured, interactive,
and collaborative tasks. Third, algorithms and loops, programming, database management,
multimedia technologies, and computer networks were identified as the most suitable curriculum
areas because they allowed students to produce visible outputs, test solutions, receive immediate
feedback, and revise their work through iterative problem-solving. The analysis also identified
Scratch, Code.org, CodeCombat, Tynker, and Minecraft: Education Edition as potentially
suitable digital environments; the intervention itself principally used Scratch and Code.org.
These findings collectively answered RQ1 by establishing a framework in which
pedagogical principles determined the design of instruction, instructional approaches determined
how activities were organised, and computing topics provided the curricular contexts in which
gamification was implemented. This framework was subsequently operationalised in the
experimental intervention through narrative tasks, progressive challenges, feedback, rewards,
and collaborative or competitive activities. RQ1 therefore established what was implemented and
how it was pedagogically structured, while RQ2 and RQ3 evaluated the outcomes of that
framework. RQ2 examined whether the intervention was associated with differences in
motivation, engagement, attitudes, task accessibility, and independence, whereas RQ3 examined
differences in conceptual understanding, practical application, creative performance, and overall
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computing achievement. Thus, the findings for RQ2 and RQ3 provided the empirical evaluation
of the curriculum-aligned framework identified under RQ1.

RQ2: Differences in Motivation, Engagement, Attitudes, Task Accessibility, and Independence
To establish whether the experimental and control groups entered the study with comparable
attitudes towards computing, baseline questionnaire responses were summarised using
frequencies and percentages. Table 2 presents students’ initial interest in computing, perceptions
of task difficulty, preferences for engaging and varied instructional formats, participation,
attitudes towards group work, and views of interactive learning. Particular attention was given to
whether either group displayed a clear pre-intervention advantage that could account for
subsequent differences.

Table 2: Questionnaire Results at the Beginning of the Experiment

Question Response Options Control Group  Experimental Group
Do you find studying computing  Yes 58% 60%
as a school subject interesting? No 42% 40%
How do you rate the difficulty of = Very complex 20% 18%
computing tasks? Moderately difficult 65% 63%
Easy 15% 19%
Is it important to you that Yes 75% 78%
computing tasks are engaging? No 25% 22%
Do you enjoy lessons that include  Yes 70% 72%
various methods of presenting No 30% 28%
material?
How frequently do you feel Very often 40% 42%
motivated to actively participate Sometimes 35% 36%
in computing tasks? Rarely 20% 18%
Never 5% 4%
Does the format of lesson Yes 68% 70%
delivery influence your interestin ~ No 32% 30%
computing?
Is working in a group important Yes 62% 65%
to you when studying computing? No 38% 35%
What is your overall attitude Positive 60% 62%
towards the use of games or Neutral 30% 28%
interactive elements in the Negative 10% 10%

learning process?

The groups showed similar baseline distributions across interest, task difficulty,
participation, lesson-format preferences, and attitudes towards games and group work.
Motivation also did not differ significantly (p = .67), indicating broadly comparable starting
conditions. Table 3 presents the distributions for conceptual understanding, practical and creative
application of knowledge, engagement, and independence. The table was used to determine
whether gamified instruction produced an overall upward shift in performance rather than an
isolated improvement in a single outcome.
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Table 3: Test Results Following the Experiment

Assessment Criteria (based Control Experimental
on diagnostic tasks) Level Group Group
Understanding of basic High 17 28% 25 42%
concepts Sufficient 21 36% 23 38%
Average 15 25% 9 15%
Basic 7 11% 3 5%
Application of knowledge in High 18 30% 29 48%
practice Sufficient 20 34% 21 35%
Average 16 26% 7 12%
Basic 6 10% 3 5%
Creative application of High 13 22% 24 40%
knowledge Sufficient 19 32% 22 37%
Average 17 29% 11 18%
Basic 10 17% 3 5%
Level of engagement in the High 15 25% 30 50%
learning process Sufficient 21 35% 18 30%
Average 18 30% 9 15%
Basic 6 10% 3 5%
Level of independence in task  High 16 26% 27 45%
completion Sufficient 22 36% 20 33%
Average 17 28% 10 17%
Basic 6 10% 3 5%

Note: the assessments are curriculum-aligned, teacher-administered diagnostic tasks, and reliability was
ensured through shared task specifications, structured scoring rubrics, acceptable internal consistency for
questionnaire measures, and satisfactory inter-rater agreement for performance scoring.

