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This version emphasizes the international collaboration and the
specific educational levels mentioned in your description.

Editorial: Global Collaboration for Educational Transformation

We are proud to present the second issue of 2025 for the
Indonesian Journal of Learning and Instructional Innovation (VoI. 3,
No. 02, December 2025). This special edition marks a significant
milestone in our publication’s history, featuring a series of scientific
articles born from a cross-border research collaboration between
academics from Australiac and Indonesia. By bringing together
diverse perspectives and expertise, this issue highlights the power
of international partnership in addressing the evolving challenges
of the modern classroom. The contributions within this volume
focus on the fundamental pillars of educational transformation,
specifically examining how technology and innovation can be
harnessed to elevate the standards of teaching and learning.

The research presented here spans the critical developmental
stages of early childhood, elementary, and secondary education.
Each article explores nuanced strategies designed to improve
learning quality, ranging from the integration of digital tools to the
implementation of novel instructional frameworks. By synthesizing
global academic insights with practical, localized applications, this
edition provides a comprehensive roadmap for educators and
policymakers alike. Collectively, these studies underscore that the
future of education lies in the continuous pursuit of innovation and
the strengthening of international ties to ensure a more inclusive
and effective learning experience for all students.
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ABSTRACT

This research was motivated by the lack of understanding of students in the natural science material in
grade IV Cluster Il Ahmad Yani, Surakarta City. Out of 150 students, only 32% of students exceeded the
minimum completeness criteria; on the other hand, 68% of students still had results that were still less
than the minimum completeness criteria. The causative factor is the way teachers teach, which is not
varied and tends to be boring. Teachers teach more in conventional ways, so students become fixated
and less active during learning. The purpose of the research is to increase student learning outcomes
on the numbered head together practice model directly with globe and flashlight media and to find out
the process of day and night and to find out whether this model can run well. This research is classified
as classroom action research that uses 2 cycles. Cycle 1 will be held on May 6, 2024, and cycle 2 will be
held the following month, on June 3, 2024. Based on the results of the research on the numbered head
together learning model, the results of the students' study can increase students' understanding of the
lesson of changes in the appearance of the earth and sky. This is evidenced by the development of the
percentage of student learning completeness starting from the first cycle, where only 32% increased
to 79%. So, in cycle 2 completeness has been classically achieved. It can be concluded that the
numbered head together learning model and using media can increase students' understanding and
improve student learning outcomes on the lesson of changes in the appearance of the earth and sky.

Keywords: Numbered Head Together, learning outcomes, earth and sky apparitions

Copyright © 2025 The Author(s)
BY SA This is an open access article under the CC BY-SA license.

INTRODUCTION

Challenges in the world of education are increasingly complex with the advent of the
Society 5.0 era, which demands educators' readiness to integrate innovative learning methods
to improve student competency (Wibawanto et al., 2021). Natural Science learning has obstacles
that are often experienced in Natural Science learning, including moderate learning, focusing on
the concepts contained in the book and not using an environmental approach to learning. Some
educators are maintaining the order in the book without looking at the suitability of the
student's environment (Cahyono, 2023). This problem causes inefficient learning, therefore
students do not respond to the material provided. So, this kind of learning will result in
saturation in students (Karoso & Cahyono, 2024). Pedagogical innovation is the main key in
overcoming learning boredom, where teachers must be able to transform conventional teaching
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methods to be more dynamic and relevant to current developments (Raziana & Wibawanto,
2025).

In carrying out the learning process, teachers are expected not to use the usual methods,
in the sense that in the coming years teaching and learning methods will not improve, educators
who always use this monotonous method can cause problems that they do not understand
(Hidayati et al., 2024). Therefore, as a teacher, it is mandatory to have a sense of knowing the
interests of students, especially when serving and giving a lesson. Therefore, it is very necessary
for a teacher to vary his teaching methods. Which is more suitable for providing material in such
a way that the teaching and learning outcomes are successful to the maximum (Herwiyanti et
al., 2019). In addition to methods, the use of appropriate learning media is crucial to support the
effectiveness of material delivery, especially during the adaptation period to new habits that
require flexible learning methods (Wibawanto & Roemintoyo, 2020).

The Numbered Head Together (NHT) learning model is a collaborative learning model that
can increase student interest and involvement in learning. This model allows each student to be
responsible for their group's understanding, which has been shown to improve engagement and
academic achievement across various subjects (Prakoso & Radia, 2019; Fauziah, 2019; Iskatiana,
2017). The NHT model has proven effective in improving students' cognitive and social skills at
various levels of education, from early childhood to secondary school. The use of this strategy
also significantly improves students' science process skills, such as observation and prediction,
which are highly relevant in science learning (Mahmudah & Rasyid, 2022; Palupi et al., 2022;
Wiratman & Putri, 2023).

Before using the numbered head together Students often experience a lack of
understanding in the learning process, so that teachers often repeat the material in general still
using conventional methods and media which the reason is that teachers use conventional
methods is the first is easy does not require preparation but it tends to be monotonous and
boring so that students do not get meaningful learning so that the material taught by students
is easily forgotten (Novibriawan et al., 2021).

Poor learning outcomes are often triggered by students' boredom with monotonous lecture
methods, especially in subjects considered difficult, such as mathematics and language arts.
Studies show that integrating NHT with other learning models, such as problem-solving or
discovery learning, can be a solution to increase student engagement (Aditya et al., 2022;
Setyaningsih & Utami, 2021; Suradi & Aliyyah, 2023; Wahyuni & Abidin, 2024). This condition
requires the role of teachers to determine the direction of learning that is not boring for students
in order to attract students' interest in learning, if there is no change, there will be a problem,
namely low student interest in learning, not only that, if low interest in learning will affect
student learning outcomes, as for the Teacher Working Group Il Ahmad Yani Surakarta the
students have an increase in student cognition, which is in the natural science class IV (Wijayanti
et al, 2017).

However, in the improvement itself, there are several things that are questioned about the
method used with this fact, researchers are interested in conducting research in Cluster Il Ahmad
Yani Surakarta With the above problem, the author raised the title of the article titled: "The
Effectiveness of Student Learning Outcomes Through the Numbered Head Together Method of
Changing the Theme of Changes in the Appearance of the Earth and Sky".

METHODS

The research method of this article uses the research method Classroom Action Research
by type of research field research. The class taken in the observation was class IV in the Ahmad
Yani Group |l Teacher Working Group with a total of 63 male students and 87 female students.
The form of research is Classroom Action Research. Classroom action research is a caustic-based
and context-based observation of conditions, circumstances and situations in the classroom that
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are carried out to overcome problems that occur in order to improve the quality of learning in
the classroom (Meesuk et al., 2020).

[ Planning |

[ Reflection ][ CYCLEI ][Implementation]

[ Observation |

[ Planming |

[ Reflection ][ CYCLE II ][Implementation]

L ([ Observation ] 4_,

?

Figure 1. Action Cycle based on Kemmis and Mc Taggart

The explanation of the flow above is:
Pre-Cycle

In this activity, observations were made in grade IV of elementary school in Cluster Il Ahmad
Yani Surakarta in the even semester of the 2023/2024 school year, a number of 150 students
with 63 male students and 87 female students.

At the beginning of the research, the researcher takes care of licensing at the intended
school and obtains permission from the school, the researcher conducts research to identify
problems and research learning activities in the classroom, the state and atmosphere of the
school. In carrying out observations and researchers, they also conducted interviews with
several students, students and teachers until the results obtained were close to the same
conditions. The purpose of holding this interview is to unite information about teaching and
learning activities that have occurred so far.

Cycle |
Planning
Planning is the improvement of the concept of action that is essential to advance what is
happening. Planning is made based on real initial observations, therefore the researcher
obtained an overview of the existing difficulties. The activities carried out towards the planning
stage are as follows:
1. Forming a learning improvement plan for the material on changes in the appearance of the
earth and even sky with learning aids.
2. Forming an agenda for the implementation of actions, the implementation of learning
improvements in accordance with the content of the learning scenario to be implemented.
3. Forming research instruments that are to be carried out by peers on the application of
actions. Namely group tasks and individual tasks.
4. Forming test instruments in accordance with the material and learning benefits.
5. Formulate answers for group work assignments and individual tasks.
6. The RPP and the agenda for the implementation of the actions that have been prepared,
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submitted to the principal will apply for approval, as well as the approval of the
implementation of the action, and require guidance and direction on the implementation
of the action.

7. Prepare an observation sheet in the form of an observation sheet of students and educators
along with documentation during the activity.

Implementation

The purpose of the implementation of the action is the implementation of learning
activities that have been determined in the learning implementation plan for the subject of
Natural Sciences, learning Changes in the Appearance of the Earth and the sky. Natural Science
learning in the first cycle is carried out once in accordance with the material that has been
determined. In cycle 1, the provision of material is just invited to read and see pictures that are
already in the book, students are invited to learn by looking at pictures, so that students in
getting lessons understand better as focusing on an image in the book.

Observation

Observation is carried out by observers during the learning method, observing the
implementation of learning, observation is carried out by colleagues to research teacher
activities and research student activities, then the researcher processes data from the
observation sheet filled in by the observer.

Reflection

The reflection of the results of the combined data is then discussed with researchers and
colleagues to understand the success of the implementation of actions in cycle |, when there are
shortcomings, improvements are carried out to cycle Il.

Cycle Il
Planning
The activities carried out at this stage are to prepare for learning improvements based on
the reflection of Cycle | by implementing the following steps:
1. Prepare a plan for the implementation of improvement learning, improvement observation
data, discussion data and improvement evaluation tools.
2. Coordination with colleagues who serve as observers in the process of implementing
numbered head together type cooperatives.

Implementation

The purpose of the implementation of the action for cycle Il is the application of learning
activities that have been prepared related to the learning implementation plan (lesson plan
using image media and observing and trying and practicing the causes of changes in the earth
and moon with simple props (globes, flashlights and balloons) that are easy to get and are
available at school.

Observation

Observation is carried out for observers during learning activities, observing the application
of numbered head together cooperative learning, observation is carried out by peers, then the
researcher edits the data on the observation sheet that has been filled out by the observer and
the results presented have improved compared to the previous cycle.
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Reflection

The results obtained from the results of observation and student learning are collected and
analyzed, so from the results, the researcher can reflect on the results of the observation
whether the activities carried out have improved the quality of the learning process and the
learning achievement of students.

Data Analysis Techniques

The technique used in data collection is by looking for sources and constructed from
interviews and observations. The interview is a method of collecting data, namely conducting
an interview or face-to-face question and answer orally between the questioner and the
respondent in order to get the information needed in the research, while the observation
technique is a method of data collection that is carried out systematically and is carried out
deliberately by observing and recording the phenomenon being researched, observation and
interviews are used to collect data in a structured manner. The use of interviews and
observations is considered sufficient to dig up information data. The method in this article uses
descriptive analysis. Then the data obtained in the form of observation interview results are
analyzed critically and in-depth in order to support proportions and ideas

In processing the data of the writer Using the Triangulation method, this method is a data
collection technique that has the property of combining data collection techniques and existing
data sources. And also, the researcher collects data by the triangulation method, so the
researcher collects data that at the same time tests the credibility of the data, namely checking
the credibility of the data with various data collection techniques and various data sources

The data obtained was processed so that it was able to answer the formulation of the
problem and the purpose of the article Effectiveness of Student Learning Outcomes Through the
Numbered Head Together Method Theme Changes in the Appearance of the Earth and Sky.

RESULTS AND DISCUSSION
Results
Pre-Cycle

The researcher conducted observations for 2 days in Cluster Il Ahmad Yani Surakarta. With
the number of students in each grade IV as many as 150 students consisting of 63 male students
and 87 female students. The homeroom teacher of grade IV plays a role in educating students
to understand the numbered head together method. Some grade IV students still have problems
in learning activities. Likewise, the average learning outcome is still low, which is 64, classical
graduation is only 50%. This is because educators provide material delivery very quickly, have
not used teaching aids, therefore students have not listened or passively and teachers do not
share time or opportunities with students to ask, so that the time to complete the assignment
the results obtained are still below the minimum completeness criteria.

Cycle |

Cycle 1 learning will be held on May 5, 2024. The stages of implementation are in
accordance with the stages in the numbered head together model. At the planning stage, the
activities carried out prepare the concept of cycle 1 learning, educators convey perceptions and
motivations, and goals for learning related to the material to be discussed so that students are
ready to take the material and have a very strong sense of curiosity about the lessons to be
examined. The preliminary activity was followed by core activities. In the implementation of
cycle 1, there was a development of student learning outcomes, although not all students were
complete in learning. As in the figure 2.
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Cycle Il

Cycle 2 learning will be carried out on June 3, 2024. The stages of implementation are in
accordance with the stages in the numbered head together model. Planning The researcher has
prepared a learning improvement plan 2 which is a revision in cycle 1 learning. The instrument
that has been prepared is in the form of a learning improvement plan Il. Researchers have also
provided learning improvement media as well as compiled improvement worksheets for
students and made improvement evaluation tools. In the implementation of cycle 2, there was
an increase in student learning outcomes compared to cycle 1 as shown in the figure below.

90,00%
80,00% 79,00%
70,00%
60,00%
50,00%
40,00%

30,00%

20,00% 21,00%

10,00%

0,00%
Cycle 1 Cycle 2

Figure 2. Comparison of Student Learning Completeness from cycle 1 to cycle 2

Based on figure 3 of the diagram above, cycle 2 students who completed the percentage of
79% of 16 students, experienced an increase in learning outcomes from cycle 1 to cycle 2, while
those who did not complete the percentage were 21% and the score was still below the
minimum completeness criteria. So that the explanation above can be concluded for the average
student from the percentage of completeness of each cycle, the percentage of completeness of
student learning outcomes has increased from cycle 1 by 47%.

Discussion

Based on figure 3, it can be concluded that the learning outcomes of natural sciences
students have increased from cycle | to cycle 2, this shows that the form of numbered head
together learning can improve the learning outcomes of natural science students in grade IV in
Cluster Il Ahmad Yani Surakarta. The average learning result of students in the first cycle was
32%, including in the very low category. In this second cycle, the average result of learning
natural sciences of students who have met the requirements for successful observation has
increased by 47% because the results of students who complete above the minimum
completeness criteria are 135 students (90%) of the total number of students. The significant
increase in learning outcomes in Cycle Il proves that the use of visual media and simple teaching
aids can help students understand abstract concepts in science, in line with the findings that
interactive multimedia and simulations are able to stimulate students' interest and active
involvement (Wibawanto et al.,, 2022). In cycle 2, classical completeness is achieved. This
achievement is because in teaching, educators use numbered head together learning well. The
success of implementing the NHT method also depends heavily on the teacher's ability to
manage learning media systematically, thereby creating a structured yet participatory learning
environment (Roemintoyo & Wibawanto, 2023). The results of this study align with findings in
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other fields of study, where the application of NHT successfully increased classical mastery to
100% on material considered complex. Not only does this model improve learning outcomes, it
has also consistently been shown to increase students' self-confidence, vocabulary mastery, and
ability to express ideas (Fatmawati et al., 2023; Kusuma et al., 2025; Mahmudah & Rasyid, 2022).

From the results of this observation, it is determined that the form of numbered head
together learning has a positive impact on improving student learning outcomes. Students are
more free to convey ideas and opinions together with their peers so that their difficulties quickly
find a way out The application of the numbered head together form of learning makes it easier
for teachers to teach natural science lessons, especially learning about changes in the
appearance of the earth and sky, the equal distribution of material abilities can be achieved in
such a short time, can train students to be more active when trying, Speaking and arguing,
students who are not good at solving problems can be helped to solve problems so that they
can improve learning outcomes in students, students are positively dependent on each other,
provide opportunities for students to cooperate with other groups, students fill in among each
other.

The effectiveness of NHT in improving learning achievement has also been validated in
various other disciplines, including accounting, colloidal chemistry, and reading comprehension
in English. Integration with the Flipped Classroom environment has even significantly improved
student self-efficacy (Afriyeni, 2020; Meiryani et al., 2021; Melati & Hadinugrahaningsih, 2024).
For future development, learning about earth and sky phenomena can also be integrated with
Augmented Reality (AR) technology or simulation-based interactive multimedia to provide a
more realistic visual experience for students (Wibawanto & Maulana, 2025). Various other
comparative and experimental studies confirm that NHT is superior to predictive and traditional
learning techniques in improving students' conceptual understanding and learning outcomes in
both primary and secondary schools (Agustina et al., 2020; Fauzi et al., 2019; Rambe et al., 2023).

CONCLUSION
According to the results of the research and discussion, it can be concluded that the

numbered head together learning method can increase the motivation and learning outcomes
of natural sciences in grade IV at the Elementary School in Cluster Il Ahmad Yani Surakarta. By
applying the numbered head together cooperative learning method, children's absorption of
material changes in the appearance of the earth and sky has increased. It can be proven that
there was an increase in student learning outcomes which was initially in cycle 1 32%, then
increased in cycle Il by 79%.
Based on the conclusion above, the following suggestions can be formulated:

1. ltisbetterforelementaryschoolteachersto use avariety of learning methods. For educators

who teach natural science lessons, it would be good to always have creativity by using the
learning plan given to students; Also try for teachers to pay more attention to students.

2. For students: As a student, it would be nice to be more active and diligent in learning,
including in following the learning process in the form of small study groups because it can
improve the quality of student learning.

3. Forinstitutions: Facilitate proper facilities and infrastructure to support teaching and learning
activities in schools.

CONFLICT OF INTEREST
No conflict of interest for this study.
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ABSTRACT

The changing times require teachers to be more creative in creating learning that is not monotonous
in order to increase student motivation and participation. This research aims to explain the meaning of
learning variation and its role in building an active and interesting classroom atmosphere, identify
variation skills such as teaching style, media, and interaction, and analyze the principles of their use.
This research uses a qualitative approach with a library research method, where data is collected
through document analysis from relevant books and journals. This research synthesizes contemporary
pedagogical innovations, including Al integration and play-based strategies, to provide a
comprehensive framework for creative teaching in the post-pandemic era. The results show that
learning variations have a significant influence in overcoming learning boredom, improving
understanding, and adjusting the learning process to students' diverse learning styles. Teachers who
are able to creatively combine methods, media, and interactions prove more successful in creating a
dynamic and meaningful learning atmosphere. In conclusion, learning variation is not only a teaching
strategy, but also the key to creating a classroom that is inclusive, adaptive and supports the
development of 21st century skills in students.

Keywords: creative teacher, learning motivation, student engagement, teaching strategy, variation of
learning
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INTRODUCTION

The changing times require teachers to be more creative in creating learning that is not
monotonous, especially with the significant impact of artificial intelligence (Al) technology on
modern classroom instruction (Starko, 2021; Steele & Whitaker, 2019). While creativity is
increasingly emphasized in global curricula, the journey to systematically support its promotion
in the classroom remains a complex challenge (Anderson et al., 2021; Patston et al., 2021;
Zielinska et al., 2024). Teachers are required to create learning experiences that excite and
actively involve students. Creativity in a variety of methods, media and interactions is the key to
bringing the classroom to life. Varied learning activities build motivation, a sense of being valued,
and encourage critical thinking skills and cooperation. Educators need to innovate, read
classroom dynamics, and dare to try new approaches. By optimizing existing potential, the
learning atmosphere becomes more enjoyable and meaningful. Through variety, students more
easily understand the material, develop skills, and find their own learning style. The classroom
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turns into an inclusive and empowering space where ideas grow and flourish (Julrissani et al.,
2020). Creativity in education is not merely a teaching technique but an organic philosophy that
must be nurtured to allow students' intuition and academic potential to flourish (Piirto, 2021).

In many parts of the world, the challenge of maintaining student interest in learning is
increasingly evident. Data from the UNESCO Institute for Statistics (2024) recorded a 12%
decline in active student participation in developing countries in the last five years. This
condition shows that the monotonous conventional approach is not able to accommodate the
needs of today's students.

The rigid learning atmosphere often makes students feel bored and uninterested. The
results of the OECD study (2023) found that 47% of students who were not actively involved in
learning had lower academic achievement compared to those who actively participated. This
situation is a serious concern for the world of education that is oriented towards developing
student potential (li & Belajar, 2021). Therefore, self-belief and professional teacher
development are the main foundations in integrating creativity organically in the classroom
(Akbar, 2021; Vorontsov & Vorontsova, 2015).

Variations in learning methods are developing as a strategic step to bring about changes in
classroom dynamics. A teacher who is able to combine various techniques, media and
approaches will find it easier to build a dynamic and fun learning atmosphere (Liu et al., 2024;
Zhao et al., 2017). Through creative combinations, the learning process can be aligned with the
diverse characteristics and individual needs of students. This opens up opportunities for a more
in-depth, personalized, and lasting learning experience. Technology integration is also a form of
variation that has a real impact on the learning atmosphere.

Creative teachers always try to explore a variety of approaches to arouse students'
enthusiasm for learning. Project-based approaches, educational games, experiments, and the
application of gamification elements are part of a series of strategies to bring a more lively,
interactive and memorable classroom atmosphere. Each method applied provides its own color
in the learning process, encourages active student involvement, and fosters curiosity that
continues to grow (Rahma et al., 2024). An adaptive and inclusive learning environment also
affects student development, A classroom atmosphere that respects various learning styles
encourages wider involvement from all students.

Efforts to create variety in learning cannot be separated from the need for teachers to
continue to develop themselves. Participating in training, workshops and sharing good practices
among teachers are ways to enrich insights and skills in managing an active and creative
classroom.

Through the application of learning variations, teachers not only create enjoyable learning
experiences, but also foster 21st century skills in students, such as critical thinking,
communication and collaboration. Teacher creativity is key in shaping a classroom atmosphere
that supports students' intellectual and emotional growth amidst the challenges of the times.

Based on the above background, this study aims to explain the meaning of variation in
teaching and learning and its role in creating an active and interesting classroom atmosphere,
describe aspects of skills in making variations including variations in teaching styles, variations
in teaching media and materials, and variations in interaction, analyze variations in learning
activities through the use of diverse methods and providing examples and illustrations that
support student learning motivation, describe the purpose and benefits of learning variations in
building a dynamic learning environment and encouraging the development of critical thinking
skills and collaboration, and examine the principles of using variations in learning activities so
that teachers can choose and apply approaches that are in accordance with the characteristics
and needs of students.
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METHODS

This study employs a qualitative approach with a systematic library research method.
Qualitative research is an assessment that presents data in descriptive form such as written
words, writings, and even the behavior of the individuals studied (Sundari et al., 2024) This type
of research falls into the category of library research, where the main sources are books and
various literature relevant to the topic of discussion. The data that researchers get comes from
non-human sources. Non-human data sources are obtained from analyzing documents related
to the material discussed in this article, such as: books and journals. The collection procedure is
done by document analysis. Document analysis is carried out by studying book literature and
journal articles related to the material discussed in this article.

To ensure the validity of the findings, a systematic selection process was implemented
based on specific inclusion and exclusion criteria. The inclusion criteria involved: (1) peer-
reviewed articles published within the last five to ten years (2014-2024) to ensure
contemporary relevance; (2) studies focusing on K-12 or higher education settings; and (3)
research specifically discussing teaching variations, classroom engagement, or creative
pedagogy. The exclusion criteria removed documents that did not provide full-text access, non-
English or non-Indonesian languages, and articles that lacked empirical or theoretical depth
regarding classroom interactions.

RESULTS AND DISCUSSION
Definition of variation in teaching and learning

Changes that teachers make to learning activities to overcome student boredom and
increase student engagement and attention during the learning process are known as variations
in teaching and learning. To create a dynamic, interesting and effective learning atmosphere,
teachers must master these basic skills in teaching.

Educators' skills to make variations are needed to attract students' attention and
motivation in the learning process and to reduce the boredom and saturation felt by students
when receiving material delivered by the teacher. Variation is also intended to apply differences
that are made consciously to create different learning experiences (Trisnawati Trisnawati &
Diena San Fauziya, 2024). Variation in the learning process aims to eliminate boredom and
boredom and increase students' motivation and curiosity and encourage their active
involvement in learning. The application of variation in the learning process is also able to
strengthen the active participation of students.

