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Abstract: Drill-and-practice educational games combine repetitive practice with gamification through
rewards, achievements, challenges, feedback, and progress tracking to support gradual skill
development. In this study, the drill-and-practice element focuses on repeated, structured practice of
basic programming exercises with immediate corrective feedback and multiple attempts until mastery.
This study examined the effect of a drill-and-practice educational game on basic programming skills
and programming self-efficacy among senior high school students. This quasi-experimental study
used a Non-Equivalent Control Group Design. The sample comprised 179 tenth-grade students from
six intact classes, selected via cluster random sampling. Three classes constituted the control group,
with 89 students, and three classes constituted the experimental group, with 90 students. Students
completed a basic programming pretest and posttest, as well as a self-efficacy questionnaire. Data
were analyzed using descriptive statistics and MANCOVA with pretest scores as covariates.
Descriptively, students’ overall basic programming scores increased from a mean of 38.70 to 70.49 in
the posttest, while self-efficacy increased from a mean of 59.82 to 74.05. The multivariate test
showed a significant group effect (Pillai’s Trace = 0.528; F = 97.442; p < 0.001; Partial ¢> = 0.528).
Between-subjects tests indicated significant improvements in basic programming skills (F=115.102;
p < 0.001; Partial ¢ = 0.397) and self-efficacy (F = 86.697; p < 0.001; Partial ¢> = 0.331), with the
experimental group achieving higher posttest outcomes than the control group. A drill-and-practice
educational game can enhance both cognitive outcomes in basic programming and affective outcomes
in self-efficacy, and can be considered an interactive learning alternative for programming topics at
the high school level. Future studies should add performance-based coding tasks and broader samples
to validate and extend these results.
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B INTRODUCTION industries (World Economic Forum, 2025).

Programming has become an important skill
because it is a core competence in the Industrial
Revolution 4.0 and Society 5.0, where rapid
technological change is expected to reshape jobs
and skill demands. The Future of Jobs Report
2025 identifies programming as a prominent skill
that differentiates growing from declining jobs,
suggesting that programming competence
underpins emerging technology domains across

Therefore, programming competence can be
regarded as a foundational skill for developing
and applying digital technologies, including Al-
driven systems, data-intensive applications, and
cybersecurity solutions. Research also indicates
that programming skills are increasingly valued
across sectors because they support efficiency
and innovation in areas such as business
management and process automation (Ehlinger
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& Stephany, 2024), which aligns with broader
evidence on digital transformation (Montandon
etal.,2021). For this reason, programming skills
are not only technical abilities for writing code
but also foundational competencies that support
innovation and future digital study and career
pathways.

In Indonesia, the supply of skilled digital
workers, particularly in programming-related
roles, remains limited relative to projected national
needs. Government analyses estimate that
Indonesia will need approximately 9 million digital
talent by 2030, equivalent to roughly 600,000
additional advanced digital workers per year,
highlighting a sizable gap between demand and
current supply (SMERU Research Institute,
2022). One example of persistent hiring difficulty
is in software and application development roles,
which require specific competencies, including
programming skills (World Economic Forum,
2025). In addition to the quantity gap, the shortage
is also associated with a competence-alignment
problem between graduates’ skills and industry
needs, which helps explain why technical
vacancies remain difficult to fill (Gayatri et al.,
2023). Therefore, strengthening foundational
programming at the senior high school level is
important for expanding the talent pipeline earlier
and cultivating students’ interest and confidence,
thereby preparing them to pursue advanced
programming and related career pathways.

At the secondary level, students still face
various obstacles in learning programming, such
as difficulty understanding abstract concepts,
algorithmic logic, and complex programming
language syntax. Limited resources and facilities
can also constrain optimal learning processes (Li,
2023). Unengaging learning methods may lead
to low student motivation, further exacerbating
these challenges (Napalitet al., 2023). Therefore,
selecting appropriate learning methods and media
can positively affect students’ learning outcomes
(Etengetal., 2022).

Beyond improving cognitive outcomes, the
choice of learning methods and media can also
shape students’ affective readiness, particularly
their confidence to engage with programming
tasks, making self-efficacy a key factor to
consider in secondary-level programming
instruction. Self-efficacyis an individual’s belief
in their ability to achieve goals (Schunk &
DiBenedetto, 2021). In the context of education,
particularly programming learning, self-efficacy
plays a crucial role because it influences how
students understand concepts, complete coding
assignments, and address errors or bugs that arise
during the learning process. Students with high
self-efficacy in programming tend to be more
confident in trying new algorithms, more persistent
in the face of errors, and able to explore various
solutions independently (Abdunabi et al., 2024;
Q. Lietal., 2025). Conversely, students with low
self-efficacy often feel doubtful, give up quickly
when faced with coding errors, and tend to rely
on others for help (Tseng et al., 2024).

Low self-efficacy in programming learning
can be influenced by unsuccessful prior
experiences, monotonous learning methods,
limited support from instructors or peers, and the
complexity of programming logic and syntax
(Kovari & Katona, 2023; Tsai, 2019). These
conditions may reduce learning motivation and
affect achievement in informatics. Therefore, self-
efficacy is important in program design for both
understanding the factors that shape students’
confidence and designing teaching strategies that
support persistence and continued learning (Liu
etal.,2023; MIHCI Tiirker & Pala, 2020; Smit
etal., 2025).