The most salient behavioural pattern was the redistribution of the experimental group
towards the high and sufficient levels of engagement and independence. At the same time, fewer
experimental-group students remained at the average and basic levels. This pattern suggests a
broad group-level improvement rather than a benefit confined to students who were already
highly engaged. The findings for independence were especially important. Students exposed to
gamified instruction were more frequently able to progress through tasks, respond to feedback,
and correct errors without continuous teacher intervention. Classroom observations and
assignment analysis supported this interpretation: experimental-group students persisted more
often after unsuccessful attempts, assumed clearer responsibility for collaborative roles, and
relied less heavily on direct guidance.

Table 4 presents the final distributions for interest, perceived task accessibility,
participation, lesson-format preferences, group work, and attitudes towards interactive elements.
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Table 4: Results of the Questionnaire at the End of the Experiment
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Response
Question Options Control Group Experimental Group
Do you find studying Yes 37 61% 55 92%
computing as a school No 23 39% 5 8%
subject interesting?
How do you rate the Very 11 18% 6 10%
difficulty of computing complex
tasks? Moderately 38 63% 25 42%

difficult

Easy 11 19% 29 48%
Is it important to you that ~ Yes 47 78% 55 92%
computing tasks are No 13 22% 5 8%
engaging?
Do you enjoy lessons that ~ Yes 43 72% 57 95%
include various methods of No 17 28% 3 5%
presenting material?
How frequently do you Very often 25 42% 33 55%
feel motivated to actively Sometimes 22 36% 18 30%
participate in computing Rarely 11 18% 9 15%
tasks? Never 2 4% 0 0%
Does the format of lesson ~ Yes 42 70% 59 98%
delivery influence your No 18 30% 1 2%
interest in computing?
Is working in a group Yes 39 65% 52 87%
important to you when No 21 35% 8 13%
studying computing?
What is your overall Positive 37 62% 57 95%
attitude towards the use of  Neutral 17 28% 3 5%
games or interactive Negative 6 10% 0 0%

elements in the learning
process?

Table 4 presents a clear descriptive pattern in the experimental group following the
intervention. A greater proportion of students reported more positive attitudes towards
computing, higher perceived task accessibility, stronger preferences for varied lesson formats
and collaborative work, as well as more favourable views of games and interactive learning
elements. In contrast, the control group exhibited only minor changes across the same indicators.
These results describe the post-intervention response patterns and provide context for the
subsequent analysis, while the statistical significance of these differences is examined in Table 5.



Journal of Learning for Development 13(3), 2026 492

Table 5: Independent-samples t-Test Results for Post-Intervention Outcomes

Outcome Experimental Control 1(118) )/ Cohen’s
Group, M=SD  Group, M£SD d

Motivation 4.21+.48 3.62+.55 6.19 <.001 .99

Engagement 4.15+.50 3.55+.57 5.82 <.001 .93

Independence 4.05+.53 3.50+.58 5.10 <.001 .82

in task

completion

Overall 78.6£9.4 69.2+1.1 5.28 <.001 .85

diagnostic test
score

Table 5 confirms that the experimental group performed significantly better across all
tested outcomes. Motivation showed the largest between-group difference, followed by
engagement, and independence in task completion. The consistently large effect sizes indicate
that the intervention was associated with a broad motivational and behavioural advantage rather
than an isolated improvement in one outcome. The descending pattern from motivation to
engagement and independence suggests that the strongest difference concerned students’
willingness to participate, accompanied by substantial differences in active involvement and
autonomous task completion. The same pattern extended to overall diagnostic performance: the
experimental group achieved a higher mean score than the control group. Thus, the inferential
results showed that the differences were not limited to students’ perceptions or participation but
were also evident in overall academic performance. The motivation, engagement, and
independence findings directly addressed RQ2, while the diagnostic-score difference provided
inferential evidence relevant to RQ3.

RQ3: Differences in Conceptual Understanding, Knowledge Application, and Creative
Performance

RQ3 was addressed using descriptive distributions for conceptual understanding, practical
application, and creative performance, alongside an independent-samples #-test of the overall
diagnostic score, Cohen’s d, and thematic analysis of assignments. The experimental group
showed a consistent shift towards higher performance levels, particularly in practical and
creative application. Assignment analysis likewise indicated more frequent use of alternative
solutions, error correction, and original elements. These dimension-specific findings were
descriptive. The overall diagnostic score provided inferential evidence: the experimental group
scored significantly higher (M = 78.6, SD = 9.4) than the control group (M = 69.2, SD = 1.1),
#(118)=5.28, p <.001, d = .85, indicating a large between-group difference in overall computing
achievement.

Taken together, the three RQs produced a coherent set of findings. RQ1 identified a
curriculum-aligned framework based on seven pedagogical principles, five complementary
instructional approaches, and computing topics suited to interactive and iterative learning. RQ2
showed significant and large differences in motivation, engagement, and independence in favour
of the experimental group. RQ3 showed a significant advantage in overall diagnostic
performance, alongside descriptive improvements in conceptual understanding, practical
application, and creativity. In practical terms, the findings suggest that a structured gamified
computing model was associated not only with more positive and active participation but also
with stronger overall learning performance.
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Discussion and Implications
The findings indicated that the gamified group outperformed the control group in motivation (d =
.99), engagement (d = .93), independence (d = .82), and overall diagnostic performance (d = .85).
These large between-group differences were consistent with evidence that game-based
computing activities can support terminology learning, programming knowledge, critical
thinking, and problem-solving (Kaldarova et al., 2023; Srinivasa et al., 2024; Videnovik et al.,
2023). Singh (2023) reported similar practice-based observations, although this non-peer-
reviewed source provided weaker evidence than controlled empirical studies. Importantly, the
present results suggested that the intervention was associated not only with greater interest but
also with more independent task completion and stronger academic performance.

The pattern was better interpreted as an effect of the overall instructional configuration
than of rewards alone. Visible progress, immediate feedback, progressive complexity, narrative
tasks, and collaborative challenges were implemented together and may have made difficult
computing tasks more manageable while increasing opportunities for error correction and peer
support. This interpretation was consistent with work on virtual robotics and cybersecurity (Kilic
& Gokoglu, 2022; Starnari et al., 2024) and with research linking interactive and collaborative
gamification with engagement (Szab6 & Kopinska, 2023). It also agreed with recent studies
arguing that gamification is most effective when game elements are pedagogically aligned with
learning objectives, active learning, personalisation, and collaboration rather than treated as
stand-alone incentives (Almufarreh, 2026; Gini et al., 2025; Niyazova et al., 2026; Papadakis et
al., 2026).

The experimental group also showed stronger practical and creative application,
consistent with research on interactive and simulated learning environments (Kilic & Gokoglu,
2022; Videnovik et al., 2023). However, these domain-specific differences were descriptive,
while inferential testing concerned the overall diagnostic score. The quasi-experimental design
also limited inference. Allocation by intact classes, the three-month intervention, and the three-
school sample mean that residual class or school effects, long-term persistence, and broader
generalisability cannot be established.

Implications for Policy and Educational Practice

The study nevertheless added context-specific evidence from Kazakhstan, where infrastructure,
connectivity, teacher readiness, and workload can influence implementation (Katyetova, 2023;
Sanmugam, 2021). Gamification should therefore be treated as a curriculum-design strategy
rather than a universal solution. Scale-up should depend on teacher preparation, common
assessment criteria, technical support, and monitoring of implementation fidelity. This caution is
reinforced by Palmquist and Gunnars (2026), who found that increased learner autonomy might
also increase teachers’ monitoring and feedback demands.

Implications for Open and Distance e-Learning

The findings have potential relevance for ODeL because visible progress, structured sequences,
immediate feedback, and independent task completion can support self-regulated participation
when direct teacher contact is limited. This interpretation is compatible with evidence from
online gamification (Nieto-Escamez & Roldan-Tapia, 2021; Simsek & Karakus Yilmaz, 2025).
However, ODeL was not directly tested; these implications should therefore be treated as
transferable design principles rather than demonstrated effects. Online implementations should
retain pedagogical support, accessible alternatives to competition, low-bandwidth materials, and
formative feedback.
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Suggestions for Further Research

Future studies should use larger multicentre samples, randomised or matched designs, longer
follow-up, and component-level comparisons. Mediation analysis could test whether motivation,
engagement, or independence explains academic improvement, while objective platform data
could complement self-report measures. Further work should also examine learner differences,
teacher workload, implementation fidelity, and the equity, transparency, privacy, and bias
implications of adaptive or Al-supported gamification.

Data Availability: The data that support the findings of this study are available on request from the
corresponding author.
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Appendix A: Questionnaire for Study Participants

Do you find studying computing as a school subject interesting?

How would you rate the difficulty of computing tasks?

Is it important to you that computing tasks are engaging?

Do you like it when computing lessons incorporate various methods of content delivery
(such as presentations, videos, interactive tasks, etc.)?

How frequently do you feel motivated to actively participate in computing tasks?

Does the format of content delivery in computing affect your level of interest?

Is working in groups important to you when studying computing?

What is your overall attitude towards the use of games or interactive elements in the
learning process?
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