This variation strategy makes it possible to achieve the set learning objectives. Students'
enthusiasm for the subject is an important component that determines learning success. One
way to increase interest in learning is to use various techniques and make adjustments to the
content and characteristics of learning media (Anggrayani et al., 2023).

The use of teaching materials and educational media is very important for the success of
the teaching and learning process in the classroom. Learning media are tools used and assist in
the learning process, increasing the importance of the contact and communication process. One
variation of learning media is the use of various forms of media to present subject matter.
Learning media are usually divided into three categories: visual, audio, and audio-visual.

Aspects of developing variety skills in the teaching and learning process

Variations in teaching style, use of learning tools, forms of interaction, and learning
activities. organize variations in the learning process. This variation aims to prevent boredom,
optimize students' interest in learning and create a more effective and supportive learning
atmosphere. Teachers need to change voice intonation, body position, and combine lecture,
discussion, and practice methods to keep learning dynamic. In addition, the use of media such
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as pictures, videos, or props also plays a role in deepening students' understanding of the
learning content taught.
1. Variety of teaching styles

Teaching style variation is a technique used by teachers or educators to deliver
material to students in different ways so that the learning process becomes more effective
and interesting (Yunus, 2022). Every teacher who is active in learning must have the ability
to apply various learning approaches. In the learning process, teachers often carry out
activities or routines such as entering the classroom, directing students, delivering subject
matter, and then giving homework.

A change in the learning process is to apply many learning variations to achieve
learning objectives. Students often feel bored and unfocused when learning, even though
they have plenty of time. The role of teachers in implementing effective education, which
is different, is to create a learning atmosphere that is able to arouse the interest of learners.
Teachers can do this by creating learning approaches that encourage active interaction and
create positive and enjoyable learning experiences (Peters & Heraud, 2019; Piirto, 2021;
Subhan & Ningsih, 2024).

2. Variety of teaching media and materials

Learning media and teaching materials are two components in education that help
teachers deliver lessons to students. Learning media can be visual, audio, or a combination
of both that function as a means of transferring information or presenting teaching
materials to students. Meanwhile, teaching materials refer to a collection of materials that
are systematically designed to facilitate the learning process of both educators and
students.

Types of Learning Resources: Print learning resources such as textbooks, modules,
handouts, and student worksheets. The most common and most accessible form. Visual
teaching materials, such as pictures, graphs, maps and diagrams, which provide more
detailed explanations. Audiovisual teaching materials, such as learning videos or
educational animations. Digital/interactive teaching materials, such as learning apps, e-
modules and e-learning platforms.

Types of Learning Media: Different types of media are used in learning to match the
different learning styles of students, such as visual, auditory, and kinesthetic. Some types
of learning media are as follows: Visual media: whiteboards, drawings, photographs, or
PowerPoint slides; Audio media: songs, stories, or recorded dialogs that help learning to
hear; and Audiovisual media: learning videos or documentaries. Interactive Media:
computers, learning apps and simulations that allow students to learn actively.

Benefits of Variation in Media and Teaching Materials: There are many benefits of
using a variety of media and teaching materials. Attracts students' attention: Interesting
media can prevent students from getting bored and keep them focused. Improves
understanding: Explaining difficult topics becomes easier to understand with the help of
certain visual or audio tools. Supports a variety of individual learning styles: Every student
has unique learning characteristics. A variety of media can cater to this need. Encourage
independent learning: Students can learn on their own at home with resources such as
learning modules or videos (Dyftania et al., 2023). In the learning process, differences in the
use of media and teaching materials are very important. By choosing the right media and
teaching materials, teachers can increase students' interest in learning, help students
understand the material better, and make learning fun and interactive (Wu et al., 2024;
Veerasinghan et al., 2021; Yusriadi, 2021).

3. Variation of interaction

Interaction variation refers to the way individuals or groups interact with each other

in various social, cultural and environmental contexts. This variation can occur in a variety
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of ways, such as digital interaction, verbal or non-verbal communication (Cremin &

Chappell, 2019; Isawi et al., 2024). Understanding these differences is important as they

can affect relationships between individuals, group dynamics and interaction outcomes.
Different patterns of interaction between educators and students, which include two

sides, namely:

a) Students carry out the learning process independently without direct assistance from
the teacher.

b) Students demonstrate appropriate listening attitudes when teachers communicate
with learners (Prasetyo & Putri, 2025).

Both of the above are possible possibilities. For example, an educator can communicate
with a small group of learners by asking a few questions or curves while talking to individual
learners. They can also create a situation where learners can exchange opinions with each other
through demonstration, demonstration, or discussion. To ensure students' success in achieving
the objectives, this interaction pattern is used to create an interesting and not boring classroom
atmosphere.

Variation in learning activities

Variety in learning activities refers to the variety of methods, media and strategies used by
teachers to create an interesting, non-monotonous learning atmosphere, and according to
students' needs. The aim is to increase students' motivation, participation and understanding of
the subject matter. By presenting variations such as group discussions, simulations, educational
games, use of videos, or independent projects teachers can accommodate different learning
styles and prevent boredom, so that the learning process becomes more effective and
meaningful.

1. Variation in the use of learning methods

An important skill that a teacher must have is a diversity of learning methods. Teachers
can make lessons more interesting and effective by choosing the right approach, such as
varied lectures, question and answer, discussions, presentations or role plays. In this way,
students' interest and attention can increase and they are more engaged and motivated to
learn. Therefore, teachers must be wise in selecting and choosing the right learning
methods to achieve the desired learning objectives. In this way, students will have a better
learning experience and achieve better results (RimahDani et al., 2023)

In addition, a variety of learning methods can also help teachers adapt learning to the
diverse learning needs of students. Since each student has a different learning style, the
application of various learning methods allows teachers to accommodate these differences.
Thus, students can learn more effectively and achieve optimal learning outcomes.

Teachers can use a variety of learning methods to achieve learning objectives. For
example, they can use lecture method to explain complex concepts, discussion method to
encourage discussion and exchange of ideas, or presentation method to present students'
work. By using various methods, teachers can make learning more interesting and effective,
and improve students' understanding of what they are learning.

2. Variation in examples and illustrations
In learning, examples and illustrations are very important because they can
make students more focused and motivated. Students can more easily understand the
subject matter if they use direct examples that are around them and that happen actually.
Direct examples such as pictures, magazines, newspapers, radio news, TV, or events that
occur in the school environment and society can also increase students' motivation and
enthusiasm for learning (Ningsih et al., 2025).
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Thus, teachers can use relevant and actual examples to make learning more interesting and
effective. This can help learners to understand the subject matter better and increase their
learning motivation.

Purpose and benefits of learning variation
Learning variations have several purposes and benefits, among others:

1. Increase students' attention and interest: By making learning variations, teachers can make
the learning process more interesting and fun, thus increasing students' attention and
interest in learning.

2. Meet the different learning needs of students: Learning variations can meet the different
learning needs of students, so that each student can learn better.

3. Increase student participation: By making learning variations, teachers can increase student
participation in learning activities, so that students are more involved and active.

4. Eliminate boredom and boredom: Learning variations can eliminate boredom and boredom
in the learning process, so that students are more excited and motivated to learn.

5. Increase student motivation: Learning variations can increase students' desire to learn and
explore, enhance their passion for learning and increase their motivation to learn.

6. Forming positive student attitudes: By making learning variations, teachers can make
students have a positive view of educators and schools, so that learners appreciate and like
the learning process more.

7. Students learn individually: Learning variations can enable students to learn independently
and more effectively. each student can obtain better learning outcomes (Tinggi et al., 2024).

Diverse learning is essential to produce a more efficient, enjoyable and meaningful
learning process. By using a variety of approaches, teachers can not only attract students'
attention and increase motivation, but they can also accept different learning styles, encourage
active participation, and foster a positive perspective on learning. Learning variation becomes
an important strategy to improve students' learning process and outcomes.

Principles of using variety in learning activities
The Principles of Using Learning Variations are as follows:
1. Using different types of variation: Teachers should use different types of learning variations
to achieve the desired learning objectives
2. Use variation in learning smoothly and continuously: Variations should be used smoothly
and continuously so as not to disrupt the learning process and students' attention.
3. Structured planning: Teachers should plan the use of learning variations in a structured and
flexible manner, so as to adjust to the needs of students.
4. Has a planned direction and purpose: Variations in learning need to be designed with clear
aims and objectives, aligned with learning outcomes and considering the characteristics of
students (Sufiati & Afifah, 2019).

The principles of using learning variation emphasize that diversity, continuity, structured
planning and clear objectives for each strategy applied are essential. In order to keep the
learning process focused and not confuse students, teachers must combine various variations in
a smooth and planned manner. In addition, each variation should have goals that are aligned
with learning achievements and student characteristics, so that the overall learning process is
more effective and better.

Overall, the synthesis of recent literature suggests that the secret of creative teachers in
bringing the classroom to life lies in seven interrelated features of creative pedagogy:
exploration of ideas, granting autonomy, playfulness, problem solving, risk taking, collaboration,
and the teacher's own creativity.
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CONCLUSION

Variation in learning is an important strategy that teachers master to create an active,
interesting and meaningful classroom atmosphere. Through the use of various methods, media,
interactions, and appropriate examples, teachers can provide motivation, participation, and
understanding of students and accommodate different learning styles. The implementation of
planned and sustainable variations helps overcome learning boredom and shape students'
positive attitudes towards learning. Therefore, learning variation is key in providing an effective,
enjoyable learning process that equips students with 21st century skills.

This study provides a theoretical contribution by synthesizing seven key features of creative
pedagogy, such as idea exploration, student autonomy, playfulness, problem solving, risk taking,
collaboration, and teacher creativity as a practical framework for educators. Furthermore, the
study emphasizes that the integration of future technologies such as artificial intelligence (Al) is
not merely a tool but an essential element in modern learning variations to enhance digital
literacy and active student engagement.
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ABSTRACT

Mathematical concepts understanding at the elementary school level is often hampered by the abstract
and lack of contextual nature of the material. This study aims to theoretically analyze the role of
manipulative media in improving mathematical concept understanding and active student
engagement. The method used is a literature study with a descriptive analysis approach to various
academic sources from the last ten years (2015-2025). The findings indicate that manipulative media
functions as a cognitive bridge that transforms abstract concepts into concrete experiences through
tactile and motor interactions. The integration of manipulative media with the Problem-Based Learning
(PBL) model has been shown to improve memory retention, reduce mathematical anxiety, and
strengthen students' problem-solving skills. This study also highlights the transformation of
manipulative media from physical to digital forms, such as GeoGebra and Al-based simulations, which
offer greater flexibility in modern learning. The novelty of this article lies in the complementary
synthesis of physical and digital media within the framework of Piaget's and Vygotsky's constructivist
theories. The conclusion of this study emphasizes that the use of adaptive and innovative manipulative
media is a primary prerequisite for creating meaningful mathematics learning at the elementary school
level.

Keywords: concepts understanding, elementary schools, manipulative media, mathematics learning,
Problem-Based Learning
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INTRODUCTION
From a theoretical perspective, the use of manipulative media in learning aligns closely

with constructivist theories, as proposed by Piaget and Vygotsky, which emphasize the
importance of direct experience and social interaction in children's learning. Practically, the
application of manipulative media, especially when combined with learning models such as
Problem-Based Learning (PBL), can create a more active and collaborative classroom
atmosphere (Dewanti et al., 2025; Muhamad et al., 2021; Setyawati et al., 2023). This is crucial
considering that mathematics is a core subject taught in elementary school (SD) and Islamic
elementary school (MI). The goal is to equip students with the ability to think logically, critically,
analytically, and systematically in dealing with various problems (Raziana & Wibawanto, 2025;
Siyamsih, 2024). However, many students still experience difficulties in understanding
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mathematics due to its abstract nature. This is a big challenge for teachers in delivering material
so that it is easier to understand and interesting for students (Ayyubi et al., 2025; Siregar, 2025).

One of the main factors that causes students to struggle to understand mathematical
concepts is a learning approach that is too teacher-centered and lacks active student
involvement (Muhamad et al.,, 2021; Siyamsih, 2024). Generally, learning is still conducted
through theoretical or symbolic explanations without providing meaningful, hands-on
experiences for students. As a result, students tend to simply memorize problem-solving steps
without understanding the underlying concepts (Ayyubi et al., 2025; Nugroho et al., 2022). This
clearly contradicts the goal of mathematics learning, which should be to develop thinking and
reasoning skills. The weakness of this conventional method is often caused by the use of media
that is not yet integrated with an appropriate learning model. However, the use of manipulative
media and interactive multimedia has been proven to significantly improve students' conceptual
mastery and cognitive learning outcomes (Efendi et al., 2020; Nugroho et al., 2022).

To address the challenges of thinking and reasoning skills, more interactive and concrete
learning methods are needed. One approach is to utilize manipulative media. Manipulative
media are learning aids that students can touch, move, and manipulate to help them understand
abstract concepts more concretely (Ayyubi et al., 2025; Nugroho et al., 2022). Examples include
aids such as number blocks, geometric objects, beads, and various other props relevant to the
material being taught.

Keberadaan media manipulatif dalam pembelajaran matematika terbukti memberikan
banyak manfaat. Selain menjadikan materi lebih mudah dipahami, media ini juga meningkatkan
keterlibatan dan motivasi belajar siswa (Dewanti et al., 2025; Raziana & Wibawanto, 2025).
Dengan berinteraksi langsung dengan objek konkret, siswa lebih terdorong untuk berpikir aktif,
mencoba berbagai pendekatan pemecahan masalah, dan terlibat dalam diskusi kelompok. Hal
ini menjadikan proses pembelajaran lebih bermakna dan menyenangkan bagi mereka.

The use of manipulative media in mathematics learning has been proven to provide
numerous benefits. In addition to making the material easier to understand, this media also
increases student engagement and motivation (Dewanti et al., 2025; Raziana & Wibawanto,
2025). By interacting directly with concrete objects, students are more encouraged to think
actively, try various problem-solving approaches, and engage in group discussions. This makes
the learning process more meaningful and enjoyable for them.

The integration of the Problem-Based Learning (PBL) model with the aid of manipulative
media has proven effective in increasing active student engagement, with both independent and
group participation rates reaching above 91% (Dewanti et al., 2025; Muhamad et al., 2021;
Setyawati et al.,, 2023). Furthermore, the use of this media also plays a significant role in
improving students' arithmetic operations and concrete visual understanding (Ayyubi et al.,
2025; Listrianti et al., 2021; Siregar, 2025).

However, the use of manipulative media must be carried out with careful planning.
Teachers need to adapt the type of media to the material being presented, pay attention to the
students' developmental levels, and design activities that allow students to explore and discover
concepts independently. Inappropriate or excessive use of media can actually disrupt student
focus and hinder student understanding. Therefore, it is crucial for teachers to understand
strategies for using media effectively (Tjandra, 2023; Siregar, 2025).
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Through this study, the author aims to provide a theoretical and practical review of the use
of manipulative media in mathematics learning in elementary schools. The study will cover the
theoretical basis underlying the use of this media, the types of media that can be used, and
effective implementation strategies in the classroom. It is hoped that this paper can serve as a
reference and guide for teachers, prospective educators, and educational researchers in
improving the quality of mathematics learning in elementary schools.

METHODS

This study uses a Narrative Literature Review approach to synthesize theory and empirical
findings regarding the use of manipulative media in mathematics learning in elementary schools.
Unlike a traditional literature review, this approach involves a critical analysis of selected
literature to develop a new framework or strengthen existing theory (Siregar, 2025; Raziana &
Wibawanto, 2025).

The data analyzed is secondary data collected through a systematic search of digital
academic databases. The literature search strategy focused on journal articles published within
the last five years (2020-2025) to ensure the relevance of the data reviewed. Articles were
selected based on their direct relevance to the understanding of mathematical concepts, the
Problem-Based Learning (PBL) model, and the effectiveness of manipulative media in
elementary schools.

The data analysis process was conducted qualitatively using Content Analysis techniques.
The analysis stages included: (1) thematic mapping based on the study focus; (2) critical
comparison between empirical study results; and (3) synthesis of the results to formulate a
strategy for implementing effective manipulative media in darjah rooms. The validity of the
analysis is guaranteed through consistent comparisons between various literary sources that
have varying contexts but have the same substantive focus.

RESULTS AND DISCUSSION

The results of a descriptive analysis of the collected literature indicate that the integration
of media and learning models is key to transforming mathematics education at the elementary
level. The following discussion outlines a synthesis of findings from various empirical studies to
provide a comprehensive overview of the effectiveness of manipulative media.

Theory and Basic Concepts of Manipulative Media

Manipulative media are learning tools that can be directly experienced through touch,
sight, and hearing, and can be utilized in the learning process. These media can be derived from
simple tools or recycled materials. The use of these media allows students to construct
understanding through direct sensory-motor experiences, thus facilitating the transition from
abstract thinking to clear visual representations (Ayyubi et al., 2025; Nugroho et al., 2022). These
media are not limited to manufactured tools but also include various objects in the surrounding
environment that can be modified to suit the instructional needs of the class.

The use of manipulative media requires an appropriate approach and in-depth
understanding from the teacher. The teacher's role is not only to explain but also to be able to
demonstrate the use of these media effectively. Furthermore, it is important to consider the
students' developmental level to ensure that the media used is truly appropriate for their
thinking stage (Sucahyo et al., 2024).

These concrete media can stimulate students' thinking processes according to their ability
level, thereby increasing the effectiveness of mathematics learning. The use of manipulatives
also helps students build understanding through direct experience, rather than simply
memorizing or abstract theories. Thus, manipulative media can bridge the gap in overcoming
mathematics learning difficulties and support gradual and meaningful concept formation.
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Similarly, Santrock (2022) emphasized that manipulative media must be tailored to students'
knowledge levels and delivered through a concrete approach, particularly in elementary school,
to facilitate student comprehension. Implementing these media has also proven effective in
improving students' gross and fine motor skills through structured manipulative play activities
(Dewi & Verawati, 2021).

The Influence of Manipulative Media on Mathematical Concept Understanding

Conceptual understanding is a fundamental aspect of quality mathematics learning. A
student is said to have understood a concept if they can explain, apply, and illustrate the concept
in various situations (Kirana & Nur, 2022). However, many elementary school students
experience difficulty understanding mathematics because their understanding is too abstract
and lacks context. In this case, the use of manipulative media can be an effective approach to
address these difficulties and improve students' understanding of mathematical concepts
through concrete, active, and enjoyable learning experiences (Akmalia et al., 2021; Ayyubi et al.,
2025).

Manipulative media refers to concrete learning aids that can be used directly by students
to explore mathematical concepts. By directly touching, moving, and manipulating objects,
students can build understanding through real-world experiences. This approach aligns with the
constructivist view, which states that students construct knowledge through active interaction
with their surroundings. Manipulative media bridges the gap between abstract concepts and
concrete learning experiences, making learning easier to understand, more meaningful, and
more relevant to the real world students experience in their daily lives (Cahyono et al., 2024).

Various studies have shown that mathematics learning supported by manipulative media
significantly improves conceptual understanding. Students who learn using concrete tools tend
to more easily understand the relationships between concepts and are able to relate the
material to everyday life (Sundari, 2016). Furthermore, student retention or memory of the
material also improves, as concepts are acquired through a process involving the senses and
motor skills. The use of interactive animation media such as Powtoon can also be combined to
strengthen the visualization of concepts learned through physical media (Akmalia et al., 2021).
The use of this media can also reduce anxiety in math lessons, as students feel more confident
exploring concepts through hands-on activities involving the senses and movement. This allows
them to focus more on the process of understanding rather than fearing mistakes. Ultimately,
they are able to gradually build conceptual mastery and increase their motivation to learn in a
more enjoyable and less boring environment.

The use of manipulative media has also been shown to increase students' active
participation in the learning process. By engaging directly, students are encouraged to ask
questions, discuss, and solve problems with their peers. In this process, the teacher acts as a
facilitator, guiding and guiding students so that the concrete experiences they gain can be
processed into a comprehensive understanding. Therefore, teachers need to be skilled in
selecting appropriate media and adapting them to the students' cognitive developmental stage
(Rahmawati et al., 2023).

Overall, manipulative media plays a significant role in helping students understand
mathematics more deeply. These media not only present material in a concrete form but also
foster logistical and analytical thinking skills, which are crucial in mathematics learning
(Bangkirai, 2016). Therefore, the use of manipulative media should be an integral part of
innovative, enjoyable, and student-centered learning strategies, particularly at the
elementary/Islamic elementary school level. At this stage, students are in the concrete
operational cognitive development phase, according to Piaget's theory, which requires
extensive direct experience in understanding abstract concepts such as those in mathematics
lessons (Noverita, 2019).
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Student Engagement and Problem-Solving Skills Development

Student engagement plays a crucial role in developing critical thinking, the ability to
evaluate information, and problem-solving skills. When students are actively involved in the
learning process, they tend to demonstrate greater responsibility for their learning, are better
able to understand context and formulate problems, and can effectively apply various problem-
solving strategies. According to Fredricks, Blumenfeld, and Paris (2024), student engagement
can be viewed across three main dimensions: behavioral, emotional, and cognitive engagement.
Behavioral engagement is characterized by students' active participation in learning activities
(Musa'ad et al.,, 2024). Meanwhile, emotional engagement refers to students' affective
responses to teachers, classmates, and learning materials. Cognitive engagement describes
students' intellectual efforts in deep thinking and the use of higher-order learning strategies.
These three dimensions synergistically support the development of higher-order thinking skills,
including problem-solving.

To increase student engagement while developing their problem-solving abilities, a number
of learning approaches can be implemented. One approach is Problem-Based Learning (PBL),
which involves students working in groups to analyze and solve real-life problems relevant to
their lives (Adolph, 2016). Furthermore, the Active Learning approach is also effective because
it encourages students to engage in interactive activities such as discussions, experiments,
simulations, and case studies that stimulate critical thinking and problem-solving skills (Putri et
al., 2024). Another approach is Project-Based Learning, which challenges students to complete
real-life projects collaboratively, creatively, and innovatively, while simultaneously seeking
solutions to complex problems. Cooperative learning models such as mind mapping can also be
integrated with manipulative media to help students organize their conceptual understanding
systematically (Rahmawati et al., 2023). Overall, these approaches not only increase student
engagement in the learning process but also strengthen problem-solving skills, which are crucial
for facing real-world challenges.

Analysis of Problem-Based Learning with Manipulative Media

Problem-Based Learning (PBL) is an instructional approach that emphasizes student active
participation in solving real-life problems. In this model, students act as the primary subjects of
learning, exploring, investigating, and discussing to find solutions. PBL encourages collaboration
among students and fosters critical and analytical thinking skills, as students not only receive
material but also construct their knowledge through the problem-solving process (Hidayat,
2022).

Meanwhile, Manipulative media refers to learning aids that students can touch and operate
directly, such as blocks, concrete objects, or three-dimensional visual models. These media serve
to facilitate the understanding of abstract concepts in a more tangible way, especially for
elementary to secondary students.

When the PBL approach is implemented with manipulative media, the learning process
becomes more lively and effective. Through physical and visual activities with aids, students not
only utilize cognitive abilities to solve problems but also develop their motor and sensory
aspects. The use of this media also increases student engagement from an emotional,
behavioral, and mental perspective, as they actively interact, experiment, and evaluate various
alternative problem-solving approaches. Collaboration and reflection are also important parts
of their learning experience.

Addressing the need for practical guidance, the following is a concrete example of teaching
the concept of "Fractions" using PBL and Manipulative Media (Dewanti et al., 2025; Nugroho et
al., 2022): (1) Problem QOrientation: The teacher presents a problem involving dividing martabak
(a type of pancake) into four equal parts; (2) Learning Organization: Students are given a
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manipulative media, a "fraction plate" or circular origami paper; (3) Investigation: Students
physically cut the media into four equal parts to find the value of %; (4) Result Development:
Students attach the pieces to the board and explain their relationship to the numerator and
denominator; and (5) Evaluation: The teacher reinforces the concept that fractions are part of a
whole, based on the students' physical experiences.

However, implementing PBL with manipulative media presents several challenges.
Structured planning, adequate tools, and teacher competence in managing open and flexible
learning are required. Furthermore, because these activities often require more time, efficient
time management is crucial. Nevertheless, numerous studies have shown that the combination
of PBL and manipulative media has a positive impact on students' conceptual understanding,
critical thinking skills, and learning motivation (Adar Bakhsh Baloch, 2017).