In response to projected demand for the
digital workforce, the government has expanded
programming training from basic to advanced
levels through initiatives such as the Digital Talent
Scholarship, which has scaled to tens of
thousands of participants annually and is being
expanded to increase reach in the coming years
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(Chen et al., 2023). However, short-course
training alone is unlikely to be sufficient if students
do not develop strong foundations and sustained
interest in programming before entering higher
education or the labor market. Therefore,
strengthening programming instruction at the
secondary school level is a relevant upstream
effort to build readiness and continuity in students’
learning pathways. This direction is supported by
K—12 programming education research showing
that structured programming learning in schools
contributes to the development of students’
programming ability and related competencies,
underscoring the value of strengthening
foundations earlier (Sun et al., 2022).
Integrating educational games with a drill-
and-practice approach can strengthen
programming learning by combining structured
repetition with an engaging practice environment.
Drill and practice are effective because it
emphasizes repeated, systematic, and structured
exercises that support gradual mastery (Sudirman
& Zain, 2023). Prior studies indicate that
repeated practice can improve students’
understanding (Lie et al., 2023), develop logical
reasoning (Cheng et al., 2023), and increase
learning enthusiasm (Elfeky & Elbyaly, 2023). In
this study, the proposed integration is not
presented as a new concept of gamification, but
rather as a structured drill-and-practice cycle
implemented within a programming educational
game that emphasizes repeated attempts,
immediate feedback, and progressively difficult
tasks for basic programming learning.
Educational games can support
programming learning by providing interactive and
contextual activities that help students apply
concepts through simulations and challenges (Pan
etal.,2024). Game elements such as challenges,
points, and level progression can enhance
motivation and reinforce technical understanding
(Maryono et al., 2022; Videnovik et al., 2023;
Zhan et al., 2022). As students engage in

practice-oriented tasks, their programming
performance can improve alongside the
development of computational thinking and
problem-solving (Giannakoulas & Xinogalos,
2024). When educational games are designed
around repeated practice toward clear goals, they
can encourage sustained engagement and gradual
improvement in programming-related procedures
(Cordova-Esparza et al., 2024).

Beyond cognitive outcomes, a drill-and-
practice approach is also relevant for
strengthening programming self-efficacy because
repeated successful attempts, corrective
feedback, and gradual task progression can
create mastery-oriented learning experiences that
support students’ confidence in handling
programming tasks. Programming self-efficacy is
important because it is associated with students’
confidence, persistence, and independence when
facing programming challenges (Abdunabi et al.,
2024; Q. Lietal., 2025; Tseng et al., 2024). In
other words, improving programming
performance without supporting students’
confidence may not be sufficient for sustained
learning, especially when learners frequently
encounter errors and debugging demands during
early programming practice.

Despite the importance of programming
instruction in digital-era curricula, evidence
evaluating the co-occurrence of basic
programming skills and programming self-efficacy
at the secondary school level remains limited.
Recent syntheses show that studies on game-
based and gamified programming predominantly
assess cognitive outcomes, such as programming
performance and engagement, whereas self-
efficacy is less consistently examined as a primary
affective outcome (Videnovik et al., 2023; Zhan
etal., 2022; Gundersen & Lampropoulos, 2025).
Therefore, this study strengthens its contribution
by using a drill-and-practice educational game
as the learning intervention and by examining two
outcomes simultaneously, namely basic
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programming skills as a cognitive outcome and
programming self-efficacy as an affective
outcome, within a quasi-experimental classroom
setting.

Moreover, drill-and-practice or tutor-like
game approaches for programming have been
reported more often in higher education settings
than in secondary education. This pattern is
reflected in evidence syntheses, which show that
university-level implementations predominate
among game-based learning studies in computer
science (Videnovik et al., 2023). This trend is
also illustrated by empirical studies in higher
education that embed repeated practice,
immediate feedback, and progress indicators in
programming learning games or tutors (Grey &
Gordon, 2023; Hainey & Baxter, 2024). This
makes it important to examine a comparable
approach at the high school level while ensuring
accessibility that fits local conditions. In Indonesia,
mobile access is more prevalent than computer
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ownership: a large share of the population owns
mobile phones, whereas household computer
ownership remains relatively low (Badan Pusat
Statistik, 2024). Therefore, the web-based drill-
and-practice educational game used in this study
was selected because it can be accessed across
devices and because its interaction design
supports iterative practice with timely feedback,
which is a benefit frequently highlighted in K—12
serious game research when game design
decisions align with learners’ needs (Gundersen
& Lampropoulos, 2025). In addition, storing
learners’ activity and progress records in a
database enables continuity of practice. It
supports teacher monitoring through learning
analytics dashboards, which are commonly used
to visualize students’ progress and learning
behaviors for pedagogical decision-making
(Masiello et al., 2024; Rahimi & Shute, 2021).
The educational game interface used in this study
is shown in Figure 1.
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Figure 1. Interface of the drill-and-practice educational game for basic programming

Given the growing need to strengthen
programming foundations in secondary education

structured practice, this study investigates the
effectiveness of a drill-and-practice educational

and the potential of educational games to support ~ game in senior high school programming
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instruction. Unlike studies that focus only on
cognitive achievement or examine affective
factors separately, this study evaluates basic
programming skills and programming self-efficacy
as complementary outcomes. To clarify the
contribution and guide the analysis, the study
formulates the following research questions:

RQ1. Is there a simultaneous difference in basic
programming skills and programming self-
efficacy between students who learn using
the drill-and-practice educational game and
those who learn without it?

RQ2. Is there a difference in basic programming
skills between students who learn using the
drill-and-practice educational game and
those who learn without it?

RQ3. Is there a difference in programming self-
efficacy between students who learn using
the drill-and-practice educational game and
those who learn without it?

® METHOD
Participant

The study was conducted in Pontianak City,
Indonesia, in collaboration with three private
senior high schools, namely SMA Islam Bawari
Pontianak, SMA Mujahidin Pontianak, and SMA
Bina Utama Pontianak. These schools were
selected because they reflect the characteristics
of private education in the city and have already
implemented Informatics courses for tenth-grade
students, particularly in basic programming. The
research population comprised all tenth-grade
students at the three participating schools,
representing 13 classes and a total of 376
students. The sample was determined using cluster
random sampling, in which intact classes were
randomly selected as the sampling unit. Six tenth-
grade classes comprising 179 students were
selected as the research sample. Three classes,
each comprising 89 students, were assigned to
the control group, and three classes, each

comprising 90 students, were assigned to the
experimental group. Each participating school
contributed one control class and one
experimental class to ensure proportional
distribution across schools.

Research Design and Procedure

This study employed a quasi-experimental
design, namely one that involves an experimental
group and a control group without full random
assignment at the individual level, yet still allows
examination of cause-and-effect relationships
(Capili & Anastasi, 2024; Miller et al., 2020).
The specific design was a non-equivalent control
group design. The experimental group received
instruction supported by a drill-and-practice
educational game. In contrast, the control group
received regular instruction using instructional
media commonly used by teachers in the
participating schools, namely e-book and
presentation-based materials. The purpose of
selecting a regular-instruction control condition
was to examine whether the drill-and-practice
educational game could serve as an alternative
to conventional classroom media.

The learning content was delivered in the
Informatics course for tenth-grade students and
covered four topics: the definition of programming
algorithms; input/output and flowcharts; branching
algorithms; and iteration (looping) algorithms. The
study was conducted over five weeks and
consisted of three stages: pre-test, treatment, and
post-test. The following research procedures
were carried out:

To reduce the possibility that group
differences were driven primarily by novelty or
interactivity rather than the intended instructional
approach, instructional conditions were controlled
as follows. In each school, the experimental and
control classes were taught by the same teacher.
Both groups received the same learning
objectives, content coverage, time allocation, and
equivalent assignments and practice tasks.
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Table 1. Research procedures

. Experimental Grou Control Grou
Phase Time p(90 students) b (89 students)p

Pre-test Week 1 Measurement of Self-Efficacy, Measurement of Self-Efficacy,
followed by Basic Programming followed by Basic Programming
Skills Test Skills Test

Treatment Week 2—4  Using Drill & Practice Without Drill & Practice
Educational Game Educational Game

Post-test ~ Week 5 Measurement of Self-Efficacy, Measurement of Self-Efficacy,

followed by Basic Programming

Skills Test

followed by Basic Programming
Skills Test

Therefore, the planned difference between groups
was primarily the learning medium used during
instruction.

Instruments

This study employed two data-collection
techniques: a test and a questionnaire. The Basic
Programming Skills Test consisted of 25 pre-test
and 25 post-test questions validated by the
teachers involved in the study. The questions
covered the understanding of programming
algorithms, input-output-flowcharts, branching
algorithms, and looping algorithms, all of which
align with the core competencies of the 10th-
grade Informatics subject. The questionnaire
instrument was a self-efficacy questionnaire
structured on a Likert scale. Indicators measured
through the questionnaire included understanding
basic programming concepts, algorithm design,
writing basic syntax, using control structures,
error correction, evaluating program logic, and
perseverance in completing programming tasks
(Karalar, 2023; Tsai etal., 2018). Initially, the
questionnaire comprised 28 items; after a trial,
25 were deemed valid. The reliability test yielded
a coefficient of 0.889, classified as very high; the
instrument was deemed suitable for research use.

This study used two instruments: a Basic
Programming Skills Test and a Programming Self-
Efficacy Questionnaire.

Basic Programming Skills Test

Basic programming skills in this study were
assessed using a multiple-choice test and a
performance-based test. The multiple-choice test
was administered as a pre-test and a post-test,
with twenty-five items in each form. The pre-test
and post-test were designed as parallel forms with
comparable content coverage. The items
measured students’ mastery of tenth-grade
informatics content, including the definition of
programming algorithms, input/output and
flowcharts, branching algorithms, and iteration or
looping algorithms. Each correct answer was
scored one, and each incorrect answer was
scored zero, resulting in a total score ranging from
zero to twenty-five. In addition, at the post-test,
students completed a performance-based coding
task comprising simple programming problems
focused on input—output, branching, and looping.
Students’ code was scored using a concise rubric
emphasizing functional correctness and basic
logic, and the resulting practicum score was used
as an additional measure of basic programming
skills.

Content validity was evaluated through
expert judgment by three Informatics teachers
involved in the study. They reviewed the
items for relevance to the curriculum,
clarity, and alignment with the targeted
competencies.
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Table 2. Blueprint of the basic programming skills test

Number of

Topic Indicator Operational Meaning Multiple- Performance-
. Based Test
Choice Tests
Definition of Understanding basic definitions 6 -
programming and foundational concepts in
algorithms programming and algorithms, such
as algorithm, compiler, variables,
data types, and basic operators
Input, output, and  Understanding standard input and 6 Read and write
flowcharts output in C plus plus and subject score
interpreting flowchart symbols and
outputs
Branching Applying conditional reasoning 6 Determine the grade
algorithms using relational and logical from a score
expressions and conditional
structures to determine program
outputs
Iteration or Applying repetition logic using for, 7 Input “N” students’
looping while, do while, and nested loops, scores and compute
algorithms and interpreting loop outputs the class average

Programming Self-Efficacy Questionnaire

The questionnaire instrument was a self-
efficacy questionnaire structured on a Likert scale.
The questionnaire indicators were derived from
studies on computer programming self-efficacy
for computer literacy education consist of
understanding basic programming concepts,
algorithm design, writing basic syntax, using
control structures, error correction, evaluating
program logic, and perseverance in completing
programming tasks (Karalar, 2023; Tsaietal.,
2018), and were operationalized into statements
relevant to basic C++ programming for
tenth-grade students. The initial questionnaire
consisted of twenty-eight items rated
from one, strongly disagree, to five, strongly
agree.

Content validity was examined through
expert judgment by three lecturers from the
Information Technology Education program at
Universitas PGRI Pontianak, who reviewed item
relevance, clarity, and alignment with the intended
indicators. Empirical item validity was tested using
the Pearson product-moment correlation in a pilot
study involving thirty-five tenth-grade students.
Using a two-tailed significance level of 0.05, the
critical correlation value was approximately
0.334. Items with item-total correlation values
exceeding this value were retained. Based on the
pilot results, items 6, 26, and 27 were removed,
yielding 25 valid items. The reliability of the final
questionnaire was evaluated using Cronbach’s
alpha, yielding a coefficient of 0.889, indicating
very high internal consistency.

Table 3. Programming self-efficacy questionnaire indicators and items

Indicator

Meaning of Indicator

Item Number
After Tryout

Item Number
Before Tryout

Understanding
basic concepts

Confidence in using basic
programming elements such as data

1,2,3,4 1,2,3,4

types, variables, arithmetic
operators, and simple input output

commands
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Algorithm design

Confidence in planning solution

5,6,7,8 57,8

steps before coding, including
transforming problems into

executable steps, writing
pseudocode, and drawing
flowcharts

Basic C++ coding

Confidence in writing basic C++

9,10,11, 12 9,10,11, 12

code, implementing pseudocode
into code, using correct syntax, and
compiling and running a simple

program

Use of control

structures
sequence, branching, and
solve problems

Confidence in selecting and
applying control structures such as

13,14,15,16 13,14, 15,16

looping to

Debugging

Confidence in identifying and

17,18,19,20 17,18, 19, 20

fixing syntax errors and logical
errors using compiler messages and

tracing execution flow

Evaluating program
logic

Confidence in understanding and
evaluating logical expressions,

21,22,23,24  21,22,23,24

combined conditions, and operator
precedence in program conditions

Persistence

Confidence in persisting when

25,26, 27,28 25,28

facing difficulties, trying alternative
strategies, and allocating additional
time to complete programming

tasks

Data Analysis

After data collection, descriptive statistics
and Multivariate Analysis of Covariance
(MANCOVA) were conducted. All statistical
analyses were performed using IBM SPSS
Statistics. Descriptive statistics were used to
characterize the distribution of data, including the
mean, standard deviation, and general trends in
pre-test and post-test results across both groups.
MANCOVA was chosen because this study had
two dependent variables (basic programming
skills and self-efficacy) and sought to control for
initial differences among students by including
pretest scores as a covariate. The multivariate
approach allows simultaneous testing of the
treatment effect across both outcomes and
reduces the risk of errors that arise when testing
them separately (Ate® et al., 2019). In addition,

MANCOVA provides information on the
combined effects across dependent variables,
making it more suitable for evaluating the effects
of using the Drill and Practice Educational Game
on cognitive and affective dimensions
simultaneously (Landler et al., 2022). Before
running MANCOVA, a series of assumption tests
were conducted: (1) multivariate normality was
checked using Mahalanobis Distance; (2) linearity
to ensure a linear relationship in each group; (3)
slope homogeneity is used to ensure that the
relationship between the covariate and the
dependent variable is linear and consistent across
all treatment groups; (4) Box’s M is used to test
the similarity of the covariance matrix between
groups; and (5) Levene’s test is used to test the
homogeneity of error variance in each dependent
variable.
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B RESULTAND DISCUSSION
Descriptive Results of Basic Programming
Skills and Self-Efficacy

Descriptive statistics were used to provide
an overview of students’ basic programming skills
and programming self-efficacy before and after
the instructional period. The overall descriptive
results are presented in Table 4.

Table 4 shows that the mean basic
programming score increased from 38.70 on the
pre-test to 70.49 on the post-test, indicating an
improvement of 31.79 points. The mean self-
efficacy score increased from 59.82 on the pre-
test to 74.05 on the post-test, indicating an
improvement of 14.23 points. The minimum and
maximum scores also increased for both variables.

Table 4. Overall descriptive statistics

Variable N Mean  Median SD Variance  Min Max
Basic Programming (Pre) 179  38.70 36.00 15.82 250.53 12.00  80.00
Self-Efficacy (Pre) 179  59.82 60.00 8.29 68.75 28.00  81.60
Basic Programming (Post) 179  70.49 68.00 14.65 214.90 32.00 100.00
Self-Efficacy (Post) 179 74.05 74.40 9.62 92.45 44.00  100.00

The minimum basic programming score increased
from 12 to 32, and the minimum self-efficacy
score increased from 28 to 44. In contrast, the
maximum basic programming score increased
from 80 to 100, and the maximum self-efficacy
score increased from 81.60 to 100.

The improvement pattern in Table 4
suggests that Informatics instruction implemented
during the study period was generally associated
with increased basic programming skills. Low
initial performance is commonly observed among
novice learners who still adapting to programming
logic, algorithms, and syntax. Such difficulties may
be influenced by limited prior experience,
challenges in understanding logic and algorithms,
the continued use of conventional instructional
approaches, and limited learning resources that
support gradual practice (Cheah, 2020).

Table 4 also shows an overall increase in
self-efficacy. This pattern is important because
programming learning often requires students to

persist through trial-and-error, interpret compiler
messages, and continue working despite frequent
mistakes, especially at the novice level. Higher
self-efficacy is closely related to students’
persistence in the face of errors, their willingness
to try alternative strategies, and their readiness
to learn more independently rather than relying
solely on teachers or peers. Students’ confidence
tends to develop when they experience tangible
progress and perceive that they can complete
increasingly challenging learing tasks. Therefore,
the observed increase in self-efficacy suggests
that, alongside cognitive improvement, students’
confidence to engage with programming tasks
may also have strengthened during the instructional
period (Tsengetal., 2024).

To provide a more detailed picture by
treatment condition, descriptive statistics were
also examined for the control and experimental
groups. The results by group are presented in
Table 5.

Table 5. Descriptive statistics by group

Variabel Groups N Mean Median SD Variance  Min Max
Basic Programming _ Control 89 38.16 36.00 17.47 305.11 12.00  80.00
(Pre) Experimental 90 39.24 36.00 14.10 198.79 12.00  80.00
Basic Programming  Control 89  64.45 64.00 13.52 182.71 32.00 96.00
(Post) Experimental 90 7647 78.00 13.29 176.54 52.00  100.00
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Self-Efficacy (Pre) Control 89 59.09 60.00 8.19 67.145 37.60  76.80
Experimental 90 60.54 60.40 8.36 70.05 28.00 81.60
Self-Efficacy (Post) _Control 89 69.90 68.80 7.96 63.42 48.00  92.80
Experimental 90 78.15 78.40 9.37 87.94 44.00 100.00

Table 5 indicates that baseline scores were
relatively similar across groups. The mean pre-
test score for basic programming was 38.16 in
the control group and 39.24 in the experimental
group. The mean pre-test self-efficacy score was
59.09 in the control group and 60.54 in the
experimental group. Following the instruction,
both groups improved; however, the experimental
group showed higher post-test means for both
variables. The mean post-test basic programming
score was 76.47 in the experimental group and
64.45 in the control group. The mean post-test
self-efficacy score was 78.15 in the experimental
group and 69.90 in the control group.

For basic programming skills, the higher
post-test mean in the experimental group suggests
that learning with the drill-and-practice
educational game may provide additional benefits
compared with conventional media such as e-
books and presentation materials. In this study,
the educational game was designed to support
step-by-step practice through structured tasks,
to provide immediate feedback on students’
responses, and to allow repeated attempts until
learners achieved mastery of each topic. This
pattern is consistent with the core features of drill-
and-practice learning, which emphasizes
systematic repetition to strengthen procedural
skills and improve accuracy in applying rules or
steps (Elfeky & Elbyaly, 2023).

From a game-based learning perspective,
higher outcomes in the experimental group may
also reflect greater practice intensity and student
engagement when activities are delivered as
progressively challenging tasks. Prior studies have
reported that gamification and educational games
can improve programming-related skills by
encouraging students to practice more actively

and persist in completing tasks (Bozan &
Ta’lidere, 2024). However, evidence also
indicates that the effectiveness of gamification
varies across contexts, depending on the
discipline, the design principles employed, the
duration of the gameful experience, and the
learning environment (Videnovik et al., 2023;
Zhan et al., 2022). Therefore, in this study,
students’ learning was supported not only by the
game’s interaction but also by teacher monitoring
of students’ practice progress. Practice and
activity records were used to help teachers identify
students who experienced difficulties with specific
topics and to provide targeted responses such
as concept reinforcement, problem-solving
guidance, or additional support when needed.

For self-efficacy, the experimental group
also showed a higher post-test mean than the
control group. Increased self-efficacy may occur
when repeated practice, feedback, and
opportunities to try again create more frequent
mastery experiences. When students perceive
clear progress, their confidence in handling
programming challenges may increase. This
pattern has been reported in studies indicating
that gamification and practice-oriented learning
experiences can support programming self-
efficacy and persistence in learning programming
(Chinchuaetal., 2022).

Nevertheless, evidence also suggests that
increased engagement does not always translate
into higher self-efficacy. A study using a specific
gamification element, such as badges, reported
improved engagement but no significant
differences in learning performance or self-efficacy
compared with a control condition (Ortiz-Rojas
etal., 2025). Such mixed findings indicate that
self-efficacy outcomes depend strongly on



Lestari et al., Enhancing High School Students’ Basic Programming Skills...

implementation quality and the alignment between
game design and learning objectives (Aljamaan
etal.,2025).

Although the descriptive results indicate
differences between students who learned with
the drill-and-practice educational game and those
who learned with conventional media, further
analysis is required to determine whether these
differences are statistically significant after
controlling for students’ initial conditions.
Therefore, the next section presents inferential
analyses to provide a stronger answer to the
research question.

Differences in Basic Programming Skills and
Self-Efficacy between the Experimental and
Control Groups

This section examines whether there were
simultaneous differences in basic programming

skills and self-efficacy between students who
learned using the drill-and-practice educational
game and those who learned using conventional
media, such as e-books and presentation
materials. The analysis employed Multivariate
Analysis of Covariance, namely MANCOVA,
with two dependent variables, basic programming
skills and self-efficacy. Pre-test scores in basic
programming skills and self-efficacy were
included as covariates to control for students’
initial conditions, thereby allowing more
meaningful interpretation of post-test comparisons
between groups. Before conducting
MANCOVA, a series of prerequisite tests was
carried out, and the results indicated that the
assumptions of multivariate normality, linearity,
homogeneity of regression slopes, equality of
covariance matrices, and homogeneity of
variances were met.

Table 6. Multivariate MANCO VA results

Effect l,??:;: Sig. Pg;tlizlrf;a Conclusion
Programming Pre-test  0.601  131.064 p <.001 0.601 Significant
Self-efficacy Pre-test 0.508 89.706 p<.001 0.508 Significant
Group 0.528 97442 p<.001 0.528 Significant

As shown in Table 6, the programming pre-
test had a significant multivariate effect on the
combined post-test outcomes, with Pillai’s Trace
0f0.601, F of 131.064, and p <.001. The partial
eta squared of 0.601 indicates a very strong
effect. The self-efficacy pre-test also had a
significant multivariate effect, with Pillai’s Trace
0f 0.508, F 0f 89.706, and p <.001, and a partial
eta squared of 0.508 indicating a strong effect.
After controlling for both covariates, the group
factor remained significant, with Pillai’s Trace of
0.528, F 0f97.442, and p <.001, and a partial
eta squared of 0.528, indicating that group
differences had a strong effect on the combined
outcomes.

The strong effect of the programming pre-
test indicates that students’ initial programming

skills were a significant determinant of their
outcomes. Higher initial performance suggests that
students entered the learning process with more
established conceptual and procedural
foundations, enabling them to process new
material more efficiently and correct errors more
effectively during practice. This pattern is
consistent with evidence that prior knowledge in
entry-level programming learning contributes to
meaningful variation in students’ performance,
supporting the need to control baseline
differences when evaluating treatment effects
(Smith, Hao, Jagodzinski, Liu, & Gupta, 2019).
In addition, improvements in basic programming
concepts and learners’ confidence often co-
develop during structured programming
instruction, suggesting that students who start with
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stronger foundations may also experience
smoother progression through learning activities
(Tsaietal.,2023).

The strong effect of the self-efficacy pre-
test suggests that students’ initial confidence was
related to their engagement in the programming
learning process, particularly in addressing errors,
logical impasses, and the need to try alternative
strategies. Students with higher self-efficacy tend
to persist longer, explore solutions more
confidently, and sustain effort across repeated
practice, thereby increasing their likelihood of
achieving better learning outcomes. This pattern
aligns with prior findings that programming self-
efficacy is associated with persistence and
learning strategies and plays an important role in
sustaining effort during programming learning (Q.
Li et al., 2025). Moreover, motivational
mechanisms common in gamified learning, such
as perceived autonomy, relatedness, and
enjoyment, can support sustained effort during
practice, which helps explain why initial
confidence can matter when students face
repeated trial-and-error in programming
tasks (Kaya & Ercag, 2023; Li et al.,
2024).

The group effect remained significant after
controlling for initial programming skills and self-
efficacy, indicating that the treatment condition
contributed meaningfully to the combined
outcomes. This finding supports the interpretation
that learning with the drill-and-practice

educational game provided added benefits
compared with conventional learning using e-
books and presentation media. From a cognitive
perspective, prior research indicates that games
and gamification in programming learning can
improve programming-related achievement by
encouraging active practice and persistence in
completing tasks (Alsuhaymi & Alotaibi, 2023;
Alharbi et al., 2024). From an affective
perspective, repeated practice accompanied by
immediate feedback and stepwise progression
can foster mastery experiences that strengthen
learners’ confidence, consistent with research
reporting that gamification-based learning
ecosystems can increase programming self-
efficacy (Hsiao et al., 2023).

Differences in Basic Programming SKkills
between the Experimental and Control
Groups

This section examines whether there were
differences in post-test basic programming skills
between students who learned using the drill-and-
practice educational game and students who
learned using conventional media in the form of
e-books and presentation materials after
controlling for students’ initial conditions. Follow-
up univariate analysis was conducted using the
Tests of Between-Subjects Effects from the
MANCOVA model, with the basic programming
pre-test and self-efficacy pre-test included as
covariates.

Table 7. Tests of between-subjects effects for basic programming skills

Source Dependent Variable F Sig. Partial Eta Squared
Programming Basic Programming Post-test ~ 258.124 p <.001 0.596
Pre-test
Self-efficacy  Basic Programming Post-test 10315 p=.002 0.056
Pre-test
Group Basic Programming Post-test 115.102 p<.001 0.397

As shown in Table 7, the group factor had
a statistically significant effect on post-test basic
programming skills, with an F of 115.102 and p
<.001. The partial eta squared of 0.397 indicates

that group differences had a strong effect on post-
test basic programming skills after controlling for
baseline conditions. In addition, the programming
pre-test had a significant and very strong effect
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on post-test scores. In contrast, the self-efficacy
pre-test also contributed significantly, but with a
smaller effect size. To clarify the direction of the
difference, the between-group comparison is
presented in Table 8.

The pairwise comparison shows that the
experimental group scored higher than the control
group on the basic programming post-test,
with a mean difference of 10.96 points (p
<.001).

Table 8. Pairwise comparisons for basic programming skills

. Grou Mean .
Dependent Variable p . Std. Error Sig.
Comparison  Difference
Basic Programming  Control vs -10.96 1.02 p <.001
Post-test Experimental
100,00 Groups
o o O Control
o QO Experimental
o o "~~~ Control
3 ™~ Experimental
o]
a Control: R? Linear = 0,793
& 80,00 ° Experimental: R? Linear = 0,670
S °
£
0
£
© [e]
&0
2 o]
o 60,00 9
2 o]
[
o o o
o]
o
40,00 o
(o]
o

20,00 40,00

60,00 80,00

Basic Programming (Pre)

Figure 2. Scatter plot of basic programming pre-test and post-test scores by group

Figure 2 shows a positive relationship
between pre-test and post-test scores in both
groups, indicating that students with higher
baseline scores tended to achieve higher post-
test scores. However, within similar ranges of pre-
test scores, the experimental group’s points tend
to appear at higher post-test levels than those of
the control group. This pattern supports the
inferential findings that learning with the drill-and-
practice educational game was associated with
higher basic programming outcomes than learning
with conventional media.

The higher basic programming outcomes in
the experimental group are plausible because the
drill-and-practice educational game encouraged
more active and repeated practice, allowing
students to engage more frequently with basic
programming concepts and procedures. In
programming instruction, performance gains are
often associated with sufficient and consistent
practice opportunities, particularly when practice
requires students to complete tasks, receive
feedback, and correct mistakes across repeated
cycles. Such iterative practice can strengthen
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procedural accuracy and consolidate foundational
understanding. Empirical evidence indicates that
gamification and educational games in
programming education can improve
programming achievement by increasing students’
engagement and persistence in practice activities
(Cuervo-Celyetal., 2022).

From a pedagogical perspective, the
effectiveness of structured and repetitive practice
environments can be explained by the theory of
deliberate practice, which posits that goal-
directed, structured engagement in specific tasks,
accompanied by informative feedback, leads to
gradual refinement of performance and stronger
procedural skills (Ericsson, 2008; Ericsson &
Harwell, 2019). In the context of basic
programming, deliberate practice helps learners
strengthen procedural fluency by reinforcing
correct command usage and logical sequencing
through continuous rehearsal. The game structure
in this study provided repeated opportunities to
complete tasks and clear success criteria, which
likely facilitated this process. The combination of
repeated practice, explicit feedback, and
structured, progressively challenging learning
activities likely supported gradual procedural
refinement by directing students’ cognitive focus
toward accuracy and logical sequencing rather
than superficial task completion.

Beyond increasing practice intensity,
educational games may also support
understanding through more contextual and
challenging activities. Stepwise challenges can
provide opportunities for learners to apply
concepts across a wider range of problem types,
helping them learn not only rules and definitions
but also when and how to apply procedures. This
gradual increase in task difficulty is consistent with
cognitive theories of skill acquisition, which
propose that learning is strengthened when
learners progress from simple to more complex

tasks while maintaining manageable cognitive
demands and opportunities for consolidation
(Krell et al., 2022; Ouwehand et al., 2025;
Sweller, 2011). Consistent with this view, prior
research reports that educational games can help
students grasp complex programming concepts
through interactive and meaningful learning
experiences (Villareale, States, & Villareale,
2020). Findings from game-based assessment
studies also suggest that practice embedded in
game environments can reinforce technical
competence by encouraging learners to rehearse
skills repeatedly toward clear goals (Gomez et
al., 2023).

Nevertheless, these findings should be
interpreted in light of the measurement approach.
Basic programming skills were assessed using a
multiple-choice test, which primarily reflects
introductory conceptual and procedural
understanding rather than students’ ability to write,
run, and debug executable programs in authentic
performance tasks. Therefore, conclusions about
practical programming competence should be
made cautiously, and future research could
strengthen the evidence by incorporating
performance-based coding and debugging
tasks.

Differences in Self-Efficacy between the
Experimental and Control Groups

This section examines whether there were
differences in post-test self-efficacy between
students who learned using the drill-and-practice
educational game and students who learned using
conventional media in the form of e-books and
presentation materials after controlling for
students’ initial conditions. Follow-up univariate
analysis was conducted using the Tests of
Between-Subjects Effects from the MANCOVA
model, with the basic programming pre-test and
self-efficacy pre-test included as covariates.
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Table 9. Tests of between-subjects effects for self-efficacy

Source Dependent Variable F Sig. Partial Eta Squared
Programming Pre-test Self-Efficacy Post-test  7.989  p=.005 0.044
Self-efficacy Pre-test  Self-Efficacy Post-test 172.487 p <.001 0.496
Group Self-Efficacy Post-test 86.697 p<.001 0.331

As shown in Table 9, the group factor had
a statistically significant effect on post-test self-
efficacy, with F of 86.697 and p <.001. The
partial eta squared of 0.331 indicates that group
differences had a strong effect on self-efficacy
after controlling for baseline conditions. In
addition, the pre-test self-efficacy had a
substantial effect on post-test self-efficacy. In

contrast, the programming pre-test also
contributed significantly but with a smaller effect
size. To clarify the direction of the difference, the
between-group comparison is presented in Table.

The pairwise comparison shows that the
experimental group scored higher than the control
group on the post-test self-efficacy, with a mean
difference of 8.84 points (p <.001).

Table 10. Pairwise comparisons for self-efficacy

Dependent Group Comparison Mean Std.

Variable P P Difference  Error
Self-Efficacy Control vs Experimental -8.84 0.95 p <.001
Post-test

100,00 Groups
O control
Experimental
~~~ Control
90,00 o - Experimental

80,00

70,00

Self-Efficacy Post)

60,00

50,00

40.00

Control: R? Linear = 0,597
Experimental: R2 Linear = 0,703

20,00 40,00

60,00 80,00

Self-Efficacy (Pre)

Figure 3. Scatter plot of self-efficacy pre-test and post-test scores by group

Figure 3 shows a positive relationship
between pre-test and post-test self-efficacy in
both groups, indicating that students with higher

baseline confidence tended to report higher post-
test confidence. However, within similar ranges
of pre-test self-efficacy, the experimental group’s
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points tend to appear at higher post-test levels
than those of the control group. This pattern
supports the inferential results, which show that

learning with the drill-and-practice educational
game was associated with greater gains in self-
efficacy than learning with conventional media.

Table 11. Summary of game log on level completion and attempts

Level Completion Rate Mean SD
Level 1 100.00 % 1.90 0.82
Level 2 100.00 % 2.56 1.19
Level 3 96.67 % 3.55 1.10
Level 4 92.22 % 3.57 1.21

Table 11 presents behavioral data from the
game logs across four levels of the educational
game. Completion rates remained high across all
levels, with only a modest decline at higher levels,
indicating that most students were able to
progress despite increasing task demands. At the
same time, the mean number of attempts rose
with each level, suggesting that students engaged
in repeated practice before achieving successful
completion. Taken together, these patterns
indicate sustained effort and persistence, as
students continued to work through challenges
rather than disengaging when tasks became more
difficult.

The higher self-efficacy outcomes in the
experimental group are plausible because the
drill-and-practice educational game provided
repeated opportunities to practice, receive
feedback, and experience incremental success.
Such mastery-oriented experiences can
strengthen students’ confidence in handling
programming tasks, especially when early learning
often involves errors and trial-and-error. This
pattern is reflected in the present study, where
the game logs indicate that students consistently
completed the levels but required more attempts
on later levels, suggesting persistence and
repeated practice as task demands increased.
Studies on gamified and game-based
programming learning have reported
improvements in programming self-efficacy when
learners engage in structured challenges, receive
feedback, and perceive progress toward goals,

which supports the interpretation of the group
difference observed in this study (Chinchuaetal.,
2022).

In addition, the significant contribution of
the self-efficacy pre-test indicates that students’
initial confidence shaped how they benefited from
learning activities, which is consistent with
research showing that self-efficacy is closely
related to persistence, willingness to try alternative
strategies, and sustained effort when learning
programming (Schunk & DiBenedetto, 2021;
Abdunabi et al., 2024). From this perspective,
the educational game may have amplified positive
learning experiences by making practice more
engaging and by providing clearer indicators of
progress, thereby supporting students’ sense of
mastery during learning (Chen & Tu, 2021).
Nevertheless, self-efficacy in this study was
measured using a self-report questionnaire, so the
results reflect students’ perceived confidence
rather than directly observed behavior. To
address this limitation, the study triangulated the
questionnaire findings with behavioral evidence
from the game logs. Future research could extend
this approach by incorporating additional fine-
grained indicators, such as time-on-task and
help-seeking frequency, and by examining how
these behaviors relate to changes in self-efficacy
over time (Masiello et al., 2024).

B CONCLUSION
Research on the effects of drill-and-practice
educational games on basic programming skills



Lestari et al., Enhancing High School Students’ Basic Programming Skills...

and self-efficacy indicates that their
implementation is effective in improving these
outcomes among students in private high schools
in Pontianak. The results of univariate tests and
MANCOVA showed a significant difference
between the experimental and control groups,
with students who received the treatment
achieving higher scores. This improvement
occurred because drill-and-practice educational
games allow students to gradually practice skills,
receive direct feedback, correct errors
independently, and learn in an interactive,
contextual environment. Gamification elements
such as challenges, rewards, and goal
achievement also increase students’ intrinsic
motivation and self-confidence. The implications
of this study indicate that drill-and-practice
educational games can serve as a learning
medium for programming materials, particularly
algorithms, at the high school level. They may be
applied to other materials that require gradual
practice and concept reinforcement. Limitations
of the study include the use of multiple-choice
skills tests without performance assessments and
self-efficacy measures that remain based on self-
report. Further research is recommended to
develop more diverse skill measurement tools,
including direct practice tests, and to expand the
range of materials and educational levels to
improve representativeness.
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