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Abstract

Digital systems courses can be constrained by from low student engagement and limited opportunities
hands-on hardware practice. This study contributes a replicable implementation model where ADDIE is
operationalized as a student project management cycle (not merely an instructor design model) integrated
with PjBL gamification, and evaluated using multi source learning analytics and rubric based prototype
assessment. A total of 124 first term students at Universitas Muhammadiyah Metro completed a term long
sequence in which they followed ADDIE phases analysis, design, development, implementation and
evaluation to create working prototypes addressing real world issues (e.g., Smart Guidance Stick,
Flood-Warning System, AquaFeed). Quantitative descriptive analysis drew on learning
management-system logs, assignment and quiz scores, rubric-based project evaluations, and mid and end
term exam results. Mean participatory-activity scores were high (M =88, Coeficient Variation
(CV) =6 %), indicating uniformly strong engagement fostered by point, badges and leaderboards. Project
quality was likewise strong (M =87, CV =10 %), and showed a positive correlation with participation.
Quiz performance was very high (M =92, CV =11 %), while midterm and final exam means were 85
(CV=18%) and 88 (CV =10%), respectively, demonstrating improved cognitive attainment after
targeted feed-forward interventions. Outliers students scoring <60 on tasks or exams, or producing
incomplete projects were identified for diagnostic mentoring. Overall, the approach produced consistently
high participation (M=88; CV=6%) and prototype quality (M=87; CV=10%), alongside strong cognitive
attainment (midterm M=85; final M=88). The findings describe strong observed performance and identify
low-scoring students for diagnostic mentoring; they do not establish causal effectiveness because the
study had no control group, pretest, or inferential analysis. The implementation provides a structured
model for integrating gamification, ADDIE, and Arduino projects in digital systems instruction.
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INTRODUCTION

The Industrial Era 4.0 and the shift towards Society 5.0 have changed the global education landscape,
including in Indonesia. Education is no longer just a process of delivering material, but has developed
into a means to form digital skills, critical thinking skills, and technology-based innovation. In this
context, universities are required to build a learning ecosystem that is interactive, flexible, and adaptive
to the development of the times (Dinata, 2021; Tasya et al., 2023). Based on the latest data from the
Indonesian Internet Service Providers Association, by 2024, internet users in Indonesia will have
reached 221.6 million people or around 79.5% of the total population, a significant increase compared

e-Journal: https://doi.org/10.21009/1.12104



JPPPF (Jurnal Penelidan dan Pengembangan Pendidikan Fisika) Volume 12 Issue 1, June 2026
p-ISSN: 2461-0933 | e-ISSX: 2461-1433 31

to the previous year (APJII, 2024). This fact shows that digital infrastructure is increasingly evenly
distributed and online learning has great potential to reach students widely.

However, behind these numbers, However, behind these numbers, Challenges arise in the form of low
student involvement, lack of interactivity in digital learning, and limitations of real practice-based
learning (Kaatrakoski et al., 2017) In the midst of increasing technology penetration in the world of
education, online learning also faces a number of serious challenges. (Dunlosky et al., 2013; Ioannou
et al., 2016; Kaatrakoski et al., 2017). In addition, online learning often does not allow for in-person
practicums, even though practicum is very important in the field of engineering and computers to form
psychomotor skills and problem-solving. This has an impact on the weak practical skills of students,
especially in terms of device assembly, coding, and drafting hardware-based logic systems(Tehranipoor
et al., 2023). To answer these challenges, a more active and contextual approach to learning is needed.
One effective approach is Project-Based Learning (PjBL), which is a learning strategy that places
students as active subjects through direct involvement in planning, designing, and completing real
projects. PjBL encourages collaboration, creativity, and mastery of concepts through hands-on practice,
bridging the gap between theory and application (Fitri et al., 2024) . In this context, the use of Arduino
as an open microcontroller platform has become particularly relevant. Arduino allows students to build
simple intelligent systems that are directly connected to sensors and actuators, such as gas detection
devices, temperature sensors, disability aids, and more so that learning experiences become more
applicative, contextual, and meaningful (Bedoya-Cano et al., 2025; Pino et al., 2022; Ziemann, 2023).

One of the strategic innovations in digital learning that has received widespread attention is the
application of gamification. Gamification refers to the use of game elements such as points, levels,
leaderboards, challenges, and rewards into non-gaming contexts, including education. In the context
of (Moeniralam & Wit, 2024; Schreiber, 2021). When applied in technology project activities such as
the development of Arduino-based systems, gamification can provide an immersive and problem-
solving experience oriented to real-world problems (Kulkarni et al., 2022; Tran et al., 2023; Zainuddin,
2024).

When PjBL is combined with gamification elements, for example, the awarding of levels, challenges,
and a point system in a learning experience project becomes more interesting and competitive
(Riswanto et al., 2024; Riswanto et al., 2025). However, to implement this combination systematically,
a strong instructional design framework is needed. The ADDIE (Analysis—Design—Development—
Implementation—Evaluation) model has been proven to be able to provide structure in designing and
evaluating digital learning media that is responsive to the needs of 21st-century students (Crompton et
al., 2024; Nor et al., 2022). This is where the role of the ADDIE model becomes central, as it provides
structured guidance ranging from student needs analysis, content and activity design, learning media
development, project implementation, to evaluation of learning outcomes and processes. The
application of the ADDIE model in the context of Arduino project-based learning equipped with
gamification elements is a potential combination to improve the overall quality of digital learning. With
ADDIE, the learning process not only focuses on the final results, but also on the process of skill
development, collaboration, and reflection on learning experiences, thereby supporting the
achievement of students' cognitive, psychomotor, and social attitude competencies in an integrated
manner (Crompton et al., 2024; Spatioti et al., 2023).

Prior research emphasizes that effective digital learning especially in online or technology enhanced
settings requires systematic instructional design models to ensure alignment between learning
objectives, learning activities, and evaluation. In addition, project-based learning (PjBL) in higher
education has been consistently associated with improvements in a range of student outcomes and
provides established approaches for evaluating project quality and learning outcomes (Ozkan et al.,
2025). Evidence syntheses also indicate that gamification can yield positive effects on motivational or
behavioral outcomes and academic achievement when implemented with appropriate design and
mechanics (Sailer & Homner, 2020a). Empirical work integrating Arduino-based activities with digital
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learning materials has reported measurable learning gains, supporting the relevance of Arduino projects
as authentic, hands-on learning interventions (Papadimitropoulos et al., 2021).

Based on this evidence, it is important to conduct an in-depth study of how digital learning that
combines Arduino-based projects and gamification elements can be designed and implemented
systematically. In this context, several questions to be answered to understand the effectiveness of the
approach as a whole. First, how can the stages of applying the ADDIE model in the development of
gamification-based Arduino projects be carried out systematically? Second, what is the quality of
student project results developed through ADDIE? Third, to what extent can the effectiveness of
gamification-based digital learning increase student learning outcomes?

This study aims to provide a comprehensive understanding of implementing the ADDIE model in
gamification-based digital learning by documenting systematic design decisions and their links to
learner outcomes, in line with calls for more structured evidence connecting online instructional design
and outcome measurement (Martin et al., 2020; Ozkan et al., 2025). In addition, this study assesses the
quality of students’ Arduino project products using artifact-focused criteria, which is consistent with
how project-based learning research commonly evaluates learning through the quality of produced
work and performance rubrics (Guo et al., 2020). The study examines the effectiveness of gamification
based digital learning on student outcomes across cognitive and skill related dimensions, considering
meta-analytic evidence that gamification can improve learning outcomes depending on design features
and implementation context (Huang et al., 2020; Sailer & Homner, 2020b), and that practical
experimentation with Arduino-supported activities can yield measurable learning gains
(Papadimitropoulos et al., 2021). In addition, this study is expected to analyze the effectiveness of
gamification-based digital learning on student learning outcomes, both in the cognitive, psychomotor,
and social attitudes domains.

The project-based digital learning implemented in this course required students to develop Arduino
microcontroller-based prototypes through a complete engineering workflow, from project planning and
circuit or sensor testing in a simulation environment to real-world implementation. This approach is
consistent with evidence that project-based learning in embedded systems helps students connect
theory and practice, improve mastery of core concepts, and develop system-level design skills under
realistic constraints (Rodriguez-Sanchez et al., 2016). Students produced prototypes such as a smart
guidance stick, household gas sensor, smart feeder, flood warning system, and smart agriculture or
aquafeed projects. Similar Arduino or sensor-based assistive technologies (e.g., smart canes using
ultrasonic or IR sensing) have been widely reported for disability support, demonstrating how
microcontroller projects can directly address inclusion and mobility challenges (Sahoo et al., 2019).
Moreover, low-cost sensing and IoT systems are commonly used for safety monitoring (e.g.,
combustible gas leakage detection and monitoring reliability) and for disaster risk reduction (e.g., real-
time flood monitoring and early warning), supporting the relevance of student projects in security and
environmental resilience contexts (Landi et al., 2025). In the domain of smart agriculture, loT-based
monitoring and data-driven decision support are well-established directions, aligning with student
applications toward smart farming and resource efficiency (Rai et al., 2024). Students design projects
ranging from planning, simulation at Proteus, to real-world implementation of tools, such as Smart
Guidance Stick, Household Gas Sensor, SmartFeeder, Flood Warning System, and AquaFeed projects.
The projects show that students not only learn programming concepts and sensors, but also apply their
solutions in the areas of security, disability inclusion, energy efficiency, and smart agriculture.

Although the Project-Based Learning (PjBL) approach, gamification, and ADDIE's instructional
design model have been widely studied separately, it is still very rare to find research that integrates all
three in the context of real project-based digital learning such as the development of the Arduino system
(Riswanto et al., 2025). Most studies have not clearly explained how the ADDIE model can be used as
a systematic stage carried out by students in developing projects, starting from needs analysis, design,
development, implementation, to evaluation of works. In fact, the use of ADDIE is not only relevant
for lecturers as learning designers, but also effective as a guide for students in developing projects in a
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gradual, structured, and reflective manner (Wang et al., 2025; Zhang et al., 2024). On the other hand,
the existing literature generally only emphasizes cognitive outcomes or learning motivation, without
fully evaluating students' psychomotor skills and collaborative attitudes, as well as the technical quality
of the prototypes produced. Additionally, the application of gamification in project-based learning has
often not been directly linked to contextual and real-world problem-solving (Himmi et al., 2025).
Therefore, this research is important to fill this gap by presenting a digital learning model that combines
PjBL, gamification elements, and ADDIE stages as a direct approach carried out by students in the
development process of the Arduino project, in order to improve the quality of the process and overall
learning outcomes.

METHODS

This study used a quantitative descriptive classroom implementation design. The analyzed cohort
comprised 124 first-semester students enrolled in a digital systems course at a private university in
Lampung, Indonesia. The study examined learning records generated during one semester of
gamification-based Arduino PjBL. Because the design used one cohort without a control group or
pretest, the analysis was intended to describe implementation and performance patterns rather than
estimate causal effects.

Implementation samification Effectiveness
t Digital Learning imification Log SN of Learning
» Participatory Activities y ; - v « Midterm exam
» Assignments B ALt e « Final exam

» Quizzes e

Processlindicator
of enactment)

Arduino Project with
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« Project Score
« Product (quality of work)

Figure 1. Data sources and analytical framework

The implementation combined four components. Digital learning activities were delivered through the
institutional learning management system (LMS); gamification used cumulative experience points
(XP), badges, leaderboards, and rewards; students developed Arduino prototypes through the ADDIE
phases; and learning outcomes were summarized from project and academic scores. Figure 1 presents
the relationships among these data sources.

Table 1. Data sources, operational definitions, and analytical roles

Construct Data source  Operational definition and score Analytical role
Gamification LMS records Cumulative XP, badges, leaderboard  Documents implementation
log positions, and rewards recorded context; not treated as an
across scheduled course activities independent inferential
and extracted at the end of the variable.

semester; session-by-session

frequency was not analyzed.
Participatory LMS activity Composite score on a 0-100 scale Descriptive indicator of
activity record representing participation in engagement.

scheduled activities, assignments,

quizzes, and online forums.
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Assignments LMS Scores on a 0-100 scale; non- Descriptive indicator of
assignment submission remained recorded as 0. routine task performance.
scores
Quizzes Quizizz/LMS Scores on a 0-100 scale; incomplete ~ Descriptive indicator of
records or missed attempts were retained as short-term conceptual
recorded. performance.
Arduino Course Score on a 0-100 scale based on Descriptive indicator of
project project rubric  prototype quality and functionality product and practical
and the student presentation/technical performance.
explanation.

Midterm Course Score on a 0-100 scale. Descriptive indicator of
examination examination cognitive attainment during
record the semester.

Final Course Score on a 0-100 scale. Descriptive indicator of
examination examination end-of-semester cognitive
record attainment.

The project rubric was the course assessment rubric in the semester learning plan and was applied by
the course lecturer. Independent rubric validation and inter-rater agreement were not examined, which
is acknowledged as a limitation. All scores were analyzed on their original 0-100 scales. Non-
submissions and examination absences recorded in the course system as zero were treated as observed
values, not missing values, and were retained in the calculation of means, standard deviations, and
coefficients of variation. No imputation or case deletion was performed. Boxplots were used to identify
unusual values and describe score concentration and dispersion. The coefficient of variation was
calculated as CV = (standard deviation/mean) x 100%. No inferential test or correlation analysis was
conducted.

RESULTS AND DISCUSSION

Gamification-based digital learning is applied by utilizing the quiziz application, where students are
given stimulus in the form of comprehension tester questions before the project is carried out by
students (Riswanto, Alarifin, et al., 2025). The gamification elements applied in this study include XP
(experience points), badges, and rewards. The stages of learning that are carried out. The application
of learning in this course explicitly directs students to compile and develop Arduino-based projects
with the ADDIE approach. The ADDIE (Analysis, Design, Development, Implementation, Evaluation)
model is used not only as an instructional design framework by lecturers, but also as a stage of student
work in designing digital technology projects systematically (Riswanto, Hidayat, et al., 2025). The
implementation of the ADDIE Stages as seen in figure 2 shows the stages of project development by
students in learning.
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Figure 2. ADDIE phases used as the students' Arduino project workflow
1. Analysis
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In the initial stage, students are introduced to different types of sensors, components, and contextual
issues such as safety, energy efficiency, and special needs (difabel). This aligns with physical
computing approaches that engage learners in designing systems with sensors/microcontrollers to
address real world contexts (Vergara et al., 2025). The variety of project titles (e.g., Smart Guidance
Stick, Household Gas Sensor, Smart Plant Sprinkler) also reflects the authenticity and artifact-oriented
nature of project-based learning, where students develop concrete products grounded in real problems
(Guo et al., 2020), including assistive solutions for visual impairment (Panazan & Dulf, 2024) and
energy-efficiency oriented engineering design challenges (Purzer et al., 2015).

2. Design

Students are asked to design solutions in the form of digital tools by determining sensors, actuators,
and system logic. This activity was facilitated through simulations on Proteus and series design
discussions in the SPADA online forum, as described in the 4th to 9th week meetings.

3. Development

Prototypes began to be developed in real life using Arduino. Students assemble sensors and
components according to their simulation design (weeks 10 to 14). This process includes programming,
testing, and documentation of digital device development. In the development of projects based on the
ADDIE approach, students from various classes design a variety of technological solutions that are
contextual and applicable according to the needs of the community. The analysis stage is carried out
by identifying actual issues such as security, energy efficiency, disability assistance, and smart
agriculture. As a result, students designed innovative projects such as the Smart Guidance Stick and
Difability Distance Sensor Hat to help the visually impaired, Fire Sensor and Gas Leak Detection to
mitigate the risk of fire and explosion, and Smart Room Climate for automatic room temperature and
humidity management. In the field of agriculture and livestock, projects such as AquaFeed,
SmartFeeder, Automatic Crop Watering and AgriShield were developed, which utilize moisture
sensors, RTC, and ultrasonics to improve efficiency and sustainability. On the other hand, projects such
as Smart Clap Switches, Automatic Door Sensors, Motor Anti-Theft Systems, and Smart Security
Systems show students' creativity in designing household automation and property protection systems.
Seen in figure 3, several examples of student project development results are presented. Through the
stages of design, development, implementation, and project evaluation, all students are actively
involved in applying the principles of digital system design integrated with Arduino-based
programming and sensor technology, as a form of direct application of contextual and meaningful
learning.

Smart Guide Stick Prototype Pro ect Project Fire Alarm in a House
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Automatic plant watering project Project automatic lights with proximity sensor
Figure 3. Examples of student projects

4. Implementation

Students implement their projects in the form of physical tools that can be used, tested, and displayed.
Products such as AquaFeed, SmartFeeder, and CountSmart are the result of the real-world
implementation of field needs-based solutions.

5. Evaluation

The assessment is carried out at two levels: (a) the quality and functionality of the tool by the lecturer
(in the form of Project), and (b) the ability of students to present and explain how the project works
technically and applicatively. This evaluation also covers the cognitive, psychomotor, and affective
domains according to the value rubric in the term learning plan.

The application of the ADDIE model in courses not only provides a directed learning structure, but
also becomes a systematic thinking tool for students in completing technology projects (Mudjisusatyo
et al., 2024; Wahyudin et al., 2022). With project-based and the integration of gamification elements
on the SPADA platform (such as participatory activities and collaborative forums), students are
directed to become active, reflective, and solution-oriented learners in facing real problems through
technological approaches. The model provided checkpoints for problem definition, design justification,
prototype testing, implementation, and reflection.

Table 2. Descriptive summary of learning indicators and outlier treatment

Indicator Mean CV Main distribution and identified outliers

Participatory activity 88 6% Most scores 85-95; one score of 0.

Project score 87 10%  Most scores 85-95; one score of 0 and three scores 55-65.
Assignment score 78 18%  Most scores 75-85; outliers at 0, 38-45, and 60.

Quiz score 92 11%  Most scores 85-100; outliers at 20, 47-50, 63-65, and 70.
Midterm 85 18%  Most scores 80-95; about 12 students below 60, including
examination 12.

Final examination 88 10%  Most scores 80-95; outliers at 0 and 64-68.

Table 2 summarizes the main indicators and clarifies that all outlying and zero scores were retained.
Figures 3 and 4 display the participatory-activity and project-score distributions.

Data analysis based on the two presented boxplots shows the distribution and tendency of student
values in the two main aspects of project-based digital learning: participatory activities and final project
outcomes. Figure 3 shows the Boxplot of Participatory Activity which represents variations in student
participatory activity scores, including engagement in assignments, quizzes, and online learning
forums. Meanwhile, figure 4 shows the Boxplot of Project Outcome which reflects the quality of the
results of the Arduino project developed by students using the ADDIE approach. These two
visualizations provide a quantitative overview of the distribution of values and identify outliers that
require special attention in improving the learning process.
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Figure 3. Boxplot of Participatory Activity Figure 4. Boxplot of Project Outcome

Descriptive statistical analysis of student participatory activities on figure 3 showed an average
participation score of 88 points with a deviation of around +6 points. The coefficient of variation of
6% indicates that the level of student activity is relatively uniform. The distribution of the data shows
a slight negative skewed, indicating that most students show high participation, with one outlier
recording an extremely low score (0 points). The visualization showed a concentration of scores in the
range of 85-95 points, corroborating the finding that most students showed active engagement during
learning. This finding is strengthened by a box-plot that reveals the existence of one outlier, namely
students with a score of 0 points, which is an anomaly in the context of general class participation.

Pedagogically, these results provide some important implications. First, the low coefficient of variation
shows the success of gamification strategies in encouraging equitable participation among students.
The XP (experience points), badges, and reward-based mechanisms applied seem to have succeeded
in creating an effective and inclusive motivation system (Smiderle et al., 2020). Second, the existence
of outliers needs to be followed up through an individual approach. This can include clarifications
regarding attendance, technical barriers to the Learning Management System (LMS), or other
motivational issues. Counseling-based interventions or learning assistance can be a strategic step
(Henriquez et al., 2024). Third, the high median score (=90) strengthens the suspicion that digital
learning integrated with gamification elements not only increases engagement, but also has the
potential to create a competitive and collaborative learning environment. The gamification approach
in the context of digital learning shows high effectiveness in forming active and equitable student
participation patterns (Park & Kim, 2021; Puig et al., 2023; Tomé Klock et al., 2024). This strategy is
worth maintaining and refining in future digital project-based learning schemes.

The analysis of the results of the rubric-based project in Figure 4 shows an average high score, which
is 87 points, which indicates that the majority of students are able to meet the set criteria. The
coefficient of variation of 10% reflects moderate variation in yield quality, although the relative
distribution is still uniform. Negative skew scores and high kurtosis indicate a stacked distribution of
scores at high scores, but there are a small number of students with low scores, including one student
who did not collect any projects at all (score 0). Data visualization through the boxplot revealed the
peak score in the range of 85-95 points, showing the dominance of quality project results. However,
one cluster of extreme scores was identified at 0 and three low scores in the range of 55—65 points. The
box-plot visually confirms these four outliers, making it clear the existence of students who need
special attention. These findings have significant pedagogical implications. About 85% of students
scored > 80 points, indicating that the integration of the ADDIE model and the gamification approach
is effectively able to encourage students to produce good projects. However, four outliers required
diagnostic mentoring-based interventions to identify potential barriers such as technical difficulties
with Arduino, time management constraints, or low learning motivation. In addition, the moderate
variation in scores indicates that the assessment rubric is quite clear and can be maintained. If a higher
level of differentiation is required, adjustments to the weight of innovation criteria in the rubric can be
an alternative to reinforcement.
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Interestingly, these findings are consistent with previous analyses related to student participatory
activities, which recorded an average participation of 88 points with a CV of 6%. The alignment
between digital participation and the quality of the final product confirms that active engagement in
digital learning supported by gamification elements has a positive correlation with student project
performance. This means that activeness during the learning process is not only procedural, but
contributes directly to success in completing project-based tasks.

Data visualization in the form of a boxplot used to analyze the distribution of assignment scores in
Figure 5 and student quizzes in project-based digital learning in Figure 6. This analysis aims to identify
general trends in student performance, detect outliers, and evaluate the extent to which score variations
reflect engagement, concept understanding, and consistency of academic achievement during the
learning process. This boxplot is also an important basis in formulating more responsive and targeted
learning interventions.

Figure 5. Boxplot of Assignment Scores Figure 6. Boxplot of Quiz Scores

The results of the analysis of the task score in Figure 5 showed an average of 78 points, exceeding the
threshold of the Minimum Completeness Criterion of 70, but still below the achievement in
participatory activities (mean 88) and final projects (mean 87). The coefficient of variation of 18%
indicates a wider distribution of values than other variables, showing significant variation in
performance between individuals. Distributions showing negative skew reinforce that most college
students have high scores, with the tail of the distribution leading to several low scores, including one
extreme score of zero.

The histogram visualization revealed a distribution pattern of three clusters: the majority of scores were
concentrated in the range of 7585, small clusters in the range of 38—45, and one student who did not
collect any assignments at all (score 0). This data is reinforced through a box-plot that displays outliers
at three key points: a score of 0, a range of 38—45, and a score of 60 each indicating possible motivation
issues, delays, or low quality of task completion.

Compared to activity and project variables, tasks have the highest coefficient of variation, indicating
low individual consistency. This can stem from time management factors, clarity of instructions, or a
higher cognitive load in regular tasks. These findings provide some important pedagogical
recommendations. First, it is necessary to redesign assignments by breaking them down into smaller
and gradual deliverable units, as well as providing quick feedback so that students can monitor and
improve their performance on an ongoing basis (Allred, 2025). Second, an initial monitoring system
needs to be implemented to detect scores below 60 at the beginning of the term so that targeted
interventions can be provided early (Cabezas et al., 2024; Hall et al., 2021). Third, strengthening
specific gamification elements for tasks such as giving a "Task Streak" badge or bonus XP for timely
collection can be used to increase motivation in completing routine tasks (Khan et al., 2020; Schobel
et al., 2020; Wiley et al., 2020; Yang et al., 2021). Variations in performance on assignments reflect the
need for instructional strategies that are more adaptive and responsive to differences in students'
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learning styles and time management. Strengthening the task mechanism can support the success of
gamification-based digital learning as a whole.

The analysis of the quiz score in figure 6 shows a very high average, which is 92 points, which indicates
that most students are able to complete the quiz well. This high score hints at two main possibilities:
the quiz material is relatively easy or the questions given have matched the practice patterns previously
available in gamification-based LMS platforms. With a coefficient of variation of 11%, the variation
in performance is in the medium category, with a score distribution that skews towards high but still
contains some low scores. Histogram visualization shows the dominance of scores in the range of 85—
100 points, with small clusters at 45-50 and one extreme outlier at 20. The box-plot identifies four
outliers, namely scores of 20, 47-50, 63—65, and 70. Outliers at very low scores (20 and < 50) are most
likely due to incompleteness in taking quizzes, network glitches, or poor understanding of the material.
Scores between 63—70 while not extreme, still need attention for learning interventions or remedy
sessions.

When compared to the other components activities (mean 88, CV 6%), project (mean 87, CV 10%),
and assignment (mean 78, CV 18%) quizzes have the highest average. This shows that the integration
of quiz questions with gamification approaches and the use of LMS has succeeded in improving
academic performance in the short-term evaluative aspect. However, the existence of significant
outliers on the quiz is also an indication that not all students are able to maintain optimal performance
in exam conditions. The pedagogical implications of these findings include the need to revalidate the
quiz questions to ensure a balanced and even level of difficulty. Analysis-based questions can be added
to avoid dominating memorization questions or just structured exercises (Ormerod et al., 2023;
Zamanifar & Hartmann, 2020). Students with scores below 70 are advised to get an offer in the form
of a quiz retake or video-based discussion session so that they can understand the mistakes that occur.
In addition, the integration of the automatic feedback feature in the LMS is important so that students
can immediately reflect on mistakes and improve their study strategies independently (Rauf et al.,
2023; Winstone et al., 2021). The high performance of quizzes reflects the success of gamification-
based digital learning designs in improving cognitive achievement, although it still requires adaptive
strategies to support students who show low performance.

The visualization of the boxplot that describes the distribution of student scores in the Midterm Exam
is seen in figure 7 and the Final Exam is seen in figure 8§ as an indicator of cognitive achievement in
project-based digital learning. This picture provides a comprehensive picture of student academic
performance, showing the distribution of dominant scores, the existence of outliers, and potential
inequality in learning outcomes that need to be further analyzed to support more effective evaluation
strategies and learning interventions.

Boxplot of Midlertm Exam Scores Boxplot of Final Exarm Sce

Figure 7. Boxplot of Midterm Exam Scores Figure 8. Boxplot of Final Exam Scores

The results of the Middle Exam in figure 7 show an average score of 85 points, above the Minimum
Completeness Criterion of 70. However, a variation coefficient (CV) of 18% indicates a fairly high
level of variation equivalent to the value of an assignment and greater than that of activities, projects,
or quizzes. The value distribution shows a negative slope, indicating a concentration of scores in the
high range, but with a long left tail covering a number of low scores. The visual distribution shows that
the main mound of values is in the range of 80-95, with additional clusters between 55-70, as well as
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extreme points in the range of 12-35. The box-plot shows a significant number of outliers, including a
score of 12 (likely due to absenteeism or incomplete exams), as well as low scores in the range of 30—
60. There were about 12 students (about 10% of the population) who scored below 60, indicating a
vulnerable group that needed special attention. When compared to other learning components, mid-
exams and assignments occupy the position with the highest CV (18%), while activities, projects, and
quizzes show much lower variation. This indicates that students' conceptual and theoretical
understanding is not as homogeneous as participatory involvement and applicative ability in the
project.

The pedagogical implications of these findings include several important points. First, an analysis of
question items is needed to evaluate the validity, difficulty, and discriminating power of intermediate
exam questions, considering the potential incompatibility between the exam content and the practical
approaches and digital activities that have been implemented. Second, it is necessary to prepare a
structured remedial program for students with scores below 70, as an intervention before the Final
Exam. Third, the results of the middle exam can be used as a basis for learning differentiation. By
implementing adaptive gamification strategies, lecturers can group students based on cognitive
achievement and provide supporting materials or different challenges according to the level of needs
of each group (Carvalho et al., 2023; Daghestani et al., 2020; Nieto-Escamez & Roldan-Tapia, 2021;
Saleem et al., 2022). The results of the middle exam provide insight that the integration between
theoretical aspects and practice-based activities needs to be harmonized in order to produce a
comprehensive and equitable understanding among students.

The Final Exam results in figure 8 show excellent performance, with an average score of 88 points, far
exceeding the Minimum Completeness Criterion of 70. The coefficient of variation of 10% indicates a
relatively close and similar distribution of grades to the results of the project, reflecting the consistency
of students' academic performance. The score distribution shows a negative slope and high kurtosis,
indicating the accumulation of high scores with little extreme values at the bottom. The histogram
visualization shows the concentration of values in the range of 80-95, with one small cluster around
65—70, and one extreme outlier at a score of 0. The box-plot confirmed the existence of outliers in the
score of 0 and in the vulnerable group with a score of 64—68. Students with a score of 0 are most likely
not taking the exam, while the other four students who score below the graduation criteria require
remediation. Comparison with the results of the Middle Exam shows a positive trend. The average
score increased from 85 to 88 points, while the coefficient of variation narrowed from 18% to 10%,
indicating an increase in performance as well as a narrowing of the distribution of scores. The absence
of extreme outliers such as a score of 12 in the middle exam is an indication that post-exam learning
interventions through feed-forward strategies that combine formative feedback with gamification
elements have succeeded in improving students' academic understanding and achievement equally.

The pedagogical implications of these findings are clear. First, the format of evaluation and remedial
sessions between the middle and final exams proved to be effective and worth maintaining. Second,
good practices such as the use of game-based review question banks need to be documented as a
continuous evaluation model for the next term. Third, individual focus is still required for students with
a <score of 70, which is recommended to gain access to remedial programs or alternative assessments
based on a differentiated approach (Fyfe et al., 2022; Peters et al., 2022; Pourdana & Tavassoli, 2022;
Puzio et al., 2020). The final exam not only serves as a final cognitive measuring tool, but also as a
testament to the success of proactive feedback-based instructional design and gamification designed to
improve performance in a systematic and inclusive manner (Koseda et al., 2024).

CONCLUSION

This classroom implementation showed that ADDIE can be used as a student project workflow within
gamified Arduino PjBL. Descriptive results indicated high and relatively homogeneous participation
(M =88, CV =6%), strong project scores (M =87, CV = 10%), high quiz and final-examination means,
and greater dispersion in assignment and midterm scores. The ADDIE model, which is applied
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systematically through the stages of analysis, design, development, implementation, and evaluation,
has guided students in designing and realizing technology projects that are contextual, applicative, and
relevant to real needs, such as assistive devices, security systems, and energy efficiency. The
distributions identify practical priorities: early monitoring of non-submission, diagnostic mentoring for
low project scores, staged assignments, item review, and remedial support. The study is limited by its
one-cohort descriptive design, absence of a control group and pretest, use of a single instructor and
single project rater, lack of independently validated rubric evidence, and absence of inferential or
correlation analysis. Future studies should compare groups or repeated cohorts, use validated
instruments and multiple raters, and test associations among participation, project quality, and learning
outcomes. The present findings therefore support the feasibility and pedagogical utility of the
implementation model, not a causal claim of effectiveness. Overall, the synergy between ADDIE's
approach, gamification strategy, and Arduino project has succeeded in creating an interactive,
collaborative, and supportive digital learning ecosystem that supports the development of 21st-century
competencies as a whole.

ACKNOWLEDGMENTS

The author would like to express his deepest gratitude to all students of Universitas Muhammadiyah
Metro who have actively participated in project-based learning activities. The award was also presented
to the Faculty of Computer Science and the online learning management system (LMS) team for the
support and facilities provided during the research process. Special thanks are addressed to fellow
lecturers for valuable input that has enriched the process of preparing this research. All contributions
and dedication from various parties are very meaningful in the successful implementation of this
research.

REFERENCES

Allred, B. (2025). From Static to Dynamic: Redesigning BYU Online High School’s Learning Library
Learning Aids and Tools Section. Instructional Psychology and Technology Graduate Student
Projects. https://scholarsarchive.byu.edu/ipt_projects/82

APJIL.  (2024). APJII Jumlah Pengguna Internet Indonesia Tembus 221 Juta Orang.
https://apjii.or.id/berita/d/apjii-jumlah-pengguna-internet-indonesia-tembus-22 1 -juta-orang

Bedoya-Cano, 0., Marin-Marin, J. A., & Lopez-Belmonte, J. (2025). Integrating Arduino and Artificial
Intelligence in STEM Education. Springer, 1194, 149—165. https://doi.org/10.1007/978-3-031-
82915-4 7

Cabezas, F., Burgos, L., Darrigol, J., & Zuniga, M. (2024). Implementation of an early alert system in
quizzes of a high complexity subject in higher education: Improvement of student performance
and teacher perception. Springer. https://doi.org/10.1007/S10639-024-12610-5

Carvalho, D., Tsalapatas, H., Baptista, R., Zourmpakis, A.-I., Kalogiannakis, M., & Papadakis, S.
(2023). Adaptive gamification in science education: An analysis of the impact of implementation
and adapted game elements on students’ motivation. Mdpi.Com.
https://doi.org/10.3390/computers12070143

Crompton, H., Jones, M. V., Sendi, Y., Aizaz, M., Nako, K., Randall, R., & Weisel, E. (2024).
Examining technology use within the ADDIE framework to develop professional training.
Emerald.Com, 48(3—4), 422-454. https://doi.org/10.1108/EJTD-12-2022-0137/FULL/HTML

Daghestani, L. F., Ibrahim, L. F., Al-Towirgi, R. S., & Salman, H. A. (2020). Adapting gamified
learning systems using educational data mining techniques. Wiley Online Library, 28(3), 568—
589. https://doi.org/10.1002/CAE.22227

Dinata, K. B. (2021). Literasi Digital Dalam Pembelajaran Daring. FEksponen, 11(1), 20-27.
https://doi.org/10.47637/eksponen.v11i1.368

Dunlosky, J., Rawson, K. A., Marsh, E. J., Nathan, M. J., & Willingham, D. T. (2013). Improving
students’ learning with effective learning techniques: Promising directions from cognitive and
educational psychology. Journals.Sagepub.Com, 14(1), 4-58.
https://doi.org/10.1177/1529100612453266

e-Journal: https://doi.org/10.21009/1.12104



JPPPF (Jurnal Penelidan dan Pengembangan Pendidikan Fisika) Volume 12 Issue 1, June 2026
p-ISSN: 2461-0933 | e-ISSX: 2461-1433 42

Fitri, R., Lufri, L., Alberida, H., Amran, A., & Fachry, R. (2024). The project-based learning model
and its contribution to student creativity: A review. JPBI (Jurnal Pendidikan Biologi Indonesia),
10(1), 223-233. https://doi.org/10.22219/JPBIL.V10I11.31499

Fyfe, M., Horsburgh, J., Blitz, J., Chiavaroli, N., Kumar, S., Cleland, J., Fyfe, M., Horsburgh, - J,
Kumar, - S, Horsburgh, J., Chiavaroli, N., Cleland, J., & Kong, L. (2022). The do’s, don’ts and
don’t knows of redressing differential attainment related to race/ethnicity in medical schools.
Springer, 11(1), 1-14. https://doi.org/10.1007/S40037-021-00696-3

Guo, P, Saab, N., Post, L. S., & Admiraal, W. (2020). A review of project-based learning in higher
education: Student outcomes and measures. International Journal of Educational Research, 102,
101586. https://doi.org/10.1016/J.1JER.2020.101586

Hall, M. M., Worsham, R. E., & Reavis, G. (2021). The effects of offering proactive student-success
coaching on community college students’ academic performance and persistence.
Journals.Sagepub.Com, 49(2), 202—237. https://doi.org/10.1177/0091552120982030

Henriquez, V., Guerra, J., & Scheihing, E. (2024). The impact of an academic counselling learning
analytics tool: Evidence from 3 years of use. British Journal of Educational Technology, 55(5),
1884—1899. https://doi.org/10.1111/BJET.13474

Himmi, N., Armanto, D., & Amry, Z. (2025). Implementation of Project Based Learning (PjBL) in
Mathematics Education: A Systematic Analysis of International Practices and Theoretical
Foundations. Science Insights Education Frontiers, 26(2), 4305-4321.
https://doi.org/10.15354/SIEF.25.0R699

Huang, R., Ritzhaupt, A. D., Sommer, M., Zhu, J., Stephen, A., Valle, N., Hampton, J., & Li, J. (2020).
The impact of gamification in educational settings on student learning outcomes: a meta-analysis.
Educational Technology Research and  Development, 68(4), 1875-1901.
https://doi.org/10.1007/S11423-020-09807-Z/METRICS

loannou, A., Vasiliou, C., & Zaphiris, P. (2016). Problem-based learning in multimodal learning
environments: Learners’ technology adoption experiences. Journals.Sagepub.Com, 54(7), 1022—
1040. https://doi.org/10.1177/0735633116636755

Kaatrakoski, H., Littlejohn, A., & Hood, N. (2017). Learning challenges in higher education: an
analysis of contradictions within Open Educational Practice. Springer, 74(4), 599-615.
https://doi.org/10.1007/S10734-016-0067-Z

Khan, A., Boroomand, F., Webster, J., & Minocher, X. (2020). From elements to structures: An agenda
for organisational gamification. Taylor & Francis, 29(6), 621-640.
https://doi.org/10.1080/0960085X.2020.1780963

Koseda, E., Reeve, C., Fascia, M., Mclntosh, B., & Cohen, I. (2024). Globalisation, education, policy,
and curricula issues: Education 4.0: Digital disruption and innovative solutions as pedagogical
drivers in higher education. Springer, 541-584. https://doi.org/10.1007/978-3-031-67667-3 30

Kulkarni, P., Gokhale, P., Satish, Y. M., & Tigadi, B. (2022). An empirical study on the impact of
learning theory on gamification-based training programs. Organization Management Journal,
19(5), 170-188. https://doi.org/10.1108/OMJ-04-2021-1232

Landi, E., Parri, L., Baldo, D., Parrino, S., Vatansever, T., Fort, A., Mugnaini, M., Vignoli, V., Landi,
E., Parri, L., Baldo, D., Parrino, S., Vatansever, T., Fort, A., Mugnaini, M., & Vignoli, V. (2025).
Reliability and Performance Evaluation of IoT-Based Gas Leakage Detection Systems for
Residential Environments. Electronics 2025, Vol. 14, 14(19).
https://doi.org/10.3390/ELECTRONICS 14193798

Martin, F., Sun, T., & Westine, C. D. (2020). A systematic review of research on online teaching and
learning  from 2009 to  2018. Computers &  Education, 159, 104009.
https://doi.org/10.1016/J.COMPEDU.2020.104009

Moeniralam, Y., & Wit, J. de. (2024). Motivating Civic Participation Among Young European Adults
Through Gamified E-Participation. http://arno.uvt.nl/show.cgi?fid=178604

Mudjisusatyo, Y., Darwin, D., & Kisno, K. (2024). The use ADDIE model to improve the competence
of the higher education task force in obtaining competitive funding for the independent campus
program. Emerald. Com. https://doi.org/10.1108/JARHE-12-2023-0580/FULL/HTML

e-Journal: https://doi.org/10.21009/1.12104



JPPPF (Jurnal Penelidan dan Pengembangan Pendidikan Fisika) Volume 12 Issue 1, June 2026
p-ISSN: 2461-0933 | e-ISSX: 2461-1433 43

Nieto-Escamez, F. A., & Roldan-Tapia, M. D. (2021). Gamification as online teaching strategy during
COVID-19: A mini-review. Frontiersin.Org, 12.
https://doi.org/10.3389/FPSYG.2021.648552/FULL

Nor, S., Ramly, F., Ahmad, N. J., & Said, H. M. (2022). The development of innovation and chemical
entrepreneurship module for pre-university students: An analysis phase of ADDIE model.
Pdfs.Semanticscholar.Org, 5(1), 96—116. https://doi.org/10.24014/jnsi.v5i1.16751

Ormerod, C., Lottridge, S., Harris, A. E., Patel, M., van Wamelen, P., Kodeswaran, B., Woolf, S., &
Young, M. (2023). Automated short answer scoring using an ensemble of neural networks and
latent semantic analysis classifiers. Springer, 33(3), 467—496. https://doi.org/10.1007/S40593-
022-00294-2

Ozkan, A., Cevik, 1., Saylan, E., & Cakiroglu, U. (2025). The Past and Present of Instructional Design
in Online Learning: Trends and Emerging Directions. The International Review of Research in
Open and Distributed Learning, 26(3), 126—148. https://doi.org/10.19173/IRRODL.V2613.8507

Panazan, C. E., & Dulf, E. H. (2024). Intelligent Cane for Assisting the Visually Impaired. Technologies
2024, Vol. 12, 12(6). https://doi.org/10.3390/TECHNOLOGIES12060075

Papadimitropoulos, N., Dalacosta, K., & Pavlatou, E. A. (2021). Teaching Chemistry with Arduino
Experiments in a Mixed Virtual-Physical Learning Environment. Journal of Science Education
and Technology 2021 30:4, 30(4), 550-566. https://doi.org/10.1007/S10956-020-09899-5

Park, S., & Kim, S. (2021). Is sustainable online learning possible with gamification?—the effect of
gamified online learning on student learning. Sustainability (Switzerland), 13(8).
https://doi.org/10.3390/SU13084267

Peters, M. T., Hebbecker, K., & Souvignier, E. (2022). Effects of providing teachers with tools for
implementing assessment-based differentiated reading instruction in second grade.
Journals.Sagepub.Com, 47(3), 157-169. https://doi.org/10.1177/15345084211014926

Pino, S., Alegria, H., Felipe Solis Pino, A., Ruiz, P. H., & Ariel Hurtado Alegria, J. (2022). A software
products line as educational tool to learn industrial robots programming with Arduino. Mdpi. Com.
https://doi.org/10.3390/electronics

Pourdana, N., & Tavassoli, K. (2022). Differential impacts of e-portfolio assessment on language
learners’ engagement modes and genre-based writing improvement. Springer, 12(1).
https://doi.org/10.1186/S40468-022-00156-7

Puig, A., Rodriguez, 1., Rodriguez, A., & Gallego, I. (2023). Evaluating Learner Engagement with
Gamification in  Online  Courses.  Applied  Sciences  (Switzerland),  13(3).
https://doi.org/10.3390/APP13031535

Purzer, S., Goldstein, M. H., Adams, R. S., Xie, C., & Nourian, S. (2015). An exploratory study of
informed engineering design behaviors associated with scientific explanations. International
Journal of STEM Education 2015 2:1, 2(1), 9-. https://doi.org/10.1186/S40594-015-0019-7

Puzio, K., Colby, G. T., & Algeo-Nichols, D. (2020). Differentiated literacy instruction: Boondoggle
or best practice? Journals.Sagepub.Com, 90(4), 459-498.
https://doi.org/10.3102/0034654320933536

Rai, N., Zhang, Y., Villamil, M., Howatt, K., Ostlie, M., & Sun, X. (2024). Agricultural weed
identification in images and videos by integrating optimized deep learning architecture on an edge
computing technology. Computers and Electronics in Agriculture, 216, 108442.
https://doi.org/10.1016/J.COMPAG.2023.108442

Rauf, W., Rajab, Abd., & Nashruddin, N. (2023). Exploring the Learning Design on Learning
Management System for Online Learning: A Case Study in Higher Education. Jurnal llmiah
Profesi Pendidikan, 8(1), 1-10. https://doi.org/10.29303/JIPP.V811.1075

Riswanto, Dedy Hidayatullah Alarifin, A. Hidayat. (2024). Pembelajaran Digital Berbasis Gamifikasi
Etnofisika Melalui Diferensiasi Project Digital (GAMETRID PROJECT-BASED LEARNING).

Riswanto, R., Alarifin, D. H., & Hidayat, A. (2025). Gamification in Ethnophysics and Its Impact on
Digital Learning: A Systematic Literature Review. Jurnal llmiah Pendidikan Fisika Al-Biruni,
14(1), 167—-188. https://doi.org/10.24042/JIPFALBIRUNI.V1411.27156

Riswanto, R., Hidayat, A., & Salim, M. B. (2025). Optimizing digital learning through the ADDIE
instructional approach in an arduino based automatic plant watering prototype project using a

e-Journal: https://doi.org/10.21009/1.12104



JPPPF (Jurnal Penelidan dan Pengembangan Pendidikan Fisika) Volume 12 Issue 1, June 2026
p-ISSN: 2461-0933 | e-ISSX: 2461-1433 44

capacitive soil and moisture sensor. Compton: Jurnal limiah Pendidikan Fisika, 12(1), 1-15.
https://doi.org/10.30738/CJIPF.V1211.19645

Rodriguez-Sanchez, M. C., Torrado-Carvajal, A., Vaquero, J., Borromeo, S., & Hernandez-Tamames,
J. A. (2016). An Embedded Systems Course for Engineering Students Using Open-Source
Platforms in Wireless Scenarios. [EEE Transactions on Education, 59(4), 248-254.
https://doi.org/10.1109/TE.2016.2526676

Sahoo, N., Lin, H. W., & Chang, Y. H. (2019). Design and Implementation of a Walking Stick Aid for
Visually Challenged People. Sensors 2019, Vol. 19, 19(1). https://doi.org/10.3390/S19010130

Sailer, M., & Homner, L. (2020a). The Gamification of Learning: a Meta-analysis. Educational
Psychology Review, 32(1), 77-112. https://doi.org/10.1007/S10648-019-09498-W/TABLES/7

Sailer, M., & Homner, L. (2020b). The Gamification of Learning: a Meta-analysis. Educational
Psychology Review, 32(1), 77-112. https://doi.org/10.1007/S10648-019-09498-W/TABLES/7

Saleem, A. N., Noori, N. M., & Ozdamli, F. (2022). Gamification applications in E-learning: A
literature review. Springer, 27(1), 139—159. https://doi.org/10.1007/S10758-020-09487-X

Schobel, S. M., Janson, A., & Sollner, M. (2020). Capturing the complexity of gamification elements:
a holistic approach for analysing existing and deriving novel gamification designs. Taylor &
Francis, 29(6), 641-668. https://doi.org/10.1080/0960085X.2020.1796531

Schreiber, R. (2021). My Year In Coaching: Critical Reflection On My Journey For Season 2020/2021.
https://www.theseus.fi/handle/10024/510173

Smiderle, R., Rigo, S. J., Marques, L. B., Pecanha de Miranda Coelho, J. A., & Jaques, P. A. (2020).
The impact of gamification on students’ learning, engagement and behavior based on their
personality traits. Smart Learning Environments, 7(1). https://doi.org/10.1186/S40561-019-0098-
X

Spatioti, A., Kazanidis, 1., & Pange, J. (2023). EDUCATIONAL DESIGN AND EVALUATION
MODELS OF THE LEARNING EFFECTIVENESS IN E-LEARNING PROCESS: A
SYSTEMATIC REVIEW. Turkish Online Journal of Distance Education, 24(4), 318-347.
https://doi.org/10.17718/TOJDE.1177297

Tasya, K. D., Dwita, J., Sastrawati, E., & Jambi, U. (2023). Urgensi Kompetensi Literasi Digital Bagi
Mahasiswa. 3, 10681-10691.

Tehranipoor, M., Anandakumar, N., & Farahmandi, F. (2023). Hardware Security Training, Hands-on!
https://doi.org/10.1007/978-3-031-31034-8.PDF

Tomé Klock, A. C., Palomino, P. T., Rodrigues, L. A. L., Toda, A. M., Simanke, S., Spors, V., Santana,
B. S., & Hamari, J. (2024). Gamification towards and alongside equity, diversity and inclusion:
Looking back to move forward. Journals.Sagepub.Com.
https://doi.org/10.1177/14614448241254028

Tran, T. M., Beuran, R., & Hasegawa, S. (2023). Gamification-Based Cybersecurity Awareness Course
for Self-regulated Learning. In International Journal of Information and Education Technology
(Vol. 13, Number 4, pp. 724-730). https://doi.org/10.18178/ijiet.2023.13.4.1859

Vergara, K., Rossel, P. O., & Herskovic, V. (2025). Understanding the use of physical computing in K-
12 education: A systematic literature review. Educational Research Review, 48, 100705.
https://doi.org/10.1016/J. EDUREV.2025.100705

Wahyudin, D., Darmawan, D., & Suharti. (2022). Design of e-Learning based Based on ADDIE model
during the Covid-19 Pandemic. Communication Technologies et Développement, 11.
https://doi.org/10.4000/CTD.7556

Wang, X., Guo, Y., & Zhu, Z. (2025). A psychological study on ADDIE-blended teaching: focusing on
learning styles. Taylor & Francis. https://doi.org/10.1080/10494820.2025.2482591

Wiley, K., Vedress, S., & Mandryk, R. L. (2020). How points and theme affect performance and
experience in a gamified cognitive task. DI.Acm.Org. https://doi.org/10.1145/3313831.3376697

Winstone, N., Bourne, J., Medland, E., Niculescu, L., & Rees, R. (2021). “Check the grade, log out”:
students’ engagement with feedback in learning management systems. Taylor & Francis, 46(4),
631-643. https://doi.org/10.1080/02602938.2020.1787331

Yang, C., Ye, H. J., & Feng, Y. (2021). Using gamification elements for competitive crowdsourcing:
exploring the underlying mechanism. Taylor &  Francis, 40(9), 837-854.
https://doi.org/10.1080/0144929X.2020.1733088

e-Journal: https://doi.org/10.21009/1.12104



JPPPF (Jurnal Penelidan dan Pengembangan Pendidikan Fisika) Volume 12 Issue 1, June 2026
p-ISSN: 2461-0933 | e-ISSX: 2461-1433 45

Zainuddin, Z. (2024). Integrating ease of use and affordable gamification-based instruction into a
remote learning environment. Asia Pacific Education Review, 25(5), 1261-1272.
https://doi.org/10.1007/s12564-023-09832-6

Zamanifar, M., & Hartmann, T. (2020). Optimization-based decision-making models for disaster
recovery and reconstruction planning of transportation networks. Springer, 104(1).
https://doi.org/10.1007/S11069-020-04192-5

Zhang, J., Chen, H., Wang, X., Huang, X., & Xie, D. (2024). Application of flipped classroom teaching
method based on ADDIE concept in clinical teaching for neurology residents. Springer, 24(1).
https://doi.org/10.1186/S12909-024-05343-Z

Ziemann, V. (2023). A hands-on course in sensors using the Arduino and Raspberry Pi. A Hands-On
Course in Sensors Using the Arduino and Raspberry Pi, Second Edition, 1-292.
https://doi.org/10.1201/9781003341703/HANDS-COURSE-SENSORS-USING-ARDUINO-
RASPBERRY-PI-VOLKER-ZIEMANN

e-Journal: https://doi.org/10.21009/1.12104