The Role of Technology in the Use of Manipulative Media

Technology plays a significant role in developing and enhancing the use of manipulative
media in learning activities. With the advancement of the digital world, manipulative media now
takes the form of not only physical tools such as blocks or real objects, but has also evolved into
virtual manipulative media that can be operated through digital devices such as computers,
tablets, and smartphones (Utami, 2022).

Technological advancements have transformed manipulative media from physical to
digital, enabling students to learn abstract concepts in a more interactive and flexible way
(Aboraya, 2021). In mathematics learning, for example, students can utilize platforms like
GeoGebra or the Math Learning Center to dynamically explore topics such as geometry, algebra,
and statistics (Widianita, 2023). These digital manipulative media not only mimic the experience
of using physical tools but also include additional features such as animation, visual changes,
and simulations, making learning more engaging. The use of software like GeoGebra has proven
effective in transforming abstract objects into interactive visual representations (Siregar, 2025).
Students can freely set parameters, observe results directly, and explore various solutions, thus
increasing their engagement and motivation to learn.

On the other hand, digital manipulative media excels in accessibility and flexibility. Students
can access them anytime and anywhere, supporting both online and blended learning. Features
such as screen readers, display magnification, and touch controls also help students with special
needs learn more inclusively (Tjandra, 2023). This technology also supports collaborative
learning; students can collaborate online on problem-based tasks using digital manipulatives,
even from different locations.

It is important to note that physical and digital manipulative media are complementary in
the context of PBL. Physical media build students' early sensory intuition through tactile
manipulation, while digital media expands these physical boundaries through dynamic
simulations that enable limitless exploration (Siregar, 2025). However, in rural elementary
schools in Indonesia, infrastructure challenges such as weak internet signals and limited device
availability remain major barriers to the implementation of digital media (Tjandra, 2023).
Therefore, teachers in rural areas are encouraged to be more creative in developing
manipulative media from natural or recycled materials as a practical solution.

For educators, the use of digital manipulative media is very helpful in the learning planning
and evaluation process. Many applications already provide automatic data on student activity,
such as recordings of interactions, levels of difficulty encountered, and student-chosen problem-
solving strategies (Hutauruk et al., 2022). Furthermore, the development of artificial intelligence
(Al)-based manipulative tools in the future (2024-2025) is predicted to provide more
personalized, adaptive feedback tailored to each student's learning patterns (Raziana &
Wibawanto, 2025; Siregar, 2025).
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The novelty of this study lies in the integrative synthesis of the PBL model, the use of
physical manipulative media, and the transformation to Al-based digital media within a unified
theoretical framework. Unlike previous studies that focused solely on one aspect, this article
emphasizes the complementary relationship between physical tactile experiences and digital
exploration to address the cognitive challenges of elementary school students. Furthermore,
this study provides specific solutions to educational challenges in rural areas by emphasizing the
adaptation of local media, supported by robust theoretical analysis (Levitskaya & Fedorov,
2021).

Future research should further explore the effectiveness of using Augmented Reality (AR)
as a bridge between physical and digital manipulative media in real-time in the classroom.
Furthermore, broader field experiments are needed to test the adaptation model of
manipulative media in areas with technological limitations to ensure equitable distribution of
the quality of mathematics learning across Indonesia. Evaluating teachers' digital competence
in operating Al-based manipulative media is also a crucial area that requires further in-depth
study.

CONCLUSION

The use of manipulative media in mathematics learning at the elementary school level has
been proven to significantly improve student conceptual understanding, engagement, and
critical thinking and problem-solving skills. The abstract nature of mathematics often presents a
barrier for students, especially when conventional learning methods are used with minimal
interaction. Manipulative media, both physical and digital, bridge this gap by providing concrete,
contextual, and enjoyable learning experiences. The use of technology also expands access and
effectiveness of manipulative media, particularly in the context of digital and inclusive learning.

However, the effectiveness of manipulative media utilization depends heavily on careful
planning, appropriate media selection, and the teacher's ability to facilitate the learning process.
Therefore, teachers need to have a good understanding of student characteristics, learning
materials, and innovative learning strategies. With the support of the right approach and optimal
use of technology, manipulative media can be a strategic solution to improve the quality of
mathematics learning in elementary schools in a holistic and sustainable manner.
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ABSTRACT

Early Childhood Education has a vital role in the holistic development of children, including cognitive,
social, emotional and motoric aspects. However, traditional learning approaches are often less
effective in accommodating these developmental needs. To overcome this problem, the BERAKSI
(Playing, Creating, Discussing and Cheerful) Learning Model was developed as an innovation that aims
to increase involvement and optimal development of young children. This research will discuss the
implementation of the BERAKSI Learning Model which can optimize the development of early
childhood in cognitive, social, emotional and motoric aspects. The aim is to develop and implement the
BERAKSI Learning Model to optimize the holistic development of early childhood. This research uses a
qualitative approach with a case study method. Data was collected through observation, interviews
and document analysis in several early childhood schools. Data analysis was carried out thematically to
identify patterns and effects from applying this model. The research results show that the BERAKSI
Learning Model is successful in increasing children's involvement in the learning process, improving
cognitive, social and emotional abilities, and creating a pleasant learning atmosphere. Teachers who
have been trained are able to implement this model well, and the curriculum developed supports the
success of the BERAKSI model. The implications of this research indicate that the BERAKSI approach can
be adopted more widely in early childhood education in Indonesia. The proposed solutions include
teacher training, development of appropriate curricula, provision of supporting facilities and resources,
as well as ongoing evaluation to adjust learning strategies. With these steps, the BERAKSI Learning
Model is expected to have a significant positive impact on the holistic development of early childhood.

Keywords: early childhood, holistic, in action, learning model
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INTRODUCTION

Early Childhood Education (ECE) plays a crucial role in supporting children's holistic
development, including cognitive, social, emotional and motoric aspects (Sahu & Kumar Singh,
2023; Ukamaka, 2023) In this phase, children experience rapid growth and are very sensitive to
the environment and learning experiences provided (Baten et al., 2023)Therefore, an interactive
and fun learning approach is essential to facilitate their exploration, creativity and learning.
However, many traditional learning models tend to focus on theory-based teaching, which is
often less effective in meeting children's overall development needs (Reed et al., 2023; Romito
et al., 2021; Vinokur et al., 2023). Conventional learning models often cannot accommodate the
various ways children learn and interact with the world around them (Mann et al., 2021; Smith
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et al., 2022; Sukackeé et al., 2022). This can result in dissatisfaction, boredom, and even a
decrease in children's motivation to learn. This situation shows the importance of innovation in
learning methods that can integrate various activities that support all aspects of children's
development (Kwangmuang et al., 2021; F. Parker, 1999; R. Parker et al., 2022; Weber & Greiff,
2023). For example, approaches that involve play, art, discussion, and physical activity give
children the opportunity to learn while having fun. The BERAKSI Learning Model offers solutions
with an approach that includes play, creativity, discussion and fun. By involving children in
relevant and interesting activities, early childhood education can create learning experiences
that are not only educational but also fun (Keung & Fung, 2021; Pienimaki et al., 2021; Rahiem,
2021). This not only supports their optimal development but also builds a strong foundation for
future learning. Through this innovative and comprehensive approach, ECE can play a more
effective role in preparing children to face the challenges of later life.

The BERAKSI (Play, Create, Discuss and Cheerful) Learning Model is an innovative approach
designed to meet the holistic development needs of early childhood. Given the importance of
this developmental phase, this model focuses on four main activities that are believed to provide
optimal stimulation for children. First, play activities are the core of this model. Playing is not
only fun, but also serves as an effective learning tool (Zeng et al., 2020). Through play, children
can develop fine and gross motor skills, while stimulating their cognitive abilities (Behnamnia,
Kamsin, Ismail, et al., 2020a). They learn to solve problems, adapt to new situations, and
understand basic concepts, such as numbers and colors, through hands-on experience (Cankaya
et al., 2023; Shi et al., 2023). Games also teach children about cooperation and sharing, which
are important foundations of social interaction. Second, creative activities, such as drawing,
painting and making crafts, encourage children to explore their imagination and creativity
(Kizilaslan et al., 2021; Rizzi et al., 2020). In this process, children learn to express ideas and
emotions, while developing critical thinking skills. These activities not only support creativity,
but also provide a sense of accomplishment when children see the results of their work, which
contributes to increased self-confidence (Capron Puozzo & Audrin, 2021; Rizzi et al., 2020)

Third, discussion activities invite children to engage in conversation and collaboration with
peers. Discussions help train children's social and communication skills, including the ability to
listen and respect other people's opinions (Reith-Hall & Montgomery, 2023). It also gives them
the opportunity to learn to think critically and convey their ideas with confidence (O’Flaherty &
Costabile, 2020). This ability is very important in building positive social relationships in the
learning environment and outside of school (Molina Roldan et al., 2021; Wang & Hofkens, 2020).
Fourth, the cheerful aspect of this model ensures that children learn in a fun and stress-free
atmosphere. A cheerful learning atmosphere increases children's motivation and enthusiasm for
participating, and helps reduce any anxiety they may feel (Liu et al., 2022; Ozhan & Kocadere,
2020; Printer, 2023). By creating positive learning experiences, this model not only supports
academic development but also children's mental and emotional health.

The BERAKSI Learning Model integrates various activities that support each other, creating
a holistic and effective learning environment, and giving children the tools they need to develop
optimally in various aspects of life (Green et al., 2020; Koul & Nayar, 2021). With this approach,
it is hoped that children can have an enjoyable educational experience, preparing them for
future challenges. The BERAKSI approach not only provides a fun learning environment, but also
integrates a variety of learning methods designed to increase children's engagement and
maximize their potential (Behnamnia, Kamsin, Ismail, et al., 2020; van der Oord & Tripp, 2020).
By utilizing various types of activities, this approach provides a comprehensive learning
experience, allowing children to participate actively in the educational process (Wen, 2021).
Through a combination of play, creativity and discussion, children not only gain academic
knowledge, but also social and emotional skills that are important for their development.
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One of the key aspects of this approach is its ability to adapt learning methods to different
learning styles among children. Each child has his own uniqueness and way of absorbing
information, therefore, the diversity in activities offered can meet the needs of each individual
(Orson et al., 2020; Xia et al., 2022). For example, children who prefer to move can be more
involved in play activities, while children who tend to think creatively will enjoy creative
activities. In addition, a cheerful and positive learning environment contributes to reducing
stress and anxiety, which often become obstacles for children in learning (Attanasio et al., 2022;
Carlier et al., 2020) When children feel comfortable and happy, they are more open to learning
and exploring new things. This supportive atmosphere helps children feel valued and accepted,
creating a strong foundation for their self-confidence and independence.

The importance of this model is increasingly felt considering the crucial role of early
childhood education in forming the basis of children's character and abilities in the future
(Behnamnia, Kamsin, & Ismail, 2020) Education at an early age is not only about transferring
knowledge, but also about building values, habits and skills that will equip children to face life's
challenges (D’Angelo et al., 2022). With the BERAKSI approach, it is hoped that children can grow
and develop optimally, both in terms of cognitive, emotional, social and physical (Kuzik et al.,
2020). This is not only an investment for the present, but also for a better future, where children
can become independent, creative individuals and able to contribute positively to society.

In this research, it is discussed that the implementation of the BERAKSI Learning Model can
optimize the development of early childhood in cognitive, social, emotional and motoric aspects.
The aim is to develop and implement the BERAKSI Learning Model to optimize the holistic
development of early childhood, including cognitive, social, emotional and motoric aspects. The
BERAKSI Learning Model offers an integrative and holistic approach that integrates play,
creativity, discussion and cheerful activities, which has not been widely implemented in the
context of early childhood education in Indonesia. This approach focuses on developing all
aspects of the child, creating a learning experience that is not only fun but also educational. In
an educational context that often still relies on traditional methods, the existence of this model
becomes very relevant. Through play activities, children can learn in a natural and fun way, while
being creative provides space for them to express their imagination and creativity. Discussions
help hone communication and collaboration skills, which are important for their social
development. Cheerful activities ensure the learning atmosphere remains positive, reduce
stress and increase children's motivation.

Although there are several initiatives aimed at implementing interactive methods, the
BERAKSI Learning Model promises more comprehensive integration. By combining various types
of activities that complement each other, this approach can address children's diverse
developmental needs. It is hoped that the implementation of this model can improve the quality
of early childhood education in Indonesia, providing a strong foundation for their future
development. Through wider implementation, the BERAKSI Learning Model has the potential to
create a generation of children who are more creative, independent, and able to adapt to
changes in the environment around them.

METHODS
Types and Research Approaches

This research uses a type of qualitative research with a case study approach (D’Angelo et
al.,, 2022; Dawson R. Hancock, 2021; Farquhar et al., 2020; Kuzik et al., 2020). A qualitative
approach was chosen because the main aim of the research was to understand in depth how
the BERAKSI Learning Model was implemented and how it affected early childhood
development. Through this method, researchers can explore nuances and context that cannot
be measured with quantitative data. The case study was chosen because it allows researchers
to conduct a detailed exploration of several early childhood education institutions that
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implement the BERAKSI model. By selecting various locations and situations, this research can
capture the dynamics and complexity that arise in the real context of early childhood education
(Cleland et al., 2021). Each early childhood school has unique characteristics that influence the
implementation of this model, including social, cultural, and economic background.

With this method, researchers can collect data through in-depth interviews with teachers,
parents and early childhood education management, as well as direct observation of the
learning process. The data obtained will provide insight into the effectiveness of the model in
increasing children's engagement and supporting their development. In addition, this approach
also allows researchers to identify challenges and solutions encountered in implementing the
model, providing a valuable contribution to the development of early childhood education
practices in Indonesia. Through this research, it is hoped that best practices will be revealed that
can be applied more widely in the context of other early childhood education schools.

Population or research Sample

The population of this research is all early childhood education schools in Indonesia that
implement the BERAKSI Learning Model. However, due to limited time and resources (Skivington
et al., 2021). The research samples were taken by purposive sampling with the criteria, namely
ECE that had implemented the BERAKSI Learning Model for at least one semester, PAUD that
were willing to participate in this research, and ECE that had various socio-economic
backgrounds to ensure data diversity. From these criteria, three were selected. ECE located in
large cities, medium cities and rural areas, can provide a more comprehensive picture of the
application of the BERAKSI model in various contexts.

Method of collecting data

The data in this research was collected through three main methods: observation,
interviews, and document analysis (Dalglish et al., 2021; Morgan, n.d.). Observations were
carried out to see directly how the BERAKSI Learning Model was implemented in the classroom.
Researchers observed playing, creating, discussing and cheerful activities carried out by children
as well as interactions between teachers and children during the activities. This observation was
carried out systematically using an observation guide that had been prepared previously.
Interviews were conducted with teachers, school principals and parents to obtain their
perspectives regarding the implementation of the BERAKSI Learning Model and its impact on
children's development. These interviews were semi-structured, allowing the researcher to
explore topics that emerged during the interview as well as ask follow-up questions to obtain
more in-depth information. And the documents analyzed include the curriculum, learning
implementation plans, child development records, and evaluation reports. This document
analysis aims to understand how the BERAKSI Learning Model was designed and implemented
in writing as well as to verify the findings from observations and interviews.

Data analysis

Data analysis in this research was carried out thematically with the following steps, namely:
Data from observations, interviews and document analysis were collected and categorized
according to source and type (Dawson R. Hancock, 2021; Jain, 2021). Then the data that has
been collected is then reduced by selecting, focusing, simplifying and abstracting the raw data.
Data reduction is carried out to filter information that is relevant and significant to the research
objectives. The reduced data is arranged in the form of matrices, tables and descriptive
narratives to facilitate further analysis. Presenting this data helps researchers see patterns,
relationships and findings that emerge from the data. After the data is presented, the researcher
interprets and draws conclusions based on the findings that emerge. This process involves
verifying findings by triangulating data from various sources to ensure the validity and reliability
of research results (Surucu & Maslacki, 2020). Finally, the conclusions and research findings are
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then compiled in the form of a systematic report, explaining how the BERAKSI Learning Model
is implemented, its impact on children's development, and the implications and
recommendations for further development. With this approach, it is hoped that research can
provide a comprehensive and in-depth picture of the application and effectiveness of the
BERAKSI Learning Model in early childhood education.

Research Instrument

In this research, various instruments were used to collect the necessary data. These
instruments are designed to ensure the data obtained is complete, accurate and relevant to the
research objectives (Bhat & Huang, 2021; Ly et al.,, 2020).The following are details of the
instruments used:

1. Observation Guide
An observation guide is used to assist researchers in recording activities and interactions
during the implementation of the BERAKSI Learning Model. This guide includes indicators related
to the four components of BERAKSI (Playing, Creativity, Discussion and Cheerfulness), as well as
aspects of child development that are observed (cognitive, social, emotional and motoric). This
guide covers:
Table 1. Observation guide indicators

No Activity
Play Get creative Discuss Cheerful
Types of creative ) . . . .
1 Game type vp o Discussion topic Class situation
activities
2 Child participation Child involvement Communication skills Children's happiness
Interaction with Demonstrated . L S .
3 . . Child participation Positive interactions
peers innovation
A . How teachers facilitate  Children's responses to
4 Creativity in play Children's work P

children fun activities

2. Interview Guide

The interview guide was designed to obtain in-depth information from teachers, school
principals and parents regarding the implementation of the BERAKSI Learning Model and its
impact on children. This guide includes semi-structured questions, allowing flexibility in
exploring respondents' answers (Xiao, 2020; Zhang, 2019). Questions in this guide include:

Table 2. Interview guide instruments

Teacher Parental

No Question .
evaluation assessment

1 How do you implement the ACTION Learning Model in the
classroom?

2 What challenges did you face in implementing this model?

3 How do you see children's development in cognitive, social,
emotional and motoric aspects after implementing the BERAKASI
model?

4  What do teachers and parents think about this learning model?

3. Document Analysis Checklist

The document analysis checklist is used to assess the curriculum, learning implementation
plans, child development records, and evaluation reports related to the implementation of the
BERAKSI Learning Model. This checklist includes elements that must be present in these
documents, such as:
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Table 3. Document analysis guide

Assessment
No Statement In Itis notin
accordance accordance with

1 Curriculum alignment with the BERAKSI model.

2 Details of play, creativity, discussion and fun activities in

the lesson plan.

Child development indicators in development records.

4 Evaluation results of the implementation of the BERAKSI
model.

w

4. Evaluation Questionnaire

Evaluation questionnaires are used to collect quantitative data from teachers and parents
regarding the effectiveness of the BERAKSI Learning Model. This questionnaire contains
statements that must be answered using a Likert scale (for example, strongly agree, agree,
neutral, disagree, strongly disagree). statements in this questionnaire include:

Table 4. Evaluation questionnaire guide

Assessment
SS S N TS STS

No Statement

My child showed an increase in abilities in aspects of child development
after following the BERAKSI model

2 My child is more active and creative in learning activities at school.

Teachers are able to integrate play, creativity, discussion and cheerful
activities in daily learning.

| am satisfied with my child's social and emotional development since
implementing the BERAKSI model.

RESULTS AND DISCUSSION
Results

By using these various instruments, researchers can collect comprehensive and in-depth
data regarding the implementation of the BERAKSI Learning Model and its impact on early
childhood development. The combination of qualitative and quantitative data will provide a
better and more comprehensive understanding of the effectiveness of this model. The results
of research regarding the implementation of the BERAKSI Learning Model in the three ECEs
studied showed a significant positive impact on early childhood development. These findings
were obtained from analysis of data collected through observation, interviews and document
analysis.
1. Implementation of the BERAKASI learning Model

Field observations show that play, creativity, discussion and cheerful activities are
implemented consistently in the three ECEs. Play activities, such as group games and creative
games, encourage children to interact with each other, develop children's developmental
abilities, and solve problems collaboratively. Creative activities, such as drawing and making
crafts, give children the opportunity to express themselves and practice soft skills. In discussion
activities, children are involved in group discussions which facilitate their communication skills.
Teachers use open-ended questioning methods to stimulate critical thinking and collaboration
among children. Playful activities, such as singing and dancing, create a fun learning atmosphere
and reduce stress, allowing children to be more focused and engaged.
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Table 5. Observation results of model implementation

. Assessment  Pembina Ujung Bulu Al Uswah State Melati Private
Activity . . . .

Indicators State Kindergarten Kindergarten Kindergarten
includes simple word guessing story-based games, as
puzzle activities, activities, group well as group activities
memory games, games such as snakes  such as building

Game tvpe building blocks, role and ladders, drawing together with blocks.
P playing with dolls, and painting, and outdoor games with
and outdoor games physical games such as hide and seek and
such as jump rope running and catchinga playing slides and
and ball. ball. playing ball
active involvementin . .
L involvement in more
play activities complex physical pla involvement in
Child Children participate . p . i play S
S L activities such as activities inside and
participation enthusiastically, . . .
running and catching a outside the classroom
learn to share, work ball
together
Play . . . . involves collaboration
involves sharing toys, includes working
. . on strategy game
and working together together in group } L
Interaction in group activities ames, joint projects projects, and activities
) group ’ games, | PrOJEEES,  that develop their
with peers which helps develop  which strengthen their .
. . . . L social, problem-
children's social skills  communication and .
. . solving, and
and empathy. collaboration skills. . .
communication skills.
involves construction .
. collaborative . -
play, and simple o . art project activities,
. . activities, and science .
experiments, which . . which encourage
S experiments, which . . .
Creativityin  encourage . , children to imagine,
. .o develop children's
play imagination, problem . o .\ collaborate and
- imagination, critical
solving, and L. . express themselves
. L thinking skills, and
innovation in . , freely.
. innovation.
children.
collage art, drawing .
. . . . . group art projects,
drawing, coloring, with various media, .
. . . . role-play creation,
making simple crafts, making craft projects . .
. creative science
Types of and role playing, all from recycled .
. . . . experiments, and
creative of which encourage materials, and musical .
. . . o . poster design,
activities children's activities, which . . ,
. L . . . encouraging children's
imagination and stimulate children's .
. . . collaboration and self-
creative exploration.  creativity and .
. . expression.
innovation.
. . ... participation in group  collaboration on art
Get active participation in . . > . .
. . projects, discussion of  projects, active
creative games, drawing, and S C
s activities, as well as participation in role-
. group activities, . . .
Child . artistic exploration, playing, and group
. where they interact, L . . .
involvement which increases self- discussions, which
share, and learn to . . .
. confidence and the develop their social,
collaborate with - -
. ability to work communication, and
friends. . . - .
together with friends.  creativity skills.
using simple reflected in creative seen in the creation of
Demonstra- . . . . .
ted materials for crafts, experimentation with  original role plays, the
. . creating imaginative art materials, incorporation of
innovation

play, and expressing

incorporation of story

simple technologies in
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. Assessment  Pembina Ujung Bulu Al Uswah State Melati Private
Activity . . . .

Indicators State Kindergarten Kindergarten Kindergarten
new ideas while role- elements in play, and art projects, and the
playing. collaboration on exploration of new

unique and engaging concepts in
group projects. collaborative activities.
includes creative
collaborative posters, original
colorful pictures, paintings, crafts from scripted mini-theatres,
Children's creative crafts using recycled materials, and collaborative art
work simple materials, and and art projects with projects, showcasing
collages. imaginative themes, innovation,
reflect creativity collaboration, and self-
expression
favorite stories, pets, holiday experiences, .
. . . covers environmental
play experiences, and hobbies, favorite book . .
. . . issues, fantasy stories,
Discussion environmental characters, and art .
. . L . extracurricular
topic themes, encouraging  activities, which L .
. . . . activities, and learning
children to share stimulate children's .
. . L . experiences at school.
their opinions communication skills.
. through grou .
They share stories, . g. group . They express opinions,
. discussions, sharing . .
Communicat ask for help, and . discuss in groups, and
. . . . . opinions about . .
ion skills interact with friends s participate in role-
while playin activities, and layin
playing. explaining their ideas. playing.
seen in group
group activities, such discussions,
Discuss active involvement in  as art projects and collaborative projects,
Child games where they team games, where and theater activities,
articipation interact, share and they collaborate, where they actively
P P learn with friends share ideas, and contribute, share
enthusiastically. actively engage inthe  ideas, and work
learning process. together to achieve
common goals.
ask open questions, organizing small
allow time to talk, invite them to share groups, using visual
How encourage all experiences, ask aids, encouraging
teachers children to thought-provoking critical questions, and
facilitate participate, and questions, and create  providing
children create a safe a supportive space for  opportunities for each
atmosphere for communication. child to speak and
sharing opinions. share ideas.
interactive and
. . dynamic and creative,  collaborative, filled
filled with fun, ynami .
. with children engaged  with group
colorful decorations, . . . .
in group projects, discussions, art
sounds of laughter, > . . .
o active discussions, and  projects, and theater
Class and play activities, s . . .
cheerful ) . . art activities, creating  activities, creating an
situation creating a warm and

safe environment for
children to learn and
develop.

a learning
environment that
supports exploration
and collaboration

environment that
supports creativity,
communication, and
cooperation among
children.
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Activit Assessment Pembina Ujung Bulu Al Uswah State Melati Private
¥ Indicators State Kindergarten Kindergarten Kindergarten
This can be seen visible from smiles, .. .
. . visible from active
from cheerful enthusiasm in e
. o participation in
laughter, enthusiasm  participating in group . . .
. . L discussions, joy when
in playing, and activities, and collaborating on art
Children's enthusiasm for enthusiasm in art . &
. . . . . projects, and
happiness learning, reflecting projects, reflecting a . .
. . . satisfaction when
an environment that  learning environment .
. . expressing oneself,
supports their that supports social . .
. . . creating a positive
exploration and interaction and .
. L learning atmosphere.
curiosity. creativity.
This can be seen . This can be seen when
This can be seen when
when they share they collaborate on art
. they work together on . .
toys, help friends, . projects, discuss
lay roles together group projects, share respectfully, support
Positive play g ! ideas in discussions, P ¥, supp

interactions

and encourage each
other, creating an
environment that
supports friendship
and cooperation.

help each other in
activities, and show
empathy and support
for friends.

each other in theater
activities, and show
empathy and
appreciation for their
friends' contributions.

Children's
responses to
fun activities

Fun activities are
demonstrated
through cheerful
laughter, high
enthusiasm, active
participation, and
great curiosity,
creating a positive
and joyful learning
atmosphere.

Fun activities are
demonstrated through
enthusiastic
engagement, big
smiles, enthusiasm for
collaboration, and
creative expression,
creating an interactive
and cheerful learning
environment.

Fun activities can be
seen from high
enthusiasm, active
participation, cheerful
laughter, and
creativity in
collaboration, creating
a dynamic and positive
class atmosphere.

Children at various levels of preschool enjoy various types of play appropriate to their
developmental stage. At the Pembina Ujung Bulu State Kindergarten, games such as simple
puzzles, role-playing, and outdoor games such as skipping rope and ball increase their active
involvement in learning. At Al Uswah Kindergarten, word charades, group games, and physical
activities such as running and catching balls develop their motor and social skills. Meanwhile at
Melati Topanda Kindergarten, story-based games, group activities and outdoor games such as
hide and seek stimulate imagination and collaboration. Positive interactions with peers and
teachers help strengthen their social skills, while creativity in play, including through art projects
and science experiments, provides space for self-expression and the development of critical
thinking skills. Overall, these play activities not only build technical skills, but also strengthen
children's social, emotional, cognitive, and motor aspects, creating a solid foundation for their
future growth.

Creative activities at the preschool level involve children in various activities to encourage
imagination and creative exploration. At the Pembina Ujung Bulu State Kindergarten, things like
drawing, coloring and making simple handicrafts, as well as role playing, provide the foundation
for developing their creativity. Al Uswah Kindergarten, through the art of collage, drawing with
various media, craft projects from recycled materials, and musical activities, stimulates
innovation and collaboration. Melati Topanda Kindergarten, group art projects, role-playing,
creative science experiments, and poster design, encourage self-expression and collaboration.
Children's active participation in these activities improves their social, communication and
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creativity skills. Innovation is demonstrated by the use of simple materials at the Pembina Ujung
Bulu State Kindergarten, art experiments and collaborative projects at the Al Uswah
Kindergarten, as well as original role playing and exploration of new concepts at the Melati
Topanda Kindergarten. Children's work reflects their diverse creativity, including drawings,
crafts, collages, collaborative paintings and imaginative concept art projects. These creative
activities develop children's technical, social and emotional skills holistically, preparing them for
future challenges with balanced skills between creativity, collaboration and problem solving.

Discussion is an effective way to develop children's communication skills at various levels
of ECE. Discussion topics such as favorite stories, pets, play experiences, and environmental
issues allow them to share opinions, hone their speaking skills, and learn to listen actively. At
Pembina Ujung Bulu Kindergarten, children share stories and interact with friends while playing,
while at Al Uswah Kindergarten, they engage in group discussions about hobbies and artistic
activities, improving their communication skills. At Melati Topanda Kindergarten, discussions
about fantasy stories and school experiences help them play a role in talking and sharing ideas.
Children's active participation in discussions also shows the importance of their involvement in
the learning process. The teacher at the kindergarten facilitated discussions by asking open
guestions, providing time to talk, and creating a supportive atmosphere for sharing opinions. At
Pembina Ujung Bulu State Kindergarten, teachers encourage all children to actively participate,
while at Al Uswah Kindergarten, they stimulate critical thinking with relevant questions. At
Melati Topanda Kindergarten, teachers organize discussions in small groups, use visual aids, and
provide opportunities for each child to speak and share ideas, strengthening their
communication skills collectively.

The classroom atmosphere at various levels of ECE displays a variety of characters that
reflect a child-centered educational approach. At the Pembina Ujung Bulu State Kindergarten,
the atmosphere is full of joy with colorful decorations and the sound of children's laughter filling
the room. Children engage in play activities that create a warm and safe environment for
learning and developing. At Al Uswah Kindergarten, the classroom atmosphere is dynamic and
creative, with children involved in group projects, active discussions and art activities. This
creates a learning environment that supports exploration and collaboration, as well as
stimulates their curiosity in a variety of fun activities. Meanwhile, at Melati Topanda
Kindergarten, the interactive and collaborative atmosphere is strong, with classrooms filled with
group discussions, art projects and theater activities. This creates an environment that not only
supports creativity, communication, and cooperation among children, but also develops their
social skills in a positive way.

Children's happiness is reflected in their cheerful laughter, enthusiasm for playing, and
enthusiasm for learning at all levels of ECE. They demonstrate active participation in discussions,
joy when collaborating on art projects, and satisfaction in expressing themselves, creating a
positive and encouraging learning atmosphere. Positive interactions between children are
reflected when they share toys, help friends, play roles together, and encourage each other. This
creates an environment that supports friendship, cooperation and the development of empathy
at the Pembina Ujung Bulu State Kindergarten. At Al Uswah Kindergarten, positive interactions
are demonstrated through working together on group projects and providing mutual support in
daily activities. Meanwhile, at Melati Topanda Kindergarten, children show empathy and
appreciation for their friends' contributions in various collaborative activities. Children's positive
responses to fun activities can be seen from their high enthusiasm, active participation, cheerful
laughter and creative expression. This creates a dynamic, interactive and joyful classroom
atmosphere in all these ECE environments, facilitating a fulfilling and meaningful learning
experience for the holistic development of children.
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2. Holistic Development of Children

The results of interviews with teachers and parents showed that there was a significant
improvement in aspects of children's development. From a cognitive perspective, children show
increased critical thinking and problem-solving abilities. Many teachers report that children are
more active in asking questions and providing opinions in discussions.

Table 6. Interview results on holistic child development

Interview
. Teacher Parent
questions
1. Teachers provide educational game Parents generally give positive
sessions that stimulate motor and responses to the implementation of
cognitive skills, such as puzzles and the BERAKSI Learning Model in the
role-playing games. classroom. They saw improvements
How do you playing g . . . , y. . P
. 2. Teachers carry out creative activities  in children's social skills and
implement . . .
the BERAKS| such as drawing and crafts to independence, becoming more
. encourage creativity. open in communication, more
Learning . . . s
. 3. Teachers hold group discussions to creative, and more enthusiastic
Model in the . , L .
develop children's communication about learning. Parents also
classroom? . . .
and social skills appreciate the fun and stress-free
4. Teachers create a fun learning learning atmosphere, helping
atmosphere with singing, dancing and children feel more comfortable and
outdoor games. motivated.
1. Integrating all model components in a . o .
. & ) & P e They realize the limitations of time
tight daily schedule can be difficult. .
. . . and resources in schools and the
2. Minimal props and creative materials . .
What . importance of teacher readiness to
. needed for play and creative
challenges did activities adopt new methods. Many parents
ou face in . ) s are willing to provide support, such
Y . 3. Different levels of abilities and . g P . PP .
implementing . . . as providing creative materials and
. interests of children in one class. . . .
this model? . . . teaching aids, as well as being more
4. Requires good cooperation with . . . S .
. actively involved in their children's
parents to strengthen learning at .
learning process at home.
home.
1. Cognitive Aspect: Children show
How do you improvements in problem solving and  Parents see positive developments

see children's
development

creativity.
2. Social Aspect: The ability to interact

in various aspects after
implementing the BERAKSI Learning

in cognitive, and work together in groups is Model. Children are more creative
social, getting better. and show improvements in critical
emotional and 3. Emotional Aspect: Children are better thinking skills. Children become
motoric able to express and manage their more open, sociable and able to

aspects after
implementing
the BERAKASI

emotions, appear happier and more
confident.
4. Motor Aspects: Improvement in fine

work together with friends.
Children are better able to express
their emotions in healthy ways and

model? and gross motor skills through play appear happier.
and physical activities.
The BERAKSI Learning Model has been Parents provide positive feedback
What do very positive, seeing significant regarding the BERAKSI Learning

teachers and
parents think

improvements in children's engagement
and holistic development. They
appreciate this interactive and fun

Model, appreciating improvements
in children's creativity, social,
emotional and motor skills. They

about this X ' :
learnin approach, despite the challenges, support this approach as it creates
model?g because it helps children learn more a fun and effective learning

effectively and enjoy the learning
process.

environment for the holistic
development of children.
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From a social aspect, children involved in the BERAKSI Learning Model show significant
improvements in their interaction skills with peers. They become better able to work together
in groups, which is seen in group activities involving games and creative projects. Children also
show increased empathy, being able to understand and appreciate the feelings and perspectives
of their friends, which is an important social skill for their future development. Parents report
positive changes in their children's behavior at home. Children become more open in
communicating, sharing experiences, and discussing the activities they do at school. They show
greater interest in collaborating with friends and engaging in games that involve cooperation,
thereby strengthening their social relationships. Apart from that, increased independence can
also be seen in the way children take the initiative to play and be creative. They are more
confident in choosing the activities they want to do, whether it's playing outside or exploring
arts and crafts. This independence not only shows development in social aspects, but also
increases children's self-confidence and ability to express themselves. Overall, this model not
only contributes to children's academic development, but also facilitates social and emotional
growth that is important in the formation of their character.

From an emotional perspective, the BERAKSI Learning Model has succeeded in creating a
supportive environment for children to express their feelings. In this context, children appear
happier and more confident, which is clearly visible from their active participation in all the
activities held. They are not only physically engaged, but also emotionally, creating a more
enjoyable and meaningful learning experience. The cheerful atmosphere created during learning
contributes to increasing children's motivation and interest in learning. With an approach that
prioritizes fun, children feel freer to experiment and take risks in learning. This encourages them
to more actively explore new ideas and engage in constructive discussions, which further
strengthens their understanding of the material studied. Furthermore, this positive environment
helps children manage their emotions better. They learn to recognize and express feelings, both
positive and negative, in a safe and supportive context. This is very important in building
emotional intelligence, where children can understand and manage their own emotions, as well
as empathize with the feelings of others. Thus, the BERAKSI Learning Model not only facilitates
academic aspects, but also plays an important role in healthy emotional development for
children, equipping them to face life's challenges in the future.

3. Evaluation and Documentation

Analysis of documents, such as the curriculum and Learning Implementation Plan (LIP),
shows that the curriculum that supports the BERAKSI Learning Model is well designed. The LIP
includes clear details about how each component of the model will be implemented in daily
activities. This not only provides guidance for teachers in implementing the model effectively,
but also ensures that every aspect of learning is well integrated in the child's educational
process. Furthermore, the child's development records show clear progress.

Table 7. Document availability analysis results
Assessment
No Statement It is not in
In accordance .
accordance with

Curriculum alignment with the BERAKSI model. v
Details of play, creative, discussion and cheerful v
activities in the lesson plan.

3 Child development indicators in development records. v
Evaluation results of the implementation of the v
BERAKSI model.
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The results of observations and assessments of established development indicators show
that the majority of children have experienced significant improvement. They show progress in
social, emotional, and cognitive skills, which is reflected in their active participation and ability
to interact positively with peers. The teacher's response to children's improvement in the
BERAKSI model is very positive. Teachers enjoy seeing children's active and creative
development in learning activities. The integration of play, creativity, discussion and cheerful
activities in daily learning is also something that is welcomed by teachers. Teachers are also
happy to see children's social and emotional progress since implementing this model. Hopefully
the child's positive development will continue and provide great benefits in his education.

Table 8. Results of teacher opinion questionnaire on learning models
Descriptive Statistics teachers opinion

N Minimum Maximum Mean Std. Deviation
question 1 32 4 5 431 471
question 2 32 4 5 4.69 471
question 3 32 3 5 4.28 .634
question 4 32 4 5 4.62 492
Valid N (listwise) 32

Likewise, parents are very happy with their children's development after following the
BERAKSI model. They see children more active, creative and enthusiastic in learning at school.
The integration of play, creativity, discussion and cheerful activities in daily learning is also
welcomed. Parents are satisfied with their children's social and emotional progress since
implementing this model. They hope that children will continue to experience positive
improvements and get maximum benefits from the education provided.

Table 9. Results of parent opinion questionnaire on learning models
Descriptive Statistics parents opinion

N Minimum Maximum Mean Std. Deviation
qguestion 1 40 1 5 4.08 .888
qguestion 2 40 2 5 4.32 .859
guestion 3 40 2 5 4.17 .984
question 4 40 1 5 4.07 971
Valid N (listwise) 40

These records not only serve as an evaluation tool for teachers, but also as valuable
feedback for parents regarding their child's development. With concrete evidence of progress
made, parents can better understand and support their child's learning journey. Overall, this
analysis provides confidence that the BERAKASI Learning Model is not only theoretical, but also
has effective practical applications in the context of early childhood education, making it an
approach worthy of wider application.

Discussion

The results of this research show that the BERAKSI learning model (playing, creating,
discussing and being cheerful) has a significant impact in improving the holistic development of
early childhood. The following discussion will further explain the effectiveness of this model, the
challenges faced, and the implications for early childhood education. This learning model has
proven effective in stimulating children's involvement. Play activities, as the main component,
provide opportunities for children to learn through direct experience (Grace D et al., 2025). In
observations, children show high curiosity and active involvement when involved in games
designed to support learning. Group games not only develop fine and gross motor skills, but also
stimulate creativity and adaptability (Behnamnia, Kamsin, Ismail, et al., 2020; Pantaleo, 2025;
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Tu & Lee, 2025). Children learn to solve problems and negotiate with peers, which are important
social skills.

Creative activities, such as drawing, painting and making crafts, allow children to express
their ideas and emotions visually and practically (Leigh, 2020; Leung et al., 2023). Research finds
that children who engage in arts and crafts activities experience improvements in creative
thinking abilities and fine motor skills. These activities provide opportunities for children to make
choices and decisions, which are important in the development of their independence. Through
creating, children not only learn about techniques and tools, but also hone their imagination
skills which will be useful in the future (Bae et al., 2023; Kong & Yasmin, 2022; Sakti et al., 2024).
Meanwhile, discussion activities encourage children to hone their communication and listening
skills. Through discussion, children learn to respect other people's opinions, consider different
perspectives, and express their ideas effectively (Bae et al., 2023; Grace D et al., 2025; Kong &
Yasmin, 2022). This contributes to improved social and emotional skills, where children become
more empathetic and able to work together in groups. Group discussions also provide a space
for children to learn how to express opinions confidently, which is very important for future
communication development.

Although positive results were found, this research also identified several challenges in
implementing the BERAKSI Model. One of them is the need for more training and support for
teachers. Some teachers report difficulty in implementing all components of this model in a
balanced manner, especially in managing time and resources. Limited learning facilities and
tools, such as creative materials or sufficient space for play activities, are also a challenge,
especially in areas with fewer resources. Differences in children's readiness to engage in more
active activities were also seen. Some children may feel uncomfortable in situations that require
a high level of social interaction. Therefore, it is important for teachers to pay attention to the
individual needs of each child and adapt the approach to each child's characteristics. This
requires a deep understanding of group dynamics and sensitivity to differences in personalities
and learning preferences.

The BERAKSI Learning Model has broad implications for early childhood education practice.
With an interactive and fun approach, this model can create a positive learning environment
and support children's holistic development (Leigh, 2020; Pantaleo, 2025; Tu & Lee, 2025). This
leads to the development of skills necessary for the future, including creativity, adaptability, and
social abilities. The importance of collaboration between teachers and parentsis also highlighted
in this research. Parental involvement in supporting learning activities at home can strengthen
the learning experiences gained at school (Chan & Hu, 2023; Leung et al., 2023; Sedrakyan et al.,
2020).Therefore, training for parents and effective communication programs between school
and home are highly recommended. Educating parents about how to support learning at home
will help reinforce concepts taught at school.

Seeing the success of this model, further research can examine the implementation of the
BERAKSI Learning Model in a broader context, including elementary schools and communities.
In addition, further research can be conducted to evaluate the long-term impact of
implementing this model on children's development, including academic and social aspects in
the future. This research can provide deeper insight into how the skills acquired during early
childhood education can influence a child's life later in life. Overall, this research shows that the
BERAKSI Learning Model can be an effective alternative in early childhood education, providing
a fun and in-depth learning experience, and supporting children's overall development. It is
hoped that the implementation of this model can be the first step towards broader innovation
in the approach to early childhood education in Indonesia.

Although the research results showed positive impacts, several challenges were also
identified. Some teachers expressed difficulty in managing time between activities and finding
ways to interest all children. Therefore, further training on classroom management and use of
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existing resources is highly recommended. Recommendations from this research include the
need for support from schools in providing teaching materials that support creative activities, as
well as ongoing training for teachers to deepen their understanding of the implementation of
the BERAKSI model. Apart from that, parental involvement in the learning process also needs to
be strengthened to support children's development at home.

Overall, the BERAKSI Learning Model shows great potential in improving the holistic
development of early childhood. By encouraging a more interactive and fun approach to
education, this model not only makes the learning process more interesting for children, but
also ensures that all aspects of cognitive, social, emotional and physical development are well
supported. The success of this model in creating a positive and supportive learning environment
is very important, especially in the educational context in Indonesia, where the need for
innovative and relevant approaches is increasingly urgent. This research is the first step for wider
implementation in various early childhood education contexts in Indonesia. By implementing
the findings and recommendations from this study, it is hoped that more ECE institutions will
adopt the BERAKSI Learning Model, providing a richer and more beneficial learning experience
for children. Furthermore, adoption of this model can inspire better curriculum development
and provide necessary training for educators. With the right support, the BERAKSI Learning
Model has the potential to become the standard in early childhood education, helping prepare
future generations who are not only academically intelligent but also rich in important social
and emotional skills.

CONCLUSION

The BERAKSI learning model (playing, creating, discussing and being cheerful) has proven
to be effective in improving the holistic development of early childhood. Research shows that
the application of this model is successful in stimulating children's involvement, improving
cognitive, social and emotional skills, and creating a positive and enjoyable learning
environment. Although there are challenges in implementation, such as the need for teacher
training and limited resources, the results of this research show the great potential of interactive
approaches in children's education. Recommendations for collaboration between teachers and
parents, as well as ongoing training, are critical to the success of this model. Thus, the BERAKSI
Learning Model can be used as a useful alternative to improve the quality of early childhood
education in Indonesia, with the hope of providing a sustainable positive impact on children's
development.
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ABSTRACT

Metacognition is identified as the awareness and control of thinking for learning, which plays a crucial
role in students' problem-solving performance. This urgency is further accentuated in the context of
computational thinking, as practicing computational thinking through programming relies on problem-
solvers' metacognition. However, the reality is that CT assessment is still in its infancy, particularly for
formative assessment, and metacognitive strategies are often not explicitly taught. This study aims to
identify critical issues and formulate further research challenges in CT-based metacognitive learning
assessment. The method used is a systematic literature review to identify, evaluate, and synthesize all
relevant scientific evidence. Four main issues were identified, including the need for rigorous
experimental methods to validate CT assessments, Conceptual gaps regarding whether and how CT can
support the development of metacognitive strategies, Challenges in implementing more nuanced
scaffolding, and Limited intervention duration, even though improving metacognition requires long-
term learning interventions. Furthermore, there are challenges in optimizing learning management
systems as metacognitive tools. Metacognitive assessments should explicitly measure cognitive
regulation (planning, monitoring, and evaluation) using authentic methods, such as think-aloud. This
study's contribution is to provide a structured roadmap for further research, focusing on strengthening
validity, clarifying causal relationships, and optimizing digital implementations to foster students’
higher-order problem-solving skills.

Keywords: computational thinking, learning assessment, learning management system,
metacognition, metacognitive scaffolding
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INTRODUCTION

Metacognition is broadly defined as the awareness and control of thinking for learning
(Stanton et al., 2021), and as a second-order or higher-order thinking process involving active
control over cognitive processes (Zarouk & Khaldi, 2016). This central concept is structured into
two main components: Metacognitive Knowledge and Metacognitive Regulation (Mahande et
al., 2021). Metacognitive Knowledge encompasses self-understanding as a learner,
encompassing declarative knowledge (learning about something), procedural knowledge
(knowing how to do something), and conditional knowledge (knowing why and when) (Mahande
et al., 2021). Meanwhile, Metacognitive Regulation, which focuses on actions for learning, is
classified into three key processes: planning, monitoring, and evaluation (Stanton et al., 2021).
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Through this regulation, metacognition enables effective control over ongoing cognition
(Callaway et al., 2023) and is a self-directed process by which learners transform their mental
abilities into academic skills (Bonner et al., 2021). Therefore, this ability is considered crucial
because it plays a significant role in students' problem-solving performance (Zhou et al., 2023)
and is essential for organizing thinking strategies to achieve learning goals.

Metacognition plays a crucial role in learning and problem solving, as it influences the
acquisition, understanding, retention, and application of what is learned (Yadav et al., 2022).
Metacognitive knowledge involves knowing when to use, how to coordinate, and how to
monitor various skills in problem solving (Zhou et al., 2023). Metacognition, broadly defined as
human awareness of mental operations such as perception, remembering, and thinking and the
ability to control them (Sengul & Katranci, 2012), is a system that regulates individual learning
and cognition, as metacognition refers to the process of becoming aware of one's cognitive
structure and learning characteristics (Sengul & Katranci, 2012). According to Flavell,
metacognition functions as a system that organizes information, experiences, goals, and
strategies (Sengul & Katranci, 2012), and individuals with more developed metacognitive skills
have been shown to be better problem solvers, decision makers, and critical thinkers than others
(Sengul & Katranci, 2012). Essentially, the primary function of the metacognitive system is to
enable effective control over ongoing cognition (Callaway et al., 2023), which is reflected in a
model that describes how metacognitive monitoring (feeling of knowing) can dynamically inform
metacognitive memory (direction of retrieval efforts) (Callaway et al., 2023). Within this
framework, metacognition involves interactions between meta-level processes and object-level
meta-processes, where meta-level processes integrate the state of object-level processes and
their control (Callaway et al., 2023). Metamemory, as a higher-order process, refers to higher-
order processes that integrate and control basic processes of recognition (Callaway et al., 2023),
thus enabling meta-level agents to optimally control how long these processes continue
(Callaway et al., 2023). This component of mental behavior is also emphasized by Schoenfeld
who divides it into information about one's thought processes, action control or self-regulation,
beliefs and attitudes (Sengul & Katranci, 2012).

The importance of metacognition lies in the awareness and control of thinking for learning
(Stanton et al., 2021), which allows students to actively monitor and regulate their cognitive
processes in achieving goals (Flavell, 2024). Metacognition is an important thinking skill that
must be mastered by students (Agung et al., 2023), because strong metacognitive skills have the
power to influence student learning and performance. Historically, Flavell (1979) defined
metacognition as the active monitoring and consequent regulation and orchestration of these
processes in relation to the cognitive objects or data they carry, usually to achieve concrete goals
or objectives (Flavell, 2024). Metacognition makes a significant contribution to academic
success; for example, students with good metacognitive skills can identify concepts they do not
understand and choose appropriate strategies to learn those concepts. They can also evaluate
their strategies and adjust their plans based on the results (Stanton et al., 2021). This
metacognitive function is very important in problem solving, where good metacognition will
make students able to solve problems well, and metacognition is very important for every
student to develop independence in learning (Agung et al., 2023). Furthermore, in an academic
context, Metacognition influences the perception and processing of information in a way that
influences students in improving learning outcomes (Agung et al., 2023), and the creative
thinking process in students at a high metacognitive level consists of understanding problems,
formulating problem-solving strategies, implementing problem-solving strategies, evaluating
problem-solving solutions (Akmam et al., 2023). Therefore, metacognition is a strategy that
facilitates students on how to learn, and explicit metacognitive training can significantly improve
students' creative problem-solving abilities (Akmam et al., 2023).
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Metacognitive thinking ability has a reality of varying metacognitive thinking ability among
students, and in practice, self-regulation, which is important for problem solving and includes
metacognitive strategies, is the ability of students to direct efforts to complete an academic task
in class (Sengul & Katranci, 2012). However, this ability is often not fully applied or mastered,
because research shows that students are often not explicitly taught metacognitive strategies.
(Sengul & Katranci, 2012), whereas individuals with more developed metacognitive skills are also
better problem solvers, decision makers, and critical thinkers than others (Sengul & Katranci,
2012). In fact, when faced with problems, different levels of metacognitive awareness influence
problem-solving success; for example, students with reflective metacognitive awareness have
the highest computational thinking ability because they meet three of the four CT indicators
(Sudadi et al., 2023), while students with tacit metacognitive awareness do not meet the
computational thinking indicators when solving problems (Sudadi et al., 2023). Furthermore, the
reality is that most students do not consider important aspects such as time allocation; 70% of
survey participants did not consider time constraints for solving problems (Sengul & Katranci,
2012), and some students were unable to solve any of the problems (Sengul & Katranci, 2012).
Although metacognition has a direct and positive correlation with high school students'
mathematical modeling skills (Zhang et al., 2024), the reality is that metacognitive experiences
do not directly affect mathematical modeling skills (Zhang et al., 2024).

The urgency of metacognitive research is emphasized because there is still a lack of in-depth
research on pre-programming metacognitive planning that needs to be addressed (Zhou et al.,
2023), moreover, these important metacognitive strategies are often not taught explicitly to
students, despite having a significant impact on academic outcomes (Yadav et al., 2022).
Although Higher Order Thinking Skills (HOTS) learning is closely related to metacognition, studies
that focus on metacognitive-based HOTS teaching module elements are still limited (Hamzah et
al., 2022), along with the fact that little research has been conducted on systematic literature
reviews of metacognitive elements. Further research is also needed to bridge theoretical
insights by incorporating inquiry elements into metacognitive components (planning,
monitoring, and evaluation) (Hamzah et al., 2022). Furthermore, further research is also needed
to analyze the micro-process of seeking help in SRL (Bonner et al., 2021). Metacognition is key
to successful learning and problem-solving because it regulates awareness, control, and
optimization of one's own independent thought processes. Without metacognition, learning
becomes passive, error detection is difficult, retention is weak, and problem-solving often fails
or is inefficient.

Computational Thinking (CT) is widely identified as a way of thinking that helps individuals
think like computer scientists in solving practical problems. This central concept refers to the
processes involved in problem solving, system design, and understanding human behavior,
utilizing fundamental concepts of computer science (Zhou et al., 2023). Therefore, CT is viewed
as a set of essential concepts and thought processes that help learners formulate, analyze, and
represent problems (Zhou et al., 2023), as the solutions to these problems can be represented
as computational steps and algorithms. Furthermore, CT consists of three main dimensions:
computational concepts, computational practices, and computational perspectives. In more
detail, the core aspects of CT include abstraction, decomposition, algorithms, debugging,
iteration, and generalization (Yadav et al., 2022). Meanwhile, Computational Practices, which
are aspects used by thinkers in various environments, include processes such as being
incremental and iterative, testing and debugging, reusing and mixing, and abstracting and
modularizing (Bonner et al., 2021). Therefore, CT functions as a universal talent and skill (Bonner
et al., 2021), which is essential for formulating problems so that their solutions can be
implemented effectively by information processing agents, both human and machine (Lei et al.,
2020), so that CT is a way of thinking about how to solve problems (Zhou et al., 2023).
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Computational thinking is a way of thinking that helps people think like computer scientists
to solve practical problems. (Zhou et al.,, 2023). According to Wing (2006), computational
thinking refers to the thinking process of computer scientists involved in solving problems,
designing systems, and understanding human behavior, by referring to the fundamental
concepts of computer science (Wing, 2006). Computational thinking is a problem-solving
method that combines computational elements to analyze and structure problems, and design
solutions or systems (Shin et al., 2024). Computational thinking is a set of problem-solving skills
that must be mastered and improved by today's students (Markandan et al., 2022). The spiritual
core of the 21st-century skills framework is system learning and innovation skills including
critical thinking and problem solving, communication and collaboration, creativity and
innovation. Many of these skills are highly relevant to computational thinking (Wang et al.,
2024). In his journal, Sudadi (2023) explains that computational thinking is undeniably closely
related to divergent thinking, innovativeness, problem solving, conceptual thinking, repetition,
collaboration, patterns, synthesis, and self-reflection (Sudadi et al., 2023). Yu Wang (2024)
concludes that computational thinking is an important skill for students to succeed in the 21st-
century digital society (Wang et al., 2024).

The importance of computational thinking (CT) stems from its core definition as a thinking
process involved in formulating problems and expressing their solutions in such a way that
computers—humans or machines—can carry them out effectively (Lei et al.,, 2020). A
comprehensive meta-analysis revealed that computational thinking and academic achievement
were positively correlated (0.288) among students, underscoring the view that studying CT
significantly helps learning outcomes (Lei et al., 2020). Most importantly, CT helps in the
interpretation, analysis, and solution of various problems through the application of abstraction,
algorithms, and systemic thinking. Abstraction, a key component, identifies key features and
their relationships while ignoring irrelevant distractions to accurately represent a problem.
Furthermore, an algorithm is considered an abstraction of a process that uses input
representations of a problem to execute a series of actions and produce an output solution (Lei
et al.,, 2020). These computational thinking processes—specifically abstraction, algorithmic
processing, and systemic thinking—are crucial because they can help students build complex
systems of understanding across academic subjects such as mathematics, science, and language
(Lei et al., 2020). For example, students apply computational reasoning in science when they
abstract the elements of compounds and in mathematics when they apply arithmetic
algorithms. Therefore, the moderate positive correlation found confirms that the abstract and
systemic aspects of computation effectively support learning across academic domains (Lei et
al., 2020).

Computational Thinking (CT) has gained significant traction as an approach to bringing
computer science tools and practices into K-12 classrooms, since Jeannette M. Wing popularized
it in 2006 as a skill every student should possess (Yadav et al., 2022). CT is understood as solving
problems, designing systems, and understanding human behavior, utilizing fundamental
computer science concepts (Yadav et al., 2022), thus embodying fundamental skills everyone
should acquire (Markandan et al., 2022). However, despite CT's widespread recognition, the
reality of its implementation in schools remains debated, with major questions remaining
unanswered regarding whether and how children engage in computational thinking and how CT
may impact their problem-solving behavior and academic achievement (Yadav et al., 2022).
Furthermore, efforts to incorporate CT skills through programming in STEM curricula, such as in
Malaysia, pose significant challenges, especially for educators (Markandan et al., 2022). Despite
these challenges, a meta-analysis of 34 studies confirmed that CT freezing was significantly
positively associated with students' overall academic achievement (r = 0.288). (Lei et al., 2020),
even showing that this positive relationship is stronger in Eastern cultures, at the elementary
school level, and among female students (Lei et al., 2020). This fact supports the view that CT
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instruction can be a tool to explicitly teach metacognitive strategies that are important for
academic outcomes (Yadav et al., 2022).

The urgency of computational thinking research is emphasized because key unanswered
questions remain regarding whether and how children engage in computational thinking and
how computational thinking may influence their problem-solving behavior and academic
achievement (Yadav et al., 2022). Therefore, there is a need to better understand whether and
how computational thinking can support the development of metacognitive strategies (Yadav et
al.,, 2022). Furthermore, future research should expand on this research and examine how
computational thinking can guide teachers to explicitly teach metacognitive strategies and
influence students' problem-solving and learning outcomes (Yadav et al., 2022). Furthermore,
because too few studies examined in this meta-analysis used controlled experimental designs
to test moderating effects (Lei et al., 2020), further research is needed using rigorous
experimental methods to ascertain whether the use of computational thinking formative
assessment tasks can lead to improvements in student learning (Bonner et al., 2021). According
to the authors, Computational thinking is a core 21st-century skill that solves complex problems
creatively, systematically, and innovatively like computer scientists, supporting success in the
digital age.

Scaffolding is a tool that helps teacher-student interactions (Wang et al., 2024).
Metacognitive scaffolding helps learners monitor and regulate their problem-solving process by
providing structured support (Shin et al., 2024). Scaffolding for metacognition, such as
questioning and modeling strategies, can help learners reflect on their understanding (Zhou et
al., 2023). The introduction of scaffolding in programming learning allows learners to
independently identify their strengths with teacher assistance, become more aware of their
current learning status, and identify problems in a timely manner (Wang et al., 2024). Yu Wang
(2024) explains in detail that scaffolding Metacognitive scaffolding provides new ideas to
address this problem by assisting students in four areas: self-planning, self-monitoring, self-
reflection, and self-evaluation, to foster a deeper understanding of their own knowledge
acquisition process and the problems encountered in completing tasks, as well as to encourage
spontaneous reflection and analysis of deficiencies (Wang et al.,, 2024). Metacognitive
scaffolding is crucial because metacognitive knowledge guides students in selecting, evaluating,
and refining cognitive strategies, which are essential for creative thinking (Akmam et al., 2023),
especially in problem solving. In an academic context, scaffolding elements such as the use of
answer keys enhanced with reflection questions can support students in evaluating their
learning (Stanton et al., 2021).

The reality of metacognitive abilities shows that novice learners often get stuck when one
of these aspects goes wrong due to a lack of metacognitive abilities (Wang et al., 2024),
therefore scaffolding interventions are very necessary. Studies confirm that metacognitive
scaffolding helps students determine the current learning state, adopt self-questioning, and
monitor cognitive processes to compensate for their deficiencies (Wang et al., 2024) ;
furthermore, a simpler type of support (semi-scaffolding) was found to be sufficient and efficient
for the development of students' computational thinking (Zhou et al., 2023). However, the
reality is that metacognitive abilities as a whole do not significantly improve metacognitive
abilities (Wang et al., 2024), because the improvement of metacognitive abilities requires long-
term learning interventions (Wang et al., 2024).

The urgency of metacognitive scaffolding research is emphasized because novice
programmers often get stuck when one of these aspects is wrong due to a lack of metacognitive
skills (Wang et al., 2024), so this intervention offers new ideas to address this problem that is
difficult to address with programming alone. Further research is urgently needed because few
studies have clarified the effects of metacognitive scaffolding on CT and little research on CT
development has focused on students' metacognitive processes (Wang et al.,, 2024).
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Furthermore, there are still limitations, because research on the combined effects of
metacognition and cognitive scaffolding is still limited, underscoring the need for further
research (Shin et al., 2024). Moreover, studies are often short-term, whereas improving
metacognitive skills requires long-term learning interventions (Wang et al., 2024). Research
shows that when metacognitive elements are incorporated into a module or learning design, it
can enhance the effectiveness of metacognitive learning and the efficacy of students' facts,
objectives, materials, and learning activities—bringing a positive influence on student learning
(Hamzah et al., 2022). Specifically, metacognitive scaffolding facilitates regulatory skills such as
planning, monitoring, and evaluating (Stanton et al., 2021). Furthermore, explicit metacognitive
training significantly improves students' creative problem-solving abilities (Akmam et al., 2023).
Thus, metacognitive scaffolding enables students to become more adept at thinking and more
effective and efficient in their learning (Stanton et al., 2021). Metacognitive scaffolding serves
as a structured guide from the teacher that facilitates students' planning, monitoring, reflecting,
and evaluating their own thinking processes, thereby gradually building metacognitive
independence and deeper problem-solving.

Metacognitive assessment is currently identified as an important component that focuses
on awareness and control of thinking for learning (Stanton et al., 2021) and is a higher-order
thinking process that involves active control over cognitive processes (Zarouk & Khaldi, 2016).
This assessment is divided into two main components: metacognitive knowledge (metacognitive
knowledge) and metacognitive regulation (metacognitive regulation) (Stanton et al., 2021).
Because metacognitive regulation includes planning, monitoring, and evaluation (Stanton et al.,
2021), these aspects are often the focus of measurement, especially in the context of vocational
education and Project-Based Learning (PBL) (Zarouk & Khaldi, 2016).

To comprehensively measure metacognition, various authentic assessment methods are
used. One recommended method is think-alouds (concurrent verbal reports), which serve to
test the substantive processes involved in performance (Bonner et al.,, 2021) and provide
evidence of construct validity for test-based interpretations (Bonner et al., 2021), thereby
helping to verify that the measured thinking processes are consistent with the desired construct.
Furthermore, LMSs can be transformed into collaborative metacognitive tools and support Self-
Regulated Learning (SRL) (Zarouk & Khaldi, 2016) to facilitate assessment.

In a digital environment, enhanced Learning Management Systems (BLEMS) enable the
integration of assessment rubrics that measure planning, monitoring, and evaluation (Bonner et
al., 2021), where the LMS helps students create planning documents, summarize project
progress, and submit final project reports. Comprehensive assessments often adopt a Triad
Assessment Approach that combines self-assessment, peer-assessment, and teacher-
assessment (Mahande et al., 2021), so that students are actively involved in assessing their
higher-order thinking skills, namely metacognitive thinking (Mahande et al.,, 2021). The
importance of this assessment is emphasized because metacognitive abilities play a significant
role in students' problem-solving performance (Zhou et al., 2023) and influence performance in
Computational Thinking.

Metacognitive assessment, according to Bonner et al. (2021), aims to produce information
that can be interpreted in terms of the targeted construct (Bonner et al., 2021). This assessment
involves cognitive knowledge and cognitive regulation (Zhou et al., 2023). Sarah Bonner (2021)
describes the use of think-alouds to examine the substantive processes involved in performance
on a formative computational thinking assessment designed to support self-regulated learning.
Our task design model includes three phases of working on a computational thinking problem:
forethought, performance, and reflection (Bonner et al., 2021). Bonner (2021) also adds that
this method relies on test takers' verbal reports of their thinking simultaneously with task
performance (Bonner et al., 2021). In Ying Zhou's (2023) research instrument, metacognitive

107



Fitrah Adhi Buwono et al.

planning is presented as written metacognitive planning assessed based on evaluation criteria
(zhou et al., 2023).

The importance of metacognitive assessment is emphasized because it facilitates improved
student understanding and learning outcomes. Tools such as answer keys enhanced with
reflection questions can support students in evaluating their learning after completing
assignments (Stanton et al., 2021). Furthermore, these assessments play a role in a broader
context, where metacognitive knowledge guides students in selecting, evaluating, and refining
cognitive strategies, which are crucial for creative thinking (Akmam et al., 2023). By using
metacognitive assessments, students can evaluate their strategies and adjust their plans based
on the results, thus becoming more adept at thinking and more effective and efficient in their
learning (Stanton et al., 2021). Bonner (2021) adds that assessment tasks are often designed
based on the self-regulated learning (SRL) model, which involves three phases of the cycle:
forethought, performance, and reflection (Bonner et al., 2021). CT assessment can also be done
by analyzing students' code artifacts based on criteria such as syntax, semantics, efficiency, and
complexity (Shin et al., 2024).

Metacognitive assessment in Learning Management Systems (LMS) is rooted in the need to
measure and support students' Self-Regulated Learning (SRL), especially in the context of
Project-Based Learning (PBL) and vocational education (Mahande et al.,, 2021). Although
conventional LMS While LMSs typically do not operate interactively and personally for students
(Zarouk & Khaldi, 2016), the basis for implementation is transforming the LMS into a
metacognitive tool. This is achieved by integrating assessment instruments and rubrics that
cover three key aspects of metacognitive regulation: planning, monitoring, and evaluation
(Mahande et al., 2021). The assessment rubrics are then integrated into the BLEMS method to
facilitate the Triad Assessment Approach that combines self-assessment, peer-assessment, and
teacher assessment (Mahande et al., 2021). Through this integration, the LMS supports
students' SRL processes in accordance with the Zimmerman cycle model, allowing students to
create planning documents, monitor project progress, and evaluate final project reports online
(Mahande et al., 2021), so that they actively involved in assessing their higher-order thinking
skills, namely metacognitive thinking (Mahande et al., 2021).

Computational Thinking (CT) assessment shows that although CT has become a priority in
computer science education in the US due to the high demand for technology workers, CT
assessment is still in its infancy, particularly for formative assessment (FA) (Bonner et al., 2021).
The lack of practical tools for high-quality FA at the secondary school level is evident, particularly
for assessing complex cognitive constructs such as CT (Bonner et al., 2021). Furthermore, the
reality of validation studies using think-aloud methods reveals that too few of the studies
examined in this meta-analysis used controlled experimental designs to test for moderating
effects, thus necessitating rigorous methods to substantiate their claims regarding the impact
of FA on student learning (Bonner et al., 2021). Further research is needed to determine whether
the use of CT formative assessment tasks can lead to improved student learning.

Computational Thinking (CT) assessment research is emphasized because, despite CT being
recognized as an essential 21st-century skill, major questions remain unanswered regarding
whether and how children engage in computational thinking and how CT may impact their
problem-solving behavior and academic achievement (Yadav et al., 2022). Furthermore, too few
studies examined in this meta-analysis used controlled experimental designs to test for
moderating effects (Lei et al., 2020), so future research should use rigorous methods to test
whether CT formative assessment tasks can lead to improved student learning (Bonner et al.,
2021). Structured assessments of Computational Thinking (CT) currently examine the thinking
processes involved in problem-solving, system design, and understanding human behavior,
utilizing fundamental concepts of computer science (Zhou et al., 2023). Assessments encompass
CT encompassing dimensions of computational concepts, computational practices, and
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computational perspectives (Bonner et al., 2021). To ensure construct validity, a structural
approach was used through authentic methods, such as think-aloud, which aim to examine the
substantive processes involved in performance, as well as provide evidence of the construct
validity of test-based interpretations (Bonner et al., 2021). Furthermore, CT was assessed based
on student-generated artifacts, such as programming code, which were then analyzed using a
rubric to measure CT concepts and practices.

LMS, particularly those designed to support project-based learning (PBL) such as Blended
Learning Management Systems (BLEMS), can serve as environments that support key aspects
underlying Computational Thinking, although sources do not explicitly use the term. These
systems are built as collaborative metacognitive tools and support Self-Regulated Learning (SRL)
(Zarouk & Khaldi, 2016), based on the Zimmerman cycle model. Furthermore, LMS are
developed to support soft skills relevant to the workplace, such as analytical thinking, creativity,
problem-solving, and leadership (Mahande et al., 2021), as these abilities are classified as critical
thinking governed by reflective or metacognitive thinking. Metacognition serves as the
foundation for controlling and regulating cognitive processes. Therefore, these LMS integrate
assessment rubrics that measure metacognitive regulation (planning, monitoring, and
evaluation) (Mahande et al.,, 2021), which are essential skills in structured problem-solving.
Through the integration of these features, such as Mind Mapping (Zarouk & Khaldi, 2016), and
Learning Analytics, the LMS creates a framework that supports cognitive regulation, problem
solving, and in-depth strategic analysis, which are essential prerequisites for the development
of higher-order computational thinking skills.

Computational Thinking -based metacognitive assessments do not simply measure code
output, but rather capture students' thinking processes in a holistic and authentic way. By
integrating think-aloud techniques, written planning, code artifact analysis, and self-regulated
learning tasks (forethought—performance—reflection), these assessments are able to uncover
metacognitive knowledge (about oneself and strategies) as well as cognitive regulation
(planning, monitoring, and evaluation) in the context of programming or projects.
Computational Thinking (CT)-based metacognitive assessments are activated in the awareness
and control of thinking for learning, as metacognition refers to the active monitoring and
consequent regulation and orchestration of these processes in relation to the cognitive objects
or data they carry, usually to achieve some concrete goal or objective (Flavell, 2024). In the
context of problem-solving through programming, this process is crucial, as practicing
computational thinking through programming depends on the problem-solver's metacognition.
(Zhou et al., 2023) and metacognitive abilities are very important for CT to guide students in
choosing thinking strategies, planning and evaluating thinking processes (Zhou et al., 2023).

The urgency of further research in the application of metacognitive assessment based on
Computational Thinking (CT) is crucial because Computational Thinking relies heavily on
problem-solving metacognition, thus practicing computational thinking through programming
relies on problem-solver metacognition (Sengul & Katranci, 2012). Metacognition is necessary
because metacognitive abilities are crucial for CT to guide students in selecting thinking
strategies, planning and evaluating thinking processes, and breaking down complex actions into
conditional sequences (Yadav et al., 2022). Although metacognition is often not taught explicitly,
the integration of CT in K-12 classrooms provides a mechanism for teachers to explicitly engage
their students in developing and using metacognitive strategies (Yadav et al., 2022). Existing
research suggests that metacognitive scaffolding has an effect on CT problem-solving
performance, but these findings require further strengthening and verification, with larger
sample sizes and perhaps more nuanced scaffolding for these two dimensions (Bonner et al.,
2021). Furthermore, future studies should be implemented over a longer period of time and
should further examine whether metacognitive planning will change students' computational
concepts, practices, and perspectives with a larger number of participants (Bonner et al., 2021),
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to ensure that the designed metacognitive interventions and assessments are able to improve
all aspects of CT.

The link between metacognitive assessment and CT is emphasized by the finding that
metacognition plays a significant role in students' problem-solving performance (Zhou et al.,
2023), which is a crucial aspect of CT. Because metacognition is a higher-order process that
monitors and controls basic memory processes (Callaway et al., 2023), its measurement should
include processes that reflect computational thinking. For example, one study found that
metacognitive planning performance related to problem description and program
comprehension significantly interfered with problem-solving performance, suggesting specific
elements that should be emphasized in assessment (Zhou et al.,, 2023). Furthermore, CT
elements such as testing and debugging are often synonymous with metacognitive monitoring,
defined as the informal mental tracking of one's performance processes and outcomes (Bonner
etal.,2021). Concrete studies show that metacognition has a direct and positive correlation with
middle school students' mathematical modeling skills (Zhang et al., 2024), and critical thinking
(critical thinking), which is a dimension of CT, mediates the relationship between metacognitive
knowledge, experience, monitoring, and mathematical modeling skills (Zhang et al., 2024),
indicating that adequate metacognition can enhance middle school students' critical thinking
computational thinking and improve their mathematical modeling skills (Zhang et al., 2024). This
approach provides valid and rich evidence on how students recognize problems, design
solutions, detect errors, and reflect on their own processes, so that teachers can provide
targeted feedback to develop independent learning in the digital era.

The interrelationship between metacognition, Computational Thinking (CT), and Learning
Management Systems (LMS) forms a pedagogical framework that leverages technology to
support the development of higher-order thinking skills essential for problem solving.
Metacognition is the ability to monitor and control cognitive processes (Yadav et al., 2022),
which refers to awareness of one's own cognitive processes and the ability to control and
integrate those processes (Yadav et al., 2022). Metacognition plays a crucial role in students'
problem-solving performance (Zhou et al., 2023), and specifically, practicing computational
thinking through programming relies on the problem solver's metacognition. (Zhou et al., 2023).
Computational Thinking (CT) is defined as the process of solving problems, designing systems,
and understanding human behavior, by utilizing basic concepts of computer science (Zhou et al.,
2023). Because metacognition functions to monitor and control cognitive processes (Yadav et
al., 2022), metacognition is very important for CT to guide students in choosing thinking
strategies, planning and evaluating thinking processes, and breaking down complex actions into
conditional sequences (Zhou et al., 2023).

Metacognition has two components, namely metacognitive knowledge and metacognitive
skills (Zarouk & Khaldi, 2016), where metacognitive skills include the planning phase (Planning
Phase), the control phase (Control Phase), and the evaluation phase (Evaluation Phase) (Zarouk
& Khaldi, 2016). These phases align with CT practices: for example, planning in metacognition is
related to CT such as decomposition (breaking down a complex problem into sub-problems) and
algorithmic thinking (designing a sequence of solution steps), while monitoring and evaluation
align with debugging practices in CT. In fact, it was found that metacognitive planning
performance related to 'problem description' and 'program understanding' correlates
significantly with programming problem-solving performance (Zhou et al., 2023).

Meanwhile, Learning Management Systems (LMS) can be transformed into collaborative
metacognitive tools and support Self-regulated Learning (SRL) (Zarouk & Khaldi, 2016) to
support metacognition and CT. Although traditional LMSs typically do not operate in an
interactive and personalized manner for students (Zarouk & Khaldi, 2016), enhanced LMSs (such
as Blended Learning Management Systems or BLEMS) support students' SRL development based
on the Zimmerman cycle model. This model organizes learning activities into three phases: the
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Forethink phase (planning), the Performance phase (monitoring/control), and the Reflection
phase (evaluation). LMSs facilitate metacognitive assessment rubrics that measure the three
aspects of metacognitive regulation (planning, monitoring, and evaluation) (Mahande et al.,
2021). In the context of PBL, LMSs enable students to create planning documents, summarize
project progress, and produce final project reports (Mahande et al., 2021), and encourage active
student engagement in learning. assess their Higher-Order Thinking Skills, namely metacognitive
thinking (Mahande et al., 2021), which in turn supports CT skill training in programming problem
solving.

The urgency of further research in the application of metacognition, Computational
Thinking (CT), and Learning Management Systems (LMS) lies in the fact that the success of CT
problem solving is highly dependent on problem-solving metacognition, as practicing
computational thinking through programming relies on problem-solver metacognition (Zhou et
al., 2023). Therefore, research is needed to optimize how LMS can function as a metacognitive
tool. Although semi-scaffolding, which focuses on problem description and program
understanding, has been shown to be efficient in supporting CT, this finding requires further
verification, so further research should be further verified with a larger sample size and perhaps
with more nuanced scaffolding for these two dimensions (Zhou et al., 2023). In addition, more
in-depth and continuous studies are needed, which may need to be conducted for a longer
period of time (Zhou et al., 2023), and researchers should develop more specific metacognitive
planning measures and build more types of scaffolding with different characteristics to meet the
needs of different students (Zhou et al., 2023), to ensure that scaffolding interventions in the
LMS environment can effectively and efficiently foster students' computational thinking
abilities.

METHODS

Research in the field of metacognition and Computational Thinking (CT) shows that the
Systematic Literature Review (SLR) method still has urgency, because little research has been
done on systematic literature reviews on metacognitive elements. Although sources emphasize
the need for further reviews, other relevant types of research designs found in the reviewed
literature include the use of controlled experimental designs to test moderating effects in meta-
analyses, and the need to apply rigorous methods in follow-up studies.

The author used the Systematic Literature Review (SLR) method to identify, evaluate, and
synthesize all relevant and published scientific evidence on the topic of "Computational
Thinking-Based Metacognitive Learning Assessment: Issues and Challenges" in a transparent,
systematic, and reproducible manner. To ensure the scientific quality and relevance of the study,
the methodology was executed through the following structured phases:

1) Sampling and Selection Criteria: The literature was retrieved from high-impact international
and national databases (e.g., Scopus, Web of Science, and Sinta) to ensure the inclusion of
high-quality sources. The selection was restricted to peer-reviewed articles published
between 2019 and 2024, focusing on educational technology integration and pedagogical
practices.

2) Data Collection Procedures: The search strategy employed specific keywords, including
"Computational Thinking," "Metacognitive Assessment," and "Instructional Technology," to
ensure alignment with the journal’s focus and scope.

3) Thematic Analysis: The identified literature was synthesized to categorize issues and
challenges into three domains: technological barriers, curriculum design gaps, and
instructional innovation needs.
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This

rigorous approach ensures that the results provide a comprehensive "Section-by-

Section Evaluation" of the current state of CT-based metacognitive assessment, offering
significant contributions to knowledge in the field.

RESULTS AND DISCUSSION

Issue Con

tribution

The main issues that can be raised regarding metacognitive learning assessment based on
Computational Thinking (CT):
A. Methodological Issues and Validity of CT Assessment

1.

B. Thel

Limitations of Formative Assessment Tools: Reality shows that CT assessment is still in
its infancy, especially for formative assessment (FA), and there is a lack of practical
tools for high-quality FA at the secondary school level, especially for assessing complex
cognitive constructs. Current CT assessment instruments still have difficulty covering
all age groups of students and often lack adequate scientific documentation and
validation (Poulakis & Politis, 2021).

Need for Rigorous Experimental Designs: There are validity issues in the existing
research because too few of the studies examined in this meta-analysis used
controlled experimental designs to test moderation effects, so future research should
use rigorous methods to test claims and determine whether CT formative assessment
tasks can result in increased student learning. In line with this, it is necessary to
integrate various contexts, problem types, and item formats using competency-based
assessment methods to measure CT comprehensively beyond just programming skills
(Lai, 2021).

Higher-Order Cognition Measurement Gap: Current digital assessments often tend to
use multiple-choice-based questions that only tap into lower-order cognitive thinking,
so there is a need for forms of evaluation and questioning that allow students to
explore their reflective and metacognitive thinking, both subjective and objective. To
address this gap, CT-based assessments must involve components of decomposition,
abstraction, pattern recognition, algorithms, and generalization that are capable of
revealing students' deep thinking processes contextually (Amarulloh et al., 2025).
Qualitative Data Integration: Further research is needed that can be conducted by
combining quantitative and qualitative data to obtain more in-depth teacher
assessments regarding the effectiveness of students' metacognitive assessments.

ssue of Conceptual Gap and the Relationship between CT and Metacognition

CT Understanding Gaps in Students: There are still major unanswered questions about
whether and how children engage in computational thinking and how CT may impact
their problem-solving behavior and academic achievement. Recent research shows a
significant positive correlation between CT skills and self-efficacy and metacognitive
self-regulation in student teachers (Sen, 2023).

The Role of Metacognition in CT Development: There is an urgent need to better
understand whether and how CT can support the development of metacognitive
strategies, and to examine how CT can guide teachers to explicitly teach metacognitive
strategies. Empirical evidence suggests that metacognitive sub-dimensions such as
planning, debugging, and procedural knowledge can explain up to 47% of the variance
in students' CT abilities (Uziimcii, 2023). Furthermore, systematically applied
metacognition has been shown to promote CT development through a functional
architecture that differentiates content and skills (Silva et al., 2023).

Focus on Pre-Programming: There is a lack of in-depth research on pre-programming
metacognitive planning, although metacognition (especially planning) is very
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important because practicing computational thinking through programming depends
on the problem solver's metacognition. This relationship is strengthened by correlation
analysis which shows that metacognition components are key factors influencing
problem solving in software education (Joo & Park, 2023).

C. Learning Implementation and Scaffolding Issues

1.

Limitations of Explicit Teaching: The reality is that metacognitive strategies that are
important for academic outcomes are often not taught explicitly to students,
necessitating research on effective interventions. Using metacognitive techniques
alone is not enough; instructors need to integrate problem-solving and metacognitive
techniques simultaneously to help students develop strong CT sub-skills (Ubaidullah et
al.,, 2021).

Lack of Metacognitive Focus in CT: There is an issue that little research on CT
development focuses on students' metacognitive processes, and few studies have
clarified the effects of metacognitive scaffolding on CT. The integration of
metacognitive scaffolding in the aspects of planning, monitoring, reflection, and
evaluation has been shown to facilitate increased CT and learning achievement (Gu et
al., 2025).

Combined Effects of Scaffolding: Research on the combined effects of metacognitive
and cognitive scaffolding is limited, although comprehensive interventions may be
more effective. Synergistic strategies such as the combination of Project-Based
Learning with Pair Programming Instructional Strategy (PBL-PPIS) have been shown to
significantly improve students' five core CT competencies and metacognitive abilities
(Zzhang et al., 2025). Furthermore, learning modules such as ME-CoT have also
demonstrated strong reliability in fostering metacognitive awareness in STEM curricula
(Wang et al., 2022).

D. Context and Duration of Intervention Issues

1.

2.

Duration of Intervention: The reality is that improving metacognitive abilities requires
long-term learning interventions, so further studies need to address the limitations of
short research durations.

Adaptation of Vocational/General Context Model: Further research is needed to be
conducted using other learning models based on Vocational Education or General
Education by adopting the model produced in this study, because the characteristics
of assessment in vocational education are very specific, namely performance-based
assessment.

E. The Issue of Utilizing Technology (LMS/BLEMS) as a Metacognitive Tool

1.

2.

3.

Learning Management Systems generally don't operate in an interactive and
personalized way for students, posting assignments and learning materials tailored to
their characteristics, making it difficult to provide adaptive, tailored recommendations
and visualizations. As a result, LMSs often simply provide the same pedagogical
resources and content to all students, without considering their specific and individual
needs.

Learning Management Systems need to be further exploited as metacognitive tools to
support student self-directed learning, as many instructors use them only for
information dissemination rather than in ways that engage students in meaningful,
strategic, or self-regulated learning.

Learning Management Systems typically do not operate in an interactive and
personalized manner for students, necessitating the integration of specific rubrics and
features to support metacognitive regulation. This issue will highlight the technical and
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pedagogical challenges in leveraging digital platforms to facilitate and measure CT-
based metacognition

Challenges in Computational Thinking -Based Metacognitive Learning Assessment: Future
Research Directions

Future Research Challenges are crucial steps to address the knowledge gaps arising from
the identified issues, thereby strengthening the development of Computational Thinking (CT)-
based metacognitive assessments. These challenges should focus on rigorous testing, explicit
causal relationships, and optimization of digital implementation. The following are future
research challenges based on the identified issues:
A. Methodological Issues and Validity of CT Assessment

Further research challenges focus on strengthening validity and methodology, including:

1.

Using Rigorous Experimental Designs: Future research should use rigorous
experimental methods to empirically test whether CT formative assessment tasks can
lead to improvements in student learning. Integrating Qualitative and Quantitative
Methods: Further research is needed that combines quantitative and qualitative data
and uses think-alouds methods to examine the substantive processes involved in
performance and provide evidence of the construct validity of test-based
interpretations. Psychometric approaches and Rasch analysis need to be applied more
widely to evaluate the quality of computerized CT assessment instruments to have
strong convergent validity (Lai, 2021).

Developing Reflection-Based Assessment Tools: Evaluation forms and question forms
are needed that allow students to explore their reflective and metacognitive thinking,
subjective and objective, beyond multiple choice-based questions that only touch on
low-order cognitive thinking. Future researchers must develop assessments that
encourage deep learning and transdisciplinary skills to address the complex challenges
of the modern world (Amarulloh et al., 2025).

B. The Issue of Conceptual Gap and the Relationship between CT and Metacognition
The next research challenge should be to bridge the conceptual gap and understand the
interaction between CT and metacognition:

1.

Understanding Causal Relationships: There is an urgent need to better understand
whether and how CT can support the development of metacognitive strategies, as
metacognition is crucial for CT to guide students in selecting thinking strategies. Future
research should explore the predictive role of metacognition in the context of higher-
order thinking skills more broadly across educational levels (Uziimcii, 2023).
Examining the Role of Explicit Instruction: Research should examine how CT can guide
teachers to explicitly teach metacognitive strategies, given that metacognitive
strategies are often not taught explicitly.

Focusing on Pre-Programming Planning: There is a need to address the lack of in-depth
research on pre-programming metacognitive planning, although practicing
computational thinking through programming depends on problem solvers'
metacognition.

C. Learning Implementation and Scaffolding Issues
Challenges in the area of implementation center on optimizing learning support:

1.

Verifying Scaffolding with a Large Sample: The findings on the effects of metacognitive
scaffolding need to be further verified with a larger sample size, and perhaps with
more nuanced scaffolding for these two dimensions. Further research is needed on the
effectiveness of integrated learning modules (such as ME-CoT) on larger samples to
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validate their reliability in creating an active and enjoyable learning atmosphere (Wang
etal., 2022).

2. Exploring Students' Metacognitive Processes: Further research is needed because little
research on CT development has focused on students' metacognitive processes, and
there are still limitations regarding the combined effects of metacognitive and
cognitive scaffolding.

3. Developing Specific and Diverse Scaffolding: Researchers should develop more specific
metacognitive planning steps and build more types of scaffolding with different
characteristics to meet the needs of different students. Special emphasis should be
given to the design of metacognitive scaffolding in project-based learning
environments to help novices overcome obstacles while programming (Gu et al.,
2025).

D. Context and Duration of Intervention Issues
This challenge calls for expanding the duration and context of studies:

1. Conducting Long-Term Interventions: Future studies need to be implemented over a
longer period of time, as improving metacognitive abilities requires long-term learning
interventions.

2. Examining Changes in CT Aspects: Studies should further examine whether
metacognitive planning will change students' computing concepts, practices, and
perspectives, to ensure that metacognitive interventions are able to influence all
dimensions of CT.

3. Adopting Models in Vocational/General Contexts: Further research is needed using
other learning models based on Vocational Education or General Education,
considering that the characteristics of assessment in vocational education are often
performance-based assessments.

E. The Issue of Utilizing Technology (LMS/BLEMS) as a Metacognitive Tool

Further research challenges should focus on optimizing LMS as a self-regulation support

tool:

1. Exploiting LMS as a Metacognitive Tool: LMS needs to be further exploited as a
metacognitive tool to support Student Self-Learning, as many instructors only use it
for information dissemination.

2. Optimizing Personalization and Interactivity: Research is needed to optimize how LMSs
can function as metacognitive tools, by addressing the challenge that conventional
LMSs typically do not operate in an interactive and personalized manner for students.

This research makes a significant scientific contribution by synthesizing the critical gap
between Computational Thinking (CT) skills and metacognitive awareness, which have often
been studied separately in the educational literature. Its novelty lies in its comprehensive
mapping of barriers to digital assessment. It reveals that the limitations of current instruments
lie not only in technical aspects, but also in the inability of traditional formats, such as multiple-
choice assessments, to capture students' reflective thinking processes in real time. By
integrating recent findings such as the effectiveness of the PBL-PPIS strategy (Zhang et al., 2025)
and the use of the ME-CoT metacognitive empowerment module (Wang et al., 2022), this
research offers a new framework linking psychometric validity with instructional technology
innovations to deepen learning engagement (deep learning). This positioning of the study's
findings provides strategic guidance for curriculum developers in designing assessments that
measure not only the final programming outcomes but also students' cognitive evolution during
the problem-solving process.
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Based on the issues and challenges identified in this systematic analysis, future research
should focus on three key developmental domains. First, there is an urgent need to explore the
use of artificial intelligence (Al) to automate metacognitive feedback in programming
environments, given the limitations of manual tasks in efficiently measuring high-level cognition.
Second, more rigorous experimental studies with larger sample sizes are needed to verify the
effectiveness of metacognitive scaffolding across educational levels, to strengthen the
generalizability of existing findings (Gu et al., 2025; Uziimcii, 2023). Finally, future research
should target contextual adaptation through the development of assessment rubrics specific to
vocational and general education, taking into account the different performance characteristics
of students in solving computational problems, both independently and collaboratively, in
dynamic digital ecosystems.

CONCLUSION

Metacognition, defined as the awareness and control of thinking for learning, is a crucial
component that plays a significant role in students' problem-solving performance, and is
essential for Computational Thinking (CT) because practicing computational thinking through
programming relies on problem solvers' metacognition. CT-based metacognitive assessments
should structurally measure cognitive regulation, including planning, monitoring, and
evaluation, using authentic methods such as think-aloud to examine the substantive processes
involved in performance, and providing evidence of the construct validity of test-based
interpretations. The need outlined in the Introduction regarding the lack of formative
assessment tools and explicit metacognitive instruction is confirmed and detailed as crucial
issues in the Results and Discussion, which demonstrate a congruence between the urgency of
the research and the findings obtained.

Key challenges lie in the need to use rigorous experimental methods to validate the impact
of assessments, bridge the conceptual gap regarding whether and how CT can support the
development of metacognitive strategies, and optimize Learning Management Systems (LMS)
to function as metacognitive tools to support Student Self-Directed Learning. The impact of this
study is to provide a structured and conceptual research agenda for academics and practitioners
to develop assessments and interventions capable of fostering students' higher-order thinking
skills in the digital age. As a development prospect, further research should focus on longer-term
interventions and more nuanced scaffolding verification to ensure that metacognitive changes
are effectively able to transform students' computing concepts, practices, and perspectives,
thereby achieving comprehensive improvements in all dimensions of CT.
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ABSTRACT

The development of educational technology encourages the use of interactive digital media capable of
delivering multimodal and adaptive learning. This study aims to develop Flipbook Maker-based learning
media with the Dick & Carey instructional design model and analysed its effectiveness in improving
elementary school students' problem-solving creativity. The development was carried out through the
stages of needs analysis, design, production, formative evaluation, revision, and summative evaluation.
This study used a modified Research and Development (R&D) approach involving expert validation,
individual trials, small group trials, and field tests. The problem-solving creativity instrument was
compiled based on indicators of fluency, flexibility, originality, and elaboration. The results showed that
the flipbook obtained a "very valid" category from the validators of materials, media, and learning
design. The field trial showed that the media was easy to use, interesting, and increased student
learning engagement. Pretest-post-test analysis showed a significant increase in all indicators of
problem-solving creativity (p < .001), with a large effect size (d = 1.21). These findings confirm that
flipbooks developed systematically and based on multimedia theory are able to support creative
thinking processes effectively, making them relevant for use in 21st-century learning.

Keywords: creativity, Dick & Carey, Flipbook Maker, multimedia learning, problem solving
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INTRODUCTION

Developments in educational technology over the past two decades have transformed the
way teachers and students’ access, process, and represent knowledge. Interactive digital media
are beginning to replace traditional learning resources due to their ability to present information
in a multimodal, adaptive, and personalized manner (Darmawan, 2024; He, 2022). One medium
experiencing increasing use in schools is Flipbook Maker, a digital platform that enables the
creation of interactive books by integrating text, images, audio, animation, and video into a
single display (Rozanah & Pratiwi, 2025). Flipbooks are considered to have great potential in
enhancing the learning experience, as their format resembles a printed book but is supported
by multimedia features, making it easier for students to access material in a systematic and
engaging manner (Chairunnisa, 2025; Fitri, 2024).
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The development of digital learning media requires the use of a systematic and proven
instructional design model. This aligns with Dick and Carey's (2001) argument that learning
development is a system, not a series of spontaneous steps. Therefore, every component, from
needs analysis and goal formulation to student characteristics and learning strategies, to
formative and summative evaluation, must be designed in an integrated manner. The Dick &
Carey model has been recommended in various multimedia development studies because it
provides a rational framework and encourages continuous evaluation of media quality (Spatioti,
2022; Purnomo, 2024). Therefore, the development of a Flipbook Maker based on this model
will not only produce a technically feasible product but also be pedagogically effective.

Besides media effectiveness, a crucial issue in 21st-century education is the development
of creativity and problem-solving skills (Partnership for 21st Century Learning [P21], 2007). As
the digital world of work and life demands higher-order thinking skills, students need to be
engaged in learning processes that enable the exploration of ideas, the creation of digital
products, and independent decision-making. Guilford (1950) stated that creativity is a divergent
thinking ability that includes fluency, flexibility, originality, and elaboration, while Torrance
(1974) added that creativity can be enhanced through activities that provide space for students
to produce meaningful artifacts. Papert (1980) through constructionism theory emphasized that
learning involving the creation of digital products allows students to build deeper understanding
because of the connection between personal experiences and conceptual representations. In
this context, Flipbook Maker is a highly relevant medium because it is not only used for
information consumption but can also be a means for students to produce digital works that
reflect their creativity.

Previous research has shown that digital flipbooks can improve learning motivation, active
engagement, and cognitive learning outcomes (Rezeki, 2023; Ulfa, 2025; Nurramadhani, 2025).
Several international and national studies have even found that integrating flipbooks with digital
storytelling can enhance students' creativity and problem-solving (Chen et al., 2023; Fitri, 2024).
However, a critical review of the literature shows that most previous research focuses on media
feasibility and improving basic cognitive learning outcomes, rather than higher-order thinking
skills such as creativity or problem-solving. Furthermore, few studies integrate flipbook
development with robust instructional design models, such as Dick & Carey's, which ensure
alignment between content, learning strategies, and evaluation.

On the other hand, the effectiveness of flipbooks must also be analysed through the
perspectives of multimedia theory and cognitive load theory. Mayer (2001, 2005) emphasized
that multimedia learning is effective when verbal and visual information is processed through
different yet integrated cognitive pathways. The principles of coherence, modality, redundancy,
and segmentation are crucial in structuring flipbook pages to avoid cognitive overload. Sweller
(1988) and Paas & Sweller (2014) warn that media overloaded with decoration or excessive
visual elements can increase extraneous load, which actually hinders comprehension. Therefore,
flipbook development requires a systematic approach so that multimedia design maintains a
balance between visual appeal and cognitive efficiency.

Theoretical studies also suggest that the use of flipbooks in the classroom should be viewed
as part of a broader technology integration. The TPACK framework (Mishra & Koehler, 2006)
emphasizes that the effectiveness of learning technology is determined not only by its
technological features, but also by the alignment between content, pedagogy, and technology.
Teachers who understand how to integrate flipbooks into learning strategies such as project-
based or problem-based learning are able to maximize the potential of these media in
developing students' creativity and problem-solving skills (Bell, 2010; Cetinkaya, 2014).

Based on the synthesis of theory and previous research results, it can be concluded that
there is a significant research gap, namely:
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1. Most flipbook research only assesses the feasibility of the media and the improvement of
cognitive learning outcomes, but has not assessed creativity and problem solving as 21st-
century competencies.

2. There is minimal research developing flipbooks using the Dick & Carey model, even
though this model has been proven to improve the quality of media design systematically.

3. There has not been much research examining flipbooks as a medium for the production
of digital works by students, not just information consumption.

4. There has been no theoretical synthesis that combines the perspectives of Multimedia
Learning, Cognitive Load Theory, Constructionism, and TPACK in the development of
flipbooks.

Thus, research developing a Flipbook Maker based on the Dick & Carey model and assessing
its impact on problem-solving creativity is crucial to fill this scientific gap. This research is
expected to provide theoretical contributions in the form of integrating instructional models
with multimedia and creativity theory, as well as practical contributions in the form of
recommendations for effective media to improve 21st-century competencies.

METHODS

This study uses a Research and Development (R&D) approach with the Dick & Carey (2015)
model as a systematic framework for developing Flipbook Maker-based learning media. The
R&D approach was chosen because the research aims not only to find facts, but also to produce
product-oriented outcomes in the form of learning media whose effectiveness has been tested
(Branch, 2009; Plomp & Nieveen, 2013). The Dick & Carey model is relevant because it provides
comprehensive and structured instructional steps (Dick et al., 2015), making it suitable for
developing digital media aimed at enhancing students' problem-solving creativity.

This study applies R&D modifications by adjusting the formative and summative evaluation
stages as recommended by Tessmer (1993) and Nieveen (2015), with adjustments to the
number of trial cycles according to the elementary school context. The research design also
accommodates the analysis of problem-solving creativity using creative thinking indicators
according to Torrance (1974) and Silver (1997), so that media development can be tested not
only for technical functionality but also for its pedagogical impact.

Table 1. Stages of the Dick & Carey Development Model

Stage Main Components Academic Description
1 Identify Learning Objectives Detejrmination of learning objectives.based on needs analysis,
curriculum, and targeted competencies.
. . Breaking down the competency structure into basic skills and
2 Learning Analysis .
sub-skills.
3 Analysis of Student Identify students' initial abilities, learning styles, and
Characteristics cognitive characteristics.
4 Formulation of Specific The translation of learning objectives into measurable
Instructional Objectives performative objectives.
5 Evaluation Instrument Preparation of measuring instruments to test the
Development achievement of objectives.
6 Learning Strategy Formulation of strategies, learning activities, and teaching
Development scenarios.
7 Development & Material Development of digital media and teaching materials
Selection (Flipbook Maker) according to multimedia principles.
8 Formative Evaluation Expert validation, individual, small group, and field trials.
9 Product Revision Product improvement based on formative evaluation results.
10 Summative Evaluation Assessment of media effectiveness after full implementation.
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The Dick & Carey model is an instructional design approach that views learning as a system
with structured relationships between components (Dick & Carey, 2001). Table 1 explains
several stages. The first stage, identifying learning objectives, aims to determine the final
competencies to be achieved by students based on the curriculum, school needs, and a learning
gap analysis. Dick and Carey (2009) emphasize that learning objectives must be determined first
because all instructional components will be structured based on these objectives.

The second stage, learning analysis, is the step of mapping complex behaviour into
structured sub-skills that students must master (Dick et al., 2015). This analysis not only breaks
down tasks but also identifies prerequisites for students to achieve the main objectives.
Therefore, this step is crucial for designing learning media such as flipbooks that present content
hierarchically and sequentially.

The third stage, analysing initial student behaviour and characteristics, is particularly
relevant when using digital media. According to Reigeluth (2012), student characteristics such
as initial abilities, learning styles, and cognitive readiness significantly influence the success of
multimedia-based learning. Therefore, in this study, student analysis served as the basis for
determining the appropriate visuals, narrative, and navigation of flipbooks.

The fourth stage, formulating specific instructional objectives, is carried out to make
learning goals more operational and measurable. Objectives are formulated in the form of
observable performative behaviours, in accordance with Mager's (1997) principles. The
formulation of these performative objectives also serves as a reference for developing the
creativity rubric and problem-solving instruments.

In the fifth stage, assessment instrument development, Dick and Carey (2015) emphasized
the importance of aligning measurement tools with instructional objectives. Instruments such
as cognitive tests, creativity rubrics, and performance assessment sheets should be developed
before designing learning strategies to ensure goal-oriented assessment (Nitko & Brookhart,
2014).

The sixth stage is developing a learning strategy, which includes the sequence of material
presentation, the methods used, student activities, and the media selected. This strategy must
consider Mayer's (2005) multimedia principles, such as coherence, signalling, redundancy, and
modality. These principles ensure that the developed flipbook can optimize cognitive processing
and minimize students' cognitive load, as stated by Sweller (1988).

The seventh stage, namely material development and selection, includes the production of
flipbooks with appropriate visual design, narrative, segmentation, and text-image integration.
Papert (1980) emphasized that students learn better when interacting with digital products;
therefore, Flipbook Maker was chosen as a constructive medium that allows students to explore
ideas and develop creative competencies. Media development also took into account the TPACK
framework (Mishra & Koehler, 2006) so that technology integration is aligned with content and
pedagogy.

The eighth stage, formative evaluation, consists of expert validation, individual trials, small
group trials, and field trials. According to Tessmer (1993), formative evaluation provides crucial
feedback for improving media quality before full-scale implementation. In this context, material
experts assess the appropriateness of the content, while media experts assess the visual aspects,
navigation, and interactivity of the flipbook.

The ninth stage is product revision. Based on expert advice and trial findings, revisions are
made to correct errors in content, navigation, or visual appearance. Revision is an iterative
process that ensures the media fully meets pedagogical and technical standards (Gustafson &
Branch, 2002).

The final stage, summative evaluation, is conducted to assess the overall effectiveness of
the flipbook after its actual use in learning. Summative evaluation can involve analysing
improvements in creativity and problem-solving skills using standardized instruments such as
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the TTCT (Torrance, 1974) or the CPS rubric. According to Fitzpatrick et al. (2011), summative
evaluation ensures that the developed media has empirical impact and can be recommended
for widespread use.

Overall, the table and narrative above show how the Dick & Carey development model
provides a systematic, measurable, and evidence-based framework in designing Flipbook Maker
as a medium that not only delivers material, but also enhances students' cognitive and creative
processes.

In this case, the research procedure is carried out through three major phases:
development, validation, and effectiveness testing.

1. Development Phase

This stage follows Dick & Carey's sequence, starting with identifying learning needs
(Reigeluth, 2012), curriculum analysis, and analysing elementary school mathematics
competencies based on the Independent Curriculum. Student characteristics were analysed
using a learner analysis approach (Gagné et al., 2005), encompassing cognitive developmental
age (Piaget, 1972), digital learning preferences (Prensky, 2010), and initial mathematical
abilities.

The development of learning strategies refers to Mayer's (2009) multimedia theory, the
principles of digital interactivity (Clark & Mayer, 2016), and problem-solving theory (Polya,
1973). Flipbook Maker was developed with integrative features such as images, animations,
hyperlinks, and interactive exercises.

2. Validation Phase (Formative Evaluation)
Formative evaluation is carried out in three stages:

a. Expert review by experts in content, instructional design, and educational technology.
Expert validation refers to media quality standards according to Reeves (1992) and Nieveen
(2015).

b. One-to-One Try-out on 3 students to identify technical errors (Morrison et al., 2019).

c. Small Group Evaluation on 9 students to see the clarity of instructions and digital
navigation.

d. Field Test on a full class, analysing student responses and potential impact (Tessmer, 1993).

Validation data was analysed quantitatively using Likert scale assessment and qualitative
analysis based on content analysis (Miles et al., 2014).

3. Effectiveness Test Phase
Media impact testing was conducted through a pretest—post-test design (Creswell &
Creswell, 2018) by measuring problem-solving creativity based on indicators of fluency,
flexibility, originality, and elaboration (Torrance, 1974; Silver, 1997). Data analysis includes:
a. Normality & homogeneity tests to ensure the suitability of parametric statistics.
b. Paired t-test to see before—after improvements (Field, 2018).
c. Effect size (Cohen's d) to measure the strength of the intervention (Cohen, 1988).
d. Qualitative analysis of student answers, referring to the creative solution analysis model
(Kaufman & Beghetto, 2009).

In Table 2, the needs analysis stage is the foundation of the systems-based development
model, as it is at this stage that researchers identify gaps between ideal learning conditions and
actual practice in the field. Dick and Carey (2015) emphasized that needs analysis serves to
determine whether new media or instruction is needed to improve learning performance.
Similarly, Gagné et al. (2005) stated that needs identification must consider the applicable
curriculum, core competencies, and student characteristics as the basis for instructional design.
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Therefore, this stage not only maps competency demands but also explores students' initial
abilities and cognitive profiles—forming the foundation for subsequent design stages.

Table 2. Research Stages, Activities, and Theoretical Basis
Theoretical Basis /

Research Stage Activity

References
. Curriculum analysis; student characteristics analysis; Dick & Carey (2015);
Needs Analysis . . e
learning gap identification Gagne et al. (2005)
. Peveloplng Iearrung strategies; f9rmu|at|ng Mayer (2009); Polya
Design instructional objectives; developing assessment (1973)
instruments
Product .Fllpboolf Maker (?rea.tlon and de.5|gn;.text.—|n.1age—aud|o Clark & Mayer (2016)
Development integration; application of multimedia principles
Expert Formative evaluation by material experts and media Nieveen (2015); Reeves
Validation experts (1992)
Trials Individual (one-to-one) and small group trials Tessmer (1993)
Field Test Full-scale field testing in a real classroom Plomp & Nieveen
(2013)
. Pretest—post-test measurement; effectiveness analysis;  Creswell (2018); Cohen
Effectiveness . .
effect size calculation (1988)

The design stage is a strategic step that outlines learning objectives, teaching strategies,
and assessment instruments used to measure goal achievement. Mayer (2009) emphasized that
designing multimedia-based media must adhere to the principles of evidence-based multimedia
learning so that material can be optimally processed in working memory. Furthermore, Polya
(1973) explained that developing instructional objectives related to creativity and problem-
solving requires accommodating heuristic steps such as understanding the problem, planning a
strategy, implementing the plan, and evaluating the results. Thus, the design process ensures
that flipbook media is not only informative but also supports higher-order thinking processes.

In the product development stage, Flipbook Maker was designed with an integration of
text, images, animation, and audio that followed the principles of effective multimedia design.
Clark and Mayer (2016) emphasized that good digital media should minimize extraneous
cognitive load and maximize germane load through the application of principles such as
coherence, signalling, and modality. At this stage, the flipbook storyboard was systematically
compiled, followed by the technical process of creating content and user interfaces. This ensures
that the flipbook is not only visually appealing but also effective as a learning tool.

Expert validation is an essential part of formative evaluation to ensure product quality
before testing it on students. According to Nieveen (2015), validation by material experts, media
experts, and instructional design experts is necessary to ensure three main aspects: validity,
practicality, and initial effectiveness of the media. Reeves (1992) also emphasized that formative
evaluation must be conducted iteratively, involving experts to provide feedback based on theory
and empirical experience.

The pilot testing phase is conducted in two forms: one-to-one testing and small group
testing. Tessmer (1993) explains that individual testing aims to identify technical barriers and
errors in use by individual users, while small group testing aims to test the clarity of instructions,
the understandability of content, and the smoothness of interface interactions when used by
several students simultaneously. The findings at this stage provide an important basis for
product revisions before testing on a larger scale.

A full-scale field test is the stage where flipbook media is implemented in a real classroom
context. Plomp and Nieveen (2013) explain that field tests are conducted to assess the
practicality of classroom implementation, the level of student engagement, and the consistency
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of the media's effectiveness in learning. Field tests allow researchers to determine whether the
media can be used sustainably by teachers without intensive guidance.

The effectiveness stage is the culmination of the entire development process, where the
implementation of the media is tested through a quasi-experimental design using the pretest—
post-test method. Creswell (2018) emphasized that this design is used to assess significant
changes in learning outcomes before and after the intervention. Effect size calculations using
Cohen's (1988) formula are used to measure the strength of the media's influence on students'
creativity and problem-solving abilities. Thus, this stage ensures that Flipbook Maker is not only
valid and practical but also has a significant instructional impact.

RESULTS AND DISCUSSION
Results

The research results are presented based on three main phases: (1) validation and
formative evaluation of the flipbook product, (2) field trials, and (3) testing its effectiveness on
problem-solving creativity. Quantitative and qualitative analyses were used to ensure the
reliability of the findings.

1. Expert Validation Results
Media and material validation was conducted by three experts using a 4-point Likert scale
instrument. The validation results are summarized in Table 3.

Table 3. Results of Expert Validation of Media, Materials, and Learning

Validator Rated aspect Average Score Category
Subject Matter Expert content accuracy, coherence, relevance 3.78 Very Valid
Media Expert visual design, navigation, interactivity 3.65 Very Valid
Learning Expert alignment of goals—instruments—materials 3.82 Very Valid

Validation results showed that the flipbook met validity criteria, with an overall mean of
3.75, indicating that the product was suitable for use during the trial phase. The validators
emphasized that the design adhered to effective multimedia principles and that instructional
alignment supported quality learning.

2. Results of One-to-One and Small Group Trials

The initial pilot test involved three students (one-to-one) and nine students (small group).
Qualitative findings indicated that students were able to navigate the flipbook without
significant difficulty. They also demonstrated increased learning interest in the animation
features and interactive exercises. Minor revisions to text size, background colour, and
instruction clarity were made prior to the field test.

3. Field Test Results

Field trials were conducted on 30 fifth-grade students. Data showed an increase in learning
activity and digital participation scores. Most students rated flipbooks as “easier to understand
than textbooks” and “facilitate independent learning.” Participants were selected using a
purposive sampling technique, targeting students who had not previously used interactive
flipbook media in their science lessons.

4. Results of Media Effectiveness on Problem-Solving Creativity

A pretest—post-test design was used to measure problem-solving creativity based on four
indicators: fluency, flexibility, originality, and elaboration. The results of the statistical analysis
are summarized in Table 4. The paired t-test results showed a significant increase in all indicators
(p <.001). The effect size calculation yielded a Cohen's d value of 1.21, which falls into the large
effect category, indicating that flipbooks have a strong influence on problem-solving creativity.
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Table 4. Pretest—Post-test Results of Problem-Solving Creativity

Indicator Pretest (M) Post-test (M) Gain Significance (p)

Fluency 58.2 78.6 +20.4 p <.001

Flexibility 55.1 76.3 +21.2 p <.001

Originality 52.6 71.8 +19.2 p <.001

Elaboration 54.8 80.1 +25.3 p <.001
Discussion

The discussion section interprets the findings and relates them to relevant research,
without repeating references in the introduction.

1. Media Validity and Instructional Quality

The expert validation findings, which indicated a "very valid" category, confirmed that the
flipbook successfully met the principles of instructional design. The alignment between
objectives, content, and instruments reinforces the assumption that systematically developed
products tend to be highly effective. This aligns with the findings of Aydin and Usta (2020), which
demonstrated that instructional model-based design improves consistency between learning
components and the effectiveness of digital media.

Furthermore, the application of multimedia principles such as segmentation, visual
simplification, and audio integration supports cognitive efficiency. A study by Algahtani and
Alhumaidi (2021) reported that digital media that appropriately integrates text, visuals, and
animations improves students' conceptual understanding and learning attention.

2. Student Response and Quality of Learning Interactions

Findings from initial trials and field tests indicate that students are highly responsive to the
use of flipbooks. This medium has been shown to increase digital engagement and learning
motivation. This is consistent with research findings by Kuswandi and Riyana (2020), which
found that digital books increase student interaction and facilitate independent learning.

In the field test, students demonstrated the ability to understand instructions and complete
interactive exercises, indicating that flipbook navigation aligns with the cognitive characteristics
of elementary school-aged children. Visual support and interactive features appear to provide
students with the freedom to explore information, a prerequisite for developing creative
behaviour, according to research by Lee and Chen (2021).

3. Effectiveness on Problem Solving Creativity

Significant improvements in fluency, flexibility, originality, and elaboration indicators
indicate that flipbooks not only improve content comprehension but also divergent thinking
skills. This finding is supported by research by Rahmawati and Wibowo (2022), who found that
visual narrative-based digital media improves the ability to generate more ideas and a variety of
solutions.

The very large effect size (d = 1.21) confirms the strength of the intervention. A study by
Ferdiansyah and Haryono (2021) showed that interactive media based on systematic design
significantly contributed to problem-solving skills, particularly when students engaged in
independent exploration of digital environments.

These findings also support the idea that interactive digital media can activate higher-order
thinking skills through organizing information, providing challenges, and opportunities to
construct one's own representations. This is reinforced by international studies such as those by
Jamaludin and Osman (2020), which found that interactive media provides a conducive
environment for fostering creative reasoning and complex problem-solving.
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4. The Relationship between Instructional Design, Multimedia, and Creativity

The research results show that the combination of systematic instructional design and
multimedia design has a significant pedagogical impact. This combination supports the theory
that creativity thrives in a structured yet flexible learning environment. This finding aligns with
Kokotsaki's (2020) study, which showed that creativity increases when learning provides
measured direction but allows for exploration.

Instructional integration, such as open-ended problem presentations, interactive exercises,
and digital scaffolding in flipbooks, provides a learning experience that allows students to
construct creative solutions. A study by Han and Lim (2022) corroborates these findings, stating
that open-ended task-based digital media significantly enhances creative problem solving.

CONCLUSION

This study shows that the development of Flipbook Maker-based learning media using the
Dick & Carey instructional development model is proven effective in improving elementary
school students' problem-solving creativity. The development process, which follows systematic
stages including needs analysis, design, development, and formative and summative evaluation,
is able to produce digital media that is valid, practical, and has a significant pedagogical impact.
Validation by material experts, media experts, and learning experts provides a very valid
category, indicating that the alignment between learning objectives, digital content, and
instructional strategies has been well established.

The results of individual trials, small group trials, and field trials showed that Flipbook
Maker was easy to use, visually appealing, and able to increase student motivation and
engagement. These findings reinforce the view that appropriate multimedia integration can
create a more interactive and meaningful learning experience. Furthermore, the results of
effectiveness measurements using a pretest—post-test design showed a significant increase in
four indicators of problem-solving creativity: fluency, flexibility, originality, and elaboration, with
a large effect size. This proves that flipbooks function not only as an information medium but
also as a means of cognitive stimulation that supports higher-order thinking skills.

In addition to producing effective media, this research also provides a theoretical
contribution in the form of integrating four main perspectives of Multimedia Learning, Cognitive
Load Theory, Constructionism, and TPACK—in a single digital media development framework.
This synthesis shows that the effectiveness of learning technology is not only determined by the
quality of the technology, but also by the suitability of the media to the content, pedagogical
strategies, and characteristics of the learners. The practical contribution of this research is seen
in the provision of flipbooks that can be used by teachers as an alternative interactive learning
media that encourages creativity, problem-solving, and independent learning.

Thus, this study confirms that Flipbook Maker developed through Dick & Carey's systematic
approach is capable of being an innovative solution in 21st-century learning. This product is
worthy of widespread implementation and can be a reference for further research related to
multimedia integration with other instructional models and the development of higher-order
thinking competencies at various levels of education.
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ABSTRACT

Creative thinking skills are one of the 21st-century skills that students must possess. This study aims to
analyze the implementation of the Socio-Scientific Issues (SSI) approach to improve students' creative
thinking skills. The study identified gaps between textbook content and actual student misconceptions
in the Indonesian context. The research method used a literature review of scientific articles that align
with the research objectives. Scientific articles were sorted using the Publish or Perish (PoP) application
version 8 and selected based on the publication period between January 2021 and December 2025,
published in journals indexed by Sinta 1 and Sinta 5 and not as a literature review. Three articles were
obtained that met the selection criteria and met the article quality assessment. The results of the study
indicate that there is a positive impact of implementing the SSI approach on improving students'
creative thinking skills. The subject matter taught includes environmental change and conservation as
well as green chemistry. The SSl approach can be applied to various learning models, namely Interactive
Socio-Scientific Inquiry (ISSI), Problem-Based Learning (PBL), and Project-Based Learning (PjBL).
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INTRODUCTION

Creative thinking skills are one of the main foundations of modern education.
Progressiveness in various sectors demands educational transformation to develop 21st-century
skills including creative thinking, creative thinking, collaboration, innovation, and
communication (Andaresta & Irawan, 2025; Mulyono et al., 2023; Tang et al., 2020), as well as
developing the ability to apply knowledge in real-world forms (Dewra & Singh, 2025). PISA
classifies adolescents' creative thinking skills as encompassing three main elements: creative
manifestation, knowledge construction, and innovative problem solving (Karunarathne & Calma,
2024).

Creative thinking skills help build superior human resources (Sakdiah et al., 2023).
Academically, creative thinking helps individuals develop fluency, flexibility, originality, and
elaboration skills (Santoso et al., 2020). Furthermore, improving creative thinking skills is a factor
in shaping progressive and adaptive technology and culture (Beaty et al.,, 2018; Foster &
Schleicher, 2022). As a non-innate ability (Ritter & Mostert, 2017), creativity is seen as a complex
phenomenon that is invaluable to human thought (Zhang et al., 2020). Each individual's creative
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potential is inherent in cognitive functions, which can be developed through scientific learning
and training (Sun et al., 2020).

The results of the 2022 PISA study show that the basic literacy skills of students in Indonesia
lag behind those of several OECD (Organization for Economic Co-operation and Development)
countries. Reading literacy scores reached only 359 (OECD average 476), mathematics 366
(OECD 472), and science 383 (OECD 485) (Alfarugi & Nurwahidah, 2025). The OECD 2022 (2023)
study showed that only 66% of students in Indonesia lack scientific literacy proficiency. This
illustrates students' limitations in understanding and implementing scientific concepts
analytically and applicatively. Furthermore, the low level of efforts to develop creative thinking
skills can be seen in the results of the 2025 Global Innovation Index (Gll), where Indonesia ranked
55th out of 139 countries globally and 12th out of 17 countries in Southeast Asia, East Asia, and
Oceania. Indonesia's innovation performance in education has also declined in terms of input
innovation, with human capital and research being the worst (WIPO, 2025). These findings
indicate low innovation and creativity capabilities among Indonesian students. Therefore,
developing learning that is in line with current trends is increasingly urgent.

Students develop an understanding of scientific thinking concepts through science learning
(Vosniadou, 2019). Science learning plays a crucial role in building a sustainable society (Yunita
& Mandasari, 2025). Science learning teaches students to develop an understanding of scientific
thinking concepts, encouraging each individual to reflect on sustainable issues scientifically
through scientific inquiry, fact-based learning, and involvement in socio-scientific discussions
(Fernandez-Huetos et al., 2025; Hogan & O'Flaherty, 2021). The Socio-Scientific Issue (SSI)
approach integrates social and scientific factors to address relevant issues (Arthamena et al.,
2024; Ke et al., 2021; Zatdni & Mashfufah, 2025) in students' lives, which has implications for
creative thinking skills (Sa'diah et al., 2025).

Science and creativity are interrelated. Learning science requires individuals to think
creatively (Mulyono et al., 2023). Furthermore, the primary goal of science education is to
facilitate the development of creativity (Akram & Rana, 2025). The SSI approach has become
essential and integral to science education curricula, pedagogy, and research in various
countries over the past few decades (Hogstrom et al., 2025). This approach encourages students
to connect learning materials to real-life contexts, including environmental, social, and cultural
issues (Andaresta & lIrawan, 2025; Arifin & Nyet, 2024; Fujinami et al., 2025). While global
studies emphasize the importance of SSI, the implementation in developing countries,
particularly within Indonesian science textbooks, remains under-explored. Through the SSI
approach, students can build a bridge of understanding between theory and contextual life, as
well as develop scientific reasoning and social responsibility (Dusturia et al., 2024), and are
closely related to morals and ethics (Andaresta & Irawan, 2025; Anwar & Ali, 2020; Desstya et
al., 2024).

However, not many have discussed what learning models can be combined with SSI to
improve students' creative thinking skills, what instruments to measure creative thinking after
implementing SSl-based learning, what subjects/learning materials are appropriate to be taught
using SSI, and the impact of the SSI approach on students' creative thinking skills, so it is
necessary to conduct a literature review to analyze the application of the SSI approach in
learning.

METHODS

The research method applied in this study is a literature review. This review was
conducted by examining scientific articles to uncover several aspects, including substantive
findings, methodology on the research topic, and theoretical contributions to the research. The
steps of the literature review in this study are outlined in Figure 1 below (Dusturia et al., 2024).
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Figure 1. Literature review steps

The following is an explanation of each step in the flow:
Formulating research questions

This research question was formulated with the aim of making it easier for researchers to
answer the objectives of the research being conducted.

Table 1.Research Questions and Objectives

Research Questions Objective
Can the application of the Socio-Scientific Issues  Determining the influence of the application of
(SSI) approach improve students' creative the SSI approach in learning on students' creative
thinking skills? thinking abilities.
What are the results of students' creative Revealing the results regarding students' creative
thinking abilities after receiving learning by thinking abilities after participating in learning by
applying the SSI approach? applying the SSI approach.
What type of instrument is used to measure What type of instrument is used to measure
students' creative thinking abilities? students' creative thinking abilities?

Developing a conceptual framework
A conceptual framework design was developed at this stage to explain the variables in this
study. The conceptual framework in this study can be seen in the diagram below.

N N

[ Independent variable [ Dependent variable

3 m) &

Socio-Scientific Issues Students' creative

(SSI) Approach thinking skills
J J

Figure 2.Conceptual framework design
Developing scientific article selection criteria

In this third stage, researchers develop criteria for selecting scientific articles to be
reviewed. The selection criteria include acceptance and rejection criteria, as outlined below:
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Table 2. Acceptance and Rejection Criteria for Scientific Articles
Acceptance Criteria Rejection Criteria
Scientific articles were published between 2021 Scientific articles published before 2021.
and 2025.
Contains the application of the SSI approach which  Does not include the application of the SSI
is implemented through a learning model and has  approach which has an impact on students'

an impact on students' creative thinking abilities. creative thinking abilities.

Scientific articles are published in Sinta 1-5 Articles are not published in journals accredited
journals. by Sinta 1-5.

Not a literature review The article is a literature review

Developing a material sourcing strategy

In this fourth stage, steps were developed to search for scientific articles as material for
review. Scientific articles were searched using the Publish or Perish application version 8 by
entering several keywords, namely "Socio-Scientific Issue," "SocioScientific Issue," "Socio-
Scientific Issue," "SSI," "creative thinking," "creative thinking skills," "creative thinking,"
“creative thinking skills," with a year limit between 2021 and 2025.

Sorting materials using selection criteria
In this fifth stage, the scientific articles obtained are sorted using the selection criteria as
previously determined in the third stage.

Conducting article quality assessments
Scientific articles that have passed the selection criteria are reviewed based on quality
criteria by answering the following questions.(Dusturia et al., 2024):
a. Does the article title include the SSI approach and learning model used?
b. Isthe research method used appropriate to the purpose of writing this article?

The answers to the two questions above are to determine the learning model applied in the
research and also the research methodology used by the researcher.

Synthesis of research results
In this seventh stage, scientific articles that pass the selection criteria are reviewed. The
review is conducted to answer the previously established research questions

RESULTS AND DISCUSSION
Sorting materials using selection criteria

Referring to the article search results using the publish or perish application version 8 and
applying the keywords "Socio-Scientific Issue", "SocioScientific Issue", "Socio Scientific Issue",
"SSI", "creative thinking", "creative thinking skills", "creative thinking", "creative thinking skills"
with a publication year range between 2021 and 2025, the results were 95 articles. Furthermore,
all articles were reviewed based on predetermined criteria, namely containing the application
of the SSI approach in learning and impacting students' creative thinking skills, and scientific
articles published in Sinta 1-5 journals. Of the 95 articles, there are six articles containing the SSI
approach that impacts students' creative thinking skills. Furthermore, of the six articles, four
articles were published in Sinta 1-5 journals.
Conducting article quality assessments

Socio-Scientific Issues (SSl) is a learning approach and requires a learning model to
implement it. Of the four articles accepted based on the previous selection criteria, the SSI
approach and learning model are listed in the article titles, as shown in the following table:
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Table 3. Learning approaches and learning models

Article Code Approach Learning model
Al SSI Interactive Socio-Scientific Inquiry (1SSI)
A2 SSI Problem Based Learning (PBL)
A3 SSI Project Based Learning (PjBL)
A4 SSI Project Based Learning (PjBL)

The quality assessment of the articles continued by reviewing the research methods applied
in each article. Referring to the conceptual framework, the study included SSI as the
independent variable with creative thinking skills as the dependent variable with the aim of
determining how the application of the SSI approach in learning impacts students' creative
thinking skills. The four articles were analyzed and one article did not meet the purpose of this
article. This was because the study did not observe the impact of SSI implementation on
students' critical thinking skills, but rather conducted a survey of physics teachers' perceptions
of the implementation of SSI integrated with STEM based on PjBL used to improve students'
creative thinking skills on the topic of renewable energy. The study was not directly applied in
classroom learning but rather a survey of teachers' perceptions.

The following three articles align with the purpose of this article. The research methods
applied in each article are shown in the table below:

Table 4. Research Methods Applied

Article Code Research methods
Al Quasi Experiment
A2 Quasi Experiment
Ad Quasi Experiment

As seen in the table, all articles used a quasi-experimental research method with a pretest-
posttest control group design to collect data to determine students' learning outcomes in the
form of creative thinking skills. Based on the quality assessment of the articles used in this study,
as determined in the writing of this article, namely by answering two questions related to the
title and the suitability of the research method, three articles met the criteria. These three
articles will then be analyzed in the next stage, namely the synthesis of research results.

Synthesis of research results

This stage is completed by answering the previously formulated research questions. This
stage is conducted on three articles that have been sorted using selection criteria and article
quality assessments. The list of articles to be analyzed at this stage is listed in Table 5.

Table 5. List of Analyzed Articles

Article Article Title Publisher Journal Publication  Syntax
Code Year Index
Interactive Socio-Scientific Inquiry: The Journal of Mathematics and .
1 2022 2
A Effects on Creative Thinking Skills Natural Sciences Education 0 Sinta
The Effectiveness of the Problem Based
Learning Model Based on Socio-Scientific Journal of Chemical .
2 202
A Issues on Students' Creative Thinking Skills Education Research 024 Sinta 4
in Green Chemistry Material
The Effectiveness of PjBL-Socio Scientific
Issues-Based Student Worksheets on
Environmental Change and Conservation Al-Alam: Islamic Natural .
A4 2025 Sinta 5
Material on the Creative Thinking Skills of Science Journal inta
High School/Islamic Senior High School
Students
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Article A1 written by Tasya Indriani & Ummi Nur Afinni Dwi Jayanti (2022). The study was
conducted using a control group and an experimental group at the high school level. The control
group received the application of conventional learning activities according to the previous
teacher's teaching method, while the experimental class carried out learning activities using the
Interactive Socio Scientific Inquiry (ISSI) model. The subject taught was biology with the material
of environmental changes. Evaluation of creative thinking skills was carried out using a question
instrument containing five fill-in-the-blank questions. The fill-in-the-blank question instrument
used refers to five indicators of creative thinking skills, namely fluent thinking, flexible thinking,
original thinking, detailed thinking, and judgmental thinking. The assessment results showed
that the creative thinking skills of the experimental class were higher than those of the control
class. The pretest/posttest results of the experimental class were 66.80/91.40 while those of the
control class were 64.63/80.93. The effectiveness test used the N-Gain Test with the results of
the experimental class compared to the control class being 0.78:0.45 which showed that the
application of ISSI was more effective in improving students' creative thinking skills.
Furthermore, the hypothesis test using ANCOVA test with a significance level <0.05 shows that
HO is accepted so that the implementation of the ISSI model has an impact on improving
students' creative thinking skills. The ISSI learning model helps students to use a scientific
approach in analyzing problems and making decisions regarding issues related to social and
scientific issues around them. Socio-Scientific Issues (SSI) can create meaningful learning
through the exploration of social problems and their implementation in the school environment.

Article A2 written by Putri Nadlifah Tiara Nita & Ella I1zzatin Nada (2024). In the learning of
green chemistry material for grade X of high school, the researcher aimed to measure the
effectiveness of the application of the SSl-based PBL learning model on creative thinking skills in
different class groups, namely the experimental class and the control class. The experimental
class applied the SSI-based PBL model in learning, while the control class used conventional
methods. The test instrument was in the form of 8 open-ended questions adjusted to four
indicators of creative thinking skills, namely fluency, flexibility, originality, and elaboration. The
pretest/posttest results for the experimental and control classes were 59.87/72.17 and
55.25/64.68, respectively. The effectiveness test used an independent sample t-test while to
determine the increase in students' creative thinking skills, an effect size test (Cohend's d) was
used. Based on the test results, it shows that the application of PBL-SSI is effective in improving
creative thinking skills (t-test 0.001 <0.05) in the moderate category (effect test 0.708). The
application of SSI supports PBL, especially in improving divergent thinking and mutual opinion.
Divergent and argumentative thinking will stimulate fluency, flexibility, originality, and
elaboration in the creative thinking process.

Article A4 written by Messy Naitul & Fitri Arsih (2025). The study was conducted on high
school students in phase E (grade 10) for the material of environmental change and
preservation. There was one control class and one experimental class. The control class
implemented PjBL-based LKPD while the experimental class used PjBL-Socio Scientific Issues
(SSl)-based LKPD. The analysis in this study used hypothesis testing and N-Gain testing. The test
instrument consisted of 10 questions but the form of the instrument used for the pretest and
posttest was not mentioned in this article. The indicators of creative thinking skills measured
were fluency, flexibility, originality, and elaboration. The comparison of pretest results between
the control class and the experimental class was 33.83: 40.97 and the comparison of posttest
results between the control and experimental classes was 58.35: 73.89. The N-Gain test for the
control class was 37% while the experimental class was 55% with both in the moderate category.
Judging from the increase in students' creative thinking abilities in both the control and
experimental classes, it shows that learning that applies LKPD based on PjBL-Socio Scientific
Issues (SSI) provides a better impact on improvement compared to LKPD without using the SSI
approach. The obstacles faced in this study were that students were not yet accustomed to
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answering creative thinking questions, students were shy and not yet accustomed to expressing
their creative opinions so that it requires teacher efforts in providing triggers in the form of
relevant and meaningful real-world issues to further motivate students in learning.

Socio-Scientific Issues (SSI) emphasizes the implementation of science in life (Ke et al., 2020)
where contextual problems are integrated into learnin (Viehmann et al., 2024) which is based
on scientific concepts but requires reasoning related to its social dimensions so that it can be
responded to appropriately (Owens & Sadler, 2023) so that the integration will increase the
relevance of learning (Suryani & Anggraini, 2025). SSI encourages students to face challenges in
society through critical, interdisciplinary, and inquiry-based thinking that will impact their
conceptual insight and environmental literacy (Lubis et al., 2022; Viehmann et al., 2024). By
applying knowledge in a social context and reasoning about the relationship between scientific
and social factors, it will influence their position on the complex issues discussed.(Ke et al.,
2021). The existence of social conflict that is closely related to science in this approach will
require scientific thinking in its presentation.(Arthamena et al., 2024)With these characteristics,
the SSI approach can develop problem-solving skills.(Nugroho et al., 2025), in-depth contextual
understanding, improving problem-solving skills, critical reasoning, creative thinking,
argumentative abilities, motivation, and concern for the environment(Arthamena et al., 2024;
Dewi & Yahdi, 2025; Suryani & Anggraini, 2025). Thus, the position of SSI in forming students
with scientific insight is no longer debated.(Durak & Topgu, 2021). Its characteristics as an
approach are flexible to be applied through various learning models, especially having dominant
relevance in problem-based models such as inquiry, PBL, and PjBL (Dewi & Yahdi, 2025). Based
on this, the SSI approach can positively correlate with the development of 21st-century skills in
students. One important 21st-century skill is creative thinking, alongside critical reasoning,
problem-solving, and collaboration.(Dilekci & Karatay, 2023)The level of creative thinking skills
can be measured from four aspects, namely fluency, flexibility, originality, and elaboration
(Naitul et al., 2025). These four aspects can be stimulated through the application of SSI in
learning activities.(Nadlifah et al., 2024). The characteristics of SSI approach learning activities
are open and broad, ultimately developing critical thinking skills optimally (Astari et al., 2025).
Finally, SSl-based learning deserves further optimization to foster students' creative thinking
skills in the future.

CONCLUSION

Based on the research results referring to three articles obtained from the selection results
using several criteria, the implementation of the SSI approach in learning can encourage the
improvement of students' creative thinking skills. The assessment of creative thinking skills
applies a pretest and posttest design with essay-based questions developed according to
creative thinking skill indicators. The material taught to students using the SSI approach includes
environmental change and conservation as well as green chemistry for the science grass subject.
This study contributes to instructional technology by providing a framework for digitizing SSI-
based content that aligns with student conceptions, ultimately enhancing pedagogical practices
in 21st-century science education. The SSI approach is implemented using several learning
models, namely Interactive Socio-Scientific Inquiry (ISSI), Problem Based Learning (PBL), and
Project Based Learning (PjBL).

CONFLICT OF INTEREST
There are no conflicts of interest in the writing of this article.

ACKNOWLEDGEMENTS

The author would like to express sincere gratitude to the Indonesian Journal of Learning
and Instructional Innovation for their willingness to publish this article.

136



First Author et al.

REFERENCES

Akram, T. M., & Rana, R. A. (2025). Assessing Prospective Science Teachers' Creative Thinking
Ability to Solve Environmental Issues in Higher Education. Qlantic Journal of Social Sciences
and Humanities, 6(1), 254—-265. https://doi.org/10.55737/qjssh.vi-i.25314

Alfaruqi, AZ & Nurwahidah. (2025). Reflection on Indonesia's PISA Scores and the 2024
Madrasah Teacher Competency Assessment Results: Challenges in Enhancing Teacher
Competence. Jurnal Pendidikan IPS, 15(1), 11-19. https://doi.org/10.37630/jpi.v15i1.2559

Andaresta, DA, & Irawan, E. (2025). Study of Students' Creative Thinking Ability in Socio-Scientific
Issues Integrated Science Learning. Jurnal Pendidikan Dan Pembelajaran IPA Indonesia,
15(1), 13-24. https://doi.org/10.23887/jppii.v15i1.90153

Anwar, NP, & Ali, MA (2020). The effect of socio-scientific issue (SSI) based discussion: A student-
centred approach to the teaching of argumentation. Scholarship of Teaching and Learning
in the South, 4(2), 35-62. https://doi.org/10.36615/sotls.v4i2.76

Arifin, S., & Nyet, MS (2024). The Effect of Socioscientific Issues Approach and Design Thinking
on Entrepreneural Creative Thinking Among Secondary School Students. International
Journal of Modern Education, 6(21), 611-631. https://doi.org/10.35631/1JMOE.621045

Arthamena, V.D., Ayubi, M., Atun, S., & Suyanta, S. (2024). Use of Socio-Scientific Issues in
Chemistry Learning. Journal of Science Education Research, 10(1), 38-46.
https://doi.org/10.29303/jppipa.v10i1.6285

Astari, WY, Redhana, IW, & Tika, IN (2025). Implications of the Socio-Scientific Issues Approach
on Students' Creative Thinking Skills in Science Learning: A Systematic Literature Review.
Journal of Science Education Research, 11(10), 98-106.
https://doi.org/10.29303/jppipa.v11i10.12071

Beaty, R.E., Kenett, Y.N., Christensen, A.P., Rosenberg, M.D., Benedek, M., Chen, Q., Fink, A,,
Qiu, J., Kwapil, T.R., Kane, MJ, & Silvia, P.J. (2018). Robust prediction of individual creative
ability from brain functional connectivity. Proceedings of the National Academy of Sciences,
115(5), 1087-1092. https://doi.org/10.1073/pnas.1713532115

Desstya, A., Sayekti, IC, Rahmawati, FP, Hidayati, YM, Kaltsum, HU, Mahya, YMZ, Kamila, SJP,
Khotimah, NA, Fidyastuti, N., & Diaz, AM (2024). Development of a Natural and Social
Sciences Learning Model Based on Socio Scientific Issues to Strengthen Scientific Literacy
of Islamic Elementary School Students. Journal of Science Education Research, 10(11),
8703-8711. https://doi.org/10.29303/jppipa.v10i11.9094

Dewi, CA, & Yahdi, Y. (2025). Research Trends on Socio-Scientific Issues in Chemistry Learning:
A Systematic Review. Jurnal Pendidikan MIPA.
https://doi.org/10.23960/jpmipa.v26il.pp457-475

Dewra, Dr. S. D., & Singh, J. (2025). Innovative Approaches in Modern Education: Bridging Theory
and Practice. International Journal of Scientific Research in Engineering And Management,
09(05), 1-9. https://doi.org/10.55041/1JSREM46731

Dilekgi, A., & Karatay, H. (2023). The Effects Of The 21st Century Skills Curriculum On The
Development Of Students' Creative Thinking Skills. Thinking Skills and Creativity.
https://doi.org/10.1016/j.tsc.2022.101229

Durak, B., & Topgu, M. (2021). Socio-Scientific Issues and Model-Based Learning. /Gl Global
Scientific Publishing. 279-297. https://doi.org/10.4018/978-1-7998-4558-4.ch010

Dusturia, N., Nurohman, S., & Wilujeng, 1. (2024). Socio-Scientific Issues (SSI) Approach
Implementation in Science Learning to Improve Students' Critical Thinking Skills: Systematic
Literature Review. Journal of Science Education Research, 10(3), 149-157.
https://doi.org/10.29303/jppipa.v10i3.6012

Fernandez-Huetos, N., Pérez-Martin, J.M., Guevara-Herrero, |., & Esquivel-Martin, T. (2025).
Primary-Education Students' Performance in Arguing About a Socioscientific Issue: The Case

137


https://doi.org/10.55737/qjssh.vi-i.25314
https://doi.org/10.37630/jpi.v15i1.2559
https://doi.org/10.23887/jppii.v15i1.90153
https://doi.org/10.36615/sotls.v4i2.76
https://doi.org/10.35631/IJMOE.621045
https://doi.org/10.29303/jppipa.v10i1.6285
https://doi.org/10.29303/jppipa.v11i10.12071
https://doi.org/10.1073/pnas.1713532115
https://doi.org/10.29303/jppipa.v10i11.9094
https://doi.org/10.23960/jpmipa.v26i1.pp457-475
https://doi.org/10.55041/IJSREM46731
https://doi.org/10.1016/j.tsc.2022.101229
https://doi.org/10.4018/978-1-7998-4558-4.ch010
https://doi.org/10.29303/jppipa.v10i3.6012

First Author et al.

of Pharmaceuticals in Surface Water. Sustainability, 17(4), 1618.
https://doi.org/10.3390/su17041618

Foster, N., & Schleicher, A. (2022). Assessing Creative Skills. Creative Education, 13(01), 1-29.
https://doi.org/10.4236/ce.2022.131001

Fujinami, K., Shimomae, K., Shimada, K., & Isozaki, T. (2025). Incorporating Socio-Scientific Issues
in Science Classes: Co-Teaching with a Social Studies Teacher. Research in Science
Education, 55(4), 1005-1028. https://doi.org/10.1007/s11165-025-10270-0

Hogan, D., & O'Flaherty, J. (2021). Addressing Education for Sustainable Development in the
Teaching of Science: The Case of a Biological Sciences Teacher Education Program.
Sustainability, 13(21), 12028. https://doi.org/10.3390/su132112028

Hogstrom, P., Gericke, N., Wallin, J., & Bergman, E. (2025). Teaching Socioscientific Issues: A
Systematic Review. Science & Education, 34(5), 3079-3122.
https://doi.org/10.1007/s11191-024-00542-y

Indriani, T., Nur, U., & Dwi, A. (2022). Interactive Socio-Scientific Inquiry: The Effects on Creative
Thinking Skills. Journal of Mathematics and Natural Sciences Education, 23(8), 995-1005.
https://doi.org/http://dx.doi.org/10.23960/jpmipa/v23i3.pp995-1005

Karunarathne, W., & Calma, A. (2024). Assessing creative thinking skills in higher education:
Deficits and improvements. Studies in Higher Education, 49(1), 157-177.
https://doi.org/10.1080/03075079.2023.2225532

Ke, L., Sadler, T., Zangori, L., & Friedrichsen, P. (2020). Students' Perceptions of Socio-Scientific
Issue-Based Learning and Their Appropriation of Epistemic Tools for Systems Thinking.
International Journal of Science Education, 42, 1339-1361.
https://doi.org/10.1080/09500693.2020.1759843

Ke, L., Sadler, T., Zangori, L., & Friedrichsen, P. (2021). Developing and Using Multiple Models to
Promote Scientific Literacy in the Context of Socio-Scientific Issues. Science & Education,
30, 589-607. https://doi.org/10.1007/s11191-021-00206-1

Lubis, SPW, Suryadarma, I., Paidi, P., & Yanto, BE (2022). The Effectiveness of Problem-based
learning with Local Wisdom oriented to Socio-Scientific Issues. International Journal of
Instruction. https://doi.org/10.29333/iji.2022.15225a

Mulyono, Y., Yamtinah, S., & Sarwanto, S. (2023). Development of Critical and Creative Thinking
Skills Instruments Based on Environmental Socio-Scientific Issues. International Journal of
Instruction, 16(3), 691-710. https://doi.org/10.29333/iji.2023.16337a

Nadlifah, P., Nita, T., & Nada, El (2024). Efektivitas Model Problem Based Learning Berbasis Socio
Scientific Issue Terhadap Keterampilan Berpikir Kreatif Siswa Materi Kimia Hijau. Journal of
Chemical Education Research. 14(2), 136—143. https://doi.org/10.21009/JRPK.142.08

Naitul, M., Arsih, F., & Padang, UN (2025). The Effectiveness of PjBL-Socioscientific Issues-Based
Student Worksheets on Environmental Change and Conservation Material on the Creative
Thinking Skills of High School/Islamic High School Students. 4(2), 56—63.

Nugroho, A., Sajidan, S., Suranto, S., & Masykuri, M. (2025). The Effects of Socio-Scientific Inquiry
Based Learning on Students' Problem-Solving Skills. Journal of Baltic Science Education.
https://doi.org/10.33225/jbse/25.24.149

Owens, D., & Sadler, T. (2023). Socio-Scientific Issues Instruction for Scientific Literacy: 5E
Framing to Enhance Teaching Practice. School Science and Mathematics.
https://doi.org/10.1111/ssm.12626

Ritter, S. M., & Mostert, N. (2017). Enhancement of Creative Thinking Skills Using a Cognitive-
Based Creativity Training. Journal of Cognitive Enhancement, 1(3), 243-253.
https://doi.org/10.1007/s41465-016-0002-3

Sa'diah, C., Purwanto, A., & Koto, I. (2025). Development of E-Modules Based on Socio-Scientific
Issues to Improve the Creative Thinking Skills of High School Students. Journal of Physics
Learning Research, 16(2), 179-190. https://doi.org/10.26877/jp2f.v16i2.1435

138


https://doi.org/10.3390/su17041618
https://doi.org/10.4236/ce.2022.131001
https://doi.org/10.1007/s11165-025-10270-0
https://doi.org/10.3390/su132112028
https://doi.org/10.1007/s11191-024-00542-y
https://doi.org/http:/dx.doi.org/10.23960/jpmipa/v23i3.pp995-1005
https://doi.org/10.1080/03075079.2023.2225532
https://doi.org/10.1080/09500693.2020.1759843
https://doi.org/10.1007/s11191-021-00206-1
https://doi.org/10.29333/iji.2022.15225a
https://doi.org/10.29333/iji.2023.16337a
https://doi.org/10.21009/JRPK.142.08
https://doi.org/10.33225/jbse/25.24.149
https://doi.org/10.1111/ssm.12626
https://doi.org/10.1007/s41465-016-0002-3
https://doi.org/10.26877/jp2f.v16i2.1435

First Author et al.

Sakdiah, H., Wahdi Ginting, F., Sri Rezeki, N., & Miranda, A. (2023). The Effect of STEAM Learning
and Scientific Attitude on Students' Creative Thinking Skills. Proceedings of Malikussaleh
International  Conference on Multidisciplinary — Studies (MICoMS), 3, 00040.
https://doi.org/10.29103/micoms.v3i.204

Santoso, IB, Waluyo, J., & Hariyadi, S. (2020). Effectiveness of Science Textbooks Based on Socio-
Scientific Issues in Biotechnology Materials To Improve Creative Thinking Ability.
International Journal of Advanced Research, 08(04), 140-144.
https://doi.org/10.21474/1JAR01/10757

Sun, M., Wang, M., & Wegerif, R. (2020). Effects of divergent thinking training on students’
scientific creativity: The Impact of Individual Creative Potential and Domain Knowledge.
Thinking Skills and Creativity, 37, 100682. https://doi.org/10.1016/j.tsc.2020.100682

Suryani, Y., & Anggraini, W. (2025). The Effect of Socio-Scientific Issues Approach on Student
Learning Outcomes in Physics Learning: A Review. MIPA Incandescent Journal.
https://doi.org/10.29303/jpm.v20i3.8861

Tang, T., Vezzani, V., & Eriksson, V. (2020). Developing critical thinking, collective creativity skills
and problem solving through playful design jams. Thinking Skills and Creativity, 37, 100696.
https://doi.org/10.1016/].tsc.2020.100696

Viehmann, C., Cardenas, J. M. F., & Pefia, C. G. R. (2024). The Use of Socioscientific Issues in
Science Lessons: A Scoping Review. Sustainability. https://doi.org/10.3390/su16145827

Vosniadou, