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Abstract — This study aims to develop and evaluate an
adaptive gamification model using Scratch to enhance
computational thinking (CT) and real-world case-
handling skills among university students. Grounded in
the ADDIE development framework, the model was
implemented in a quasi-experimental setting involving
control and experimental groups. Data were collected
through pre- and post-tests, reflective journals, and
observation rubrics focusing on CT dimensions
(decomposition, abstraction, algorithm design, etc.) and
problem-handling performance. Quantitative results
showed a significant increase in the experimental
group’s scores compared to the control group. Chi-
Square analysis also revealed a significant association
between the instructional model and students’ success
rates, confirming the model’s effectiveness. Qualitative
findings supported these results, highlighting increased
motivation, cognitive engagement, and the ability to
translate coding concepts into real-life scenarios.
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This study concludes that adaptive gamification
fosters deeper learning and practical skill development
in programming education.
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1. Introduction

Era of rapid digital transformation is where the
ability to think computationally and solve real-world
problems is considered a core competency in the field
of informatics and software engineering [1]. Despite
its significance, many graduates from higher
education institutions still struggle to meet the
demands of the digital industry, especially in applying
programming skills to authentic case scenarios. A
tracer study conducted by Universitas Negeri Padang
(2024) revealed that nearly 30% of informatics
graduates lack programming skills aligned with
industry requirements, highlighting a significant skills
gap that must be addressed through innovative
pedagogical interventions [2]. Traditional methods of
teaching programming often emphasize syntax and
theoretical constructs rather than practical application
and contextual problem-solving. This approach limits
students” engagement, creativity, and ability to
independently formulate solutions using
computational principles [3]. Furthermore, many
students fail to transfer theoretical knowledge into
practical solutions that meet the expectations of
today’s fast-evolving technology sector [4]. As a
result, graduates may face difficulties in adapting to
real work environments where critical thinking, case-
handling, and adaptive decision-making are essential.
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Gamification has emerged as a promising
pedagogical strategy that leverages game elements
such as points, levels [5], rewards, and challenges to
enhance student motivation and engagement. Studies
have shown that integrating gamification into coding
instruction can significantly increase students active
participation, motivation, and comprehension of
complex programming concepts [6]. However, many
gamification approaches remain generic and fail to
connect students with real-world problem-solving
contexts or industry-relevant skill development [7].
To bridge this gap, this study proposes an adaptive
gamification model that incorporates Scratch-based
coding activities within a combined project-based
learning (PjBL) and challenge-based learning (CBL)
framework. This model emphasizes authentic learning
experiences that simulate real-life problem-solving
scenarios, allowing students to design, develop, and
debug functional games that reflect real-world
applications [8]. Moreover, the adaptive nature of the
model ensures that learning challenges align with
individual student competencies, fostering deeper
engagement and mastery of computational skills [9].

The integration of Scratch in higher education
provides an intuitive and visual approach to
programming that helps students develop algorithmic
thinking without the cognitive overload of complex
syntax [10]. When combined with gamified
challenges and meaningful feedback, Scratch
becomes a powerful tool for cultivating computational
thinking, creativity, and real skill case-handling
abilities [11]. This study is grounded in several
intersecting theoretical perspectives that support the
integration of gamification in educational settings to
improve computational thinking and real-world case-
handling abilities. One of the core theoretical
foundations is the Self-Determination Theory (SDT)
developed, which emphasizes the importance of
intrinsic motivation in learning [12]. SDT proposes
that learning environments which support autonomy,
competence, and relatedness foster  greater
engagement and sustained motivation [13].
Gamification, when designed appropriately, has the
potential to fulfill these psychological needs by
offering students choices in how they engage with
tasks (autonomy), clear indicators of progress
(competence), and collaborative or competitive
elements that enhance social connection (relatedness).
These motivational dynamics are critical in promoting
persistence in complex learning domains such as
programming [14].

The cognitive basis of the study draws on
computational thinking as conceptualized Wing and
Papert, who highlight it as a structured way of solving
problems that can be applied across disciplines [15].
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Computational  thinking  encompasses  key
processes such as decomposition, pattern recognition,
abstraction, and algorithm design. These components
align naturally with the learning outcomes of
programming courses and can be effectively fostered
through structured, challenge-based activities [16]. As
students engage with programming challenges
through gamified tasks, they practice breaking down
problems into smaller parts, identifying recurring
patterns, filtering out irrelevant information, and
constructing step-by-step solutions all of which mirror
real-world coding practices. Furthermore, this
research is informed by the principles of Project-
Based Learning (PjBL) and Challenge-Based
Learning (CBL) [17], [18]. These pedagogical
approaches emphasize student-centered learning
through the completion of meaningful, context-rich
tasks that reflect authentic problems. PBL allows
students to construct knowledge by developing digital
products such as games or applications, while CBL
emphasizes iterative experimentation and the
application of conceptual understanding in dynamic
problem contexts. Integrating gamification into these
frameworks enables learners to receive continuous
feedback, maintain sustained engagement, and
develop practical competencies that mirror the
expectations of the technology industry [19].

The use of Scratch as the coding platform supports
the theoretical objective of lowering the entry barrier
for learners by offering a visual, block-based
programming environment [20]. Scratch simplifies
the abstraction of complex programming logic,
making it accessible to novice learners while still
providing room for sophisticated problem-solving.
When embedded in a gamified, adaptive instructional
design, Scratch becomes not just a learning tool but a
simulated workplace environment where students
iteratively build and refine their coding solutions [10].
Overall, this study is situated at the intersection of
motivational theory, cognitive development, and
applied pedagogy, where gamification serves as both
a motivational enhancer and a cognitive scaffold. By
aligning gamified instructional design  with
computational thinking, case-handling, and adaptive
challenge mechanisms, the proposed model aims to
produce deeper learning outcomes that are both
transferable and industry-relevant [21].

This study aims to design, implement, and evaluate
the effectiveness of the proposed adaptive
gamification model in enhancing students’
computational thinking and real-world problem-
solving skills [22]. It contributes not only to the
development of innovative instructional methods in
computer science education but also to efforts in
aligning academic outcomes with the digital
industry’s evolving competency demands.
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2. Methodology

This research employed a mixed-method approach,
combining Research and Development (R&D) using
the ADDIE instructional design model with a quasi-
experimental method to evaluate the effectiveness of
the developed gamification model. The ADDIE
framework comprising Analysis, Design,
Development, Implementation, and Evaluation was
adopted to guide the systematic design and integration
of gamification into a coding course using the Scratch
platform [23]. Each phase of ADDIE was tailored to
support the construction of an adaptive learning model
that aligns with the competencies demanded in the
digital industry. During the Analysis phase, a needs
assessment was conducted to identify gaps in
students’ computational thinking and real-world case-
handling abilities. This involved analyzing tracer
study data, curriculum relevance, and feedback from
instructors and industry stakeholders. The Design
phase involved creating instructional blueprints,
defining learning outcomes, and mapping out
gamification elements such as badges, levels, and real-
case coding tasks [24], [25]. The Development phase
focused on creating the instructional content and
gamified modules within Scratch, including scenarios
that simulate real industry challenges. During the
Implementation stage, the gamification model was
deployed in a classroom setting involving
undergraduate informatics students. Finally, the
Evaluation phase was conducted through pre- and
post-tests, rubric-based project assessments, and
student feedback to assess the model’s effectiveness
and usability [26].

To assess the impact of the model, a quasi-
experimental research design was applied involving
two student groups: An experimental group of 30
students who engaged with the gamified Scratch-
based coding model, and a control group of 30
students who received conventional instruction. Both
groups completed a pre-test to measure baseline skills
in computational thinking and real-case handling.
After the intervention, a post-test was administered,
and the results were analyzed to identify any
significant  improvements attributable to the
gamification-based learning model. Quantitative data
were collected from the test scores and analyzed using
descriptive and inferential statistics, including gain
score comparisons and hypothesis testing through t-
tests or Z-tests [10]. In addition, qualitative data were
gathered through observation, reflective student
journals, and semi-structured interviews to capture
students’ perceptions, engagement levels, and
challenges encountered during the learning process.
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This dual approach enabled the researchers to not
only measure the effectiveness of the model but also
explore how and why it influenced student learning
behaviour [27].

By incorporating both the systematic design
process of ADDIE and empirical validation through
quasi-experimentation, the methodology ensured that
the gamification model was not only pedagogically
sound but also demonstrably effective in enhancing
21st-century skills in a real educational context [28].
Figure 1 illustrates the sequential representation of the
ADDIE development model used in this study.

Analysis

(]
where student needs in computational thinking and

case-handling were identified

2

Design
L}

involving the creation of gamified learning strategies using
Scratch

¥

Development

which focused on building learning modules and adaptive coding
challenges

&

Implementation

1
where the model was applied in a classroom setting with
experimental and control groups

\ 4

Evaluation

which included quantitative and qualitative assessments of
learning outcomes

Figure 1. Sequential representation of the ADDIE
development model

To assess students’ computational thinking (CT)
abilities in the context of adaptive gamified learning
using Scratch, a rubric was developed based on the
theoretical constructs proposed by [29]. This rubric
serves to evaluate key dimensions of CT, including
decomposition, pattern recognition, abstraction,
algorithm design, and optional debugging capabilities.
Each dimension is assessed using specific indicators
and scored on a scale from 1 to 4. The rubric was used
to assess student-created projects developed during
the implementation phase of the study.
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With score interpretation shown in Table 2 from
the lowest with needs improvement level to the
highest with excellent level. To assess students’
computational thinking abilities in the context of
adaptive gamified learning using Scratch, a rubric was
developed based on established theoretical constructs
[22].

Table 1. Rubric for assessing Computational Thinking (CT)

This rubric evaluates key dimensions of CT,
including  decomposition, pattern  recognition,
abstraction, algorithm design, and debugging
capability. Each dimension is assessed using specific
indicators and scored on a scale from 1 to 4,
representing increasing levels of mastery. The detailed
rubric used to evaluate these dimensions is presented
in Table 1.

Dimension Indicator Scoring Criteria Score Range
4 - ldentifies all relevant sub-problems clearly
Decomposition Ability to break down complex |3 - Identifies most but with minor issues 1-a
P problems into manageable parts|2 - Limited breakdown with unclear components
1 - No attempt or irrelevant
4 - Accurately identifies patterns across multiple
- Lo scenarios
Pattern Recognition Ability to identify similarities 3 - Identifies some patterns 1-4
or patterns across problems . .
2 - Vague or partially incorrect patterns
1 - Fails to recognize patterns
- 4 - Clearly abstracts essential elements
Ability to remove unnecessary -
. . -7 |3 - Some abstraction present
Abstraction details and focus on essential : . . 1-4
. . 2 - Redundant/irrelevant info remains
information .
1 - No abstraction
4 - Logical, efficient algorithm with clear steps
Algorithm Design Ability _to de3|g_n step-by-step (3 - Mostly correct: some'steps unclear 1-4
solution (logic and flow) (2 - Incomplete or inefficient steps
1 - lllogical or missing steps
4 - Detects and resolves all issues
Debugging Ability to identify and correct |3 - Detects most errors, minor issues remain 1-4
(optional) errors in code or logic 2 - Partial identification, major issues remain
1 - No attempt to debug or ineffective

To interpret students’ overall computational
thinking performance, the total scores obtained from
the rubric were categorized into four performance
levels. The interpretation of these score ranges is
presented in Table 2, ranging from Needs
Improvement as the lowest level to Excellent as the
highest level.

Table 2. Score interpretation

Score Range CT Level
17-20 Excellent
13-16 Good
9-12 Fair

<8 Needs Improvement

To evaluate students’ competencies in addressing
real-world challenges through coding activities, a
specialized rubric was developed to assess their real-
world case-handling skills. In the context of
informatics education, real-world problem-solving is
not limited to writing functional code;
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it also involves the ability to interpret authentic
problems, design feasible solutions, implement them
effectively using appropriate tools such as Scratch,
and critically reflect on the outcomes.

The rubric designed in this study focuses on five
core dimensions: problem definition, solution
planning, implementation,  evaluation,  and
communication. These dimensions were selected
based on their relevance to 21st-century
competencies, including analytical thinking, design
thinking, technical implementation, reflective
evaluation, and communication skills. For instance,
defining a problem within a realistic context
demonstrates a student’s analytical thinking and
situational ~ awareness, while planning and
implementation reflect their technical and logical
reasoning abilities. Evaluation encourages reflective
practice and improvement, whereas communication
measures students’ ability to articulate the rationale
behind their solutions, which is essential in
collaborative and professional environments. The
complete rubric specification used to assess these
competencies is presented in Table 3.
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Table 3. Rubric and specification for real-world case-handling

Dimension Indicator Scoring Criteria Score Range
Ability to define and 4 - Clegrly defines the proplem _Wlth reIev_ant real-world context
. . 3 - Defines the problem with minor gaps in context
Problem Definition| contextualize real- ) - 1-4
world problems 2 - Vaguely de_flnes the problem with unclear context
1 - Fails to define the problem or lacks context
4 - Presents a logical and feasible plan aligned with problem
Ability to plana [needs
Solution Planning |logical and practical (3 - Plan is mostly logical with minor practical gaps 1-4
solution 2 - Plan lacks feasibility or clarity
1 - No plan or illogical steps presented
Effectivenessin |4 - Implements solution effectively with functional code
. applying the 3 - Implementation is mostly functional with minor errors
Implementation . - . . . 1-4
solution through |2 - Partially functional or buggy implementation
coding 1 - Ineffective or no implementation
Ability to assess and 4 - Acc_urately ev_aluat(_es sol_utlon impact and limitations
. . 7|3 - Basic evaluation with minor analysis
Evaluation reflect on solution S - 1-4
. 2 - Limited or surface-level evaluation
effectiveness ; ; .
1 - No evaluation or inaccurate reflection
- . |4 - Communicates solution and rationale clearly and logically
Clarity in presenting g . .
L . 3 - Mostly clear explanation with minor gaps
Communication the solution and . c 1-4
. 2 - Unclear or incomplete communication
rationale ; .
1 - Poor or no explanation provided

The rubric employs a four-point scale (1-4) for
each indicator, enabling both formative and
summative evaluation of students’ performance. This
instrument was applied during the implementation
phase of the adaptive gamification model to measure
how effectively students were able to transfer
computational thinking skills into practical solutions
within gamified coding scenarios. Furthermore, the
rubric provides valuable insights for instructors to
identify areas where instructional strategies can be
refined in order to better simulate the complex
demands of real-world problem-solving.

3. Results
The experimental results revealed a significant

difference in learning outcomes between the
experimental and control groups.

Fre-Test

100

80

60

Mean Score

20

Experimental

In the experimental group, which implemented the
adaptive gamification model based on Scratch, the
mean score increased from 65.3 (SD = 7.1) in the pre-
test to 84.7 (SD = 6.8) in the post-test. In contrast, the
control group demonstrated a more modest
improvement, with scores increasing from 64.9 (SD =
6.9) to 72.5 (SD = 7.5).

This substantial improvement in the experimental
group indicates the effectiveness of the gamification-
based learning approach in enhancing both
computational thinking and real-world case-handling
skills. The gamified learning model not only increased
student engagement but also encouraged deeper
cognitive processing, as reflected in students’
improved ability to abstract problems, design
algorithms, and implement coding solutions.

The comparison of pre-test and post-test results
between the two groups is illustrated in Figure 2.

® Post-Test

Group Control

Figure 2. Pre and post test result
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To further evaluate the effectiveness of the
adaptive gamification model beyond mean score
improvements, a Chi-Square Test of Independence
was conducted to examine the association between the
instructional approach (gamified vs. conventional)
and students’ achievement status. In this study, a
passing score was defined as 70 or above. The
contingency distribution of student achievement is
presented in Table 4.

Table 4. Contingency table of student achievement

Group Pass (>70) |Not Pass (<70)| Total
Experimental 27 3 30
Control 18 12 30
Total 45 15 60

To verify the statistical assumptions of the Chi-
Square test, the expected frequencies under the null
hypothesis were calculated and are shown in Table 5.

Table 5. Expected frequencies under the null hypothesis

Group Pass Not Pass
Experimental 22.5 7.5
Control 225 75

The results of the Chi-Square test are summarized
as follows:

e Chi-Square Value (?): 5.69
o Degrees of Freedom (df): 1
e p-value: 0.017

e Significance Level (a): 0.05

Since the calculated p-value (0.017) is lower than
the significance level of 0.05, the null hypothesis is
rejected. This indicates a statistically significant
association between the instructional model and
students’ performance categories. In other words,
students who participated in the adaptive gamification
learning model had significantly higher probabilities
of achieving the passing score compared to those who
learned through conventional instructional methods.

This categorical finding strengthens the earlier
analysis based on mean score improvements,
confirming that gamification not only improves
average academic performance but also increases the
proportion of students who achieve satisfactory
learning outcomes.

These findings are consistent with previous
research reported in [30], which demonstrated that
gamified learning environments can enhance student
motivation and cognitive engagement, particularly
when integrated with visual programming platforms
such as Scratch.
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However, the present study extends these findings
by applying gamification in a higher education context
involving real-world problem scenarios, thereby
improving the external validity of the results [31].

Furthermore, the higher number of failing students
in the control group may indicate reduced engagement
when conventional instructional methods are used to
teach complex concepts such as algorithmic logic and
problem decomposition. In contrast, the adaptive
gamification model enabled students to connect
theoretical learning objectives with authentic
problem-solving tasks, leading to improved
engagement, deeper cognitive processing, and more
consistent learning outcomes.

4. Conclusion

This study demonstrates that the adaptive
gamification model implemented using Scratch is
effective in enhancing students’ computational
thinking and real-world problem-handling skills in
higher education. The findings show substantial
improvements in students’ ability to decompose
problems, design algorithms, apply abstraction, and
translate computational concepts into practical and
meaningful solutions. These improvements were
evident not only in the increase of post-test scores but
also in the higher proportion of students achieving the
expected performance threshold when compared to
conventional instructional approaches.

The adaptive gamification approach provides
several important benefits. First, it supports deeper
cognitive engagement by aligning learning challenges
with students’ competency levels, allowing learners to
progress at an appropriate pace while maintaining
motivation. Second, the integration of real-world
scenarios into gamified coding activities enables
students to connect abstract programming concepts
with authentic problem contexts, which is essential for
developing transferable skills relevant to professional
practice. Third, the use of a visual programming
environment facilitates learning by reducing syntactic
complexity while still fostering logical reasoning and
structured problem-solving.

Despite these strengths, this study has several
limitations. The implementation was conducted within
a single course context and involved a relatively
limited sample size, which may affect the
generalizability of the findings. In addition, the
duration of the intervention focused on short-term
learning outcomes, and long-term retention or transfer
of skills was not examined. These limitations suggest
opportunities for further refinement and broader
validation of the proposed model.
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Future research is recommended to explore the
scalability of adaptive gamification across different
disciplines, educational levels, and programming
platforms. Longitudinal studies could investigate the
sustainability of learning gains and the impact of
gamified instruction on long-term problem-solving
performance and career readiness. Further studies may
also examine how adaptive mechanisms can be
enhanced through data-driven personalization to better
support diverse learner profiles. Overall, this study
contributes to the advancement of innovative
instructional strategies that support the development of
essential 21st-century skills in higher education.
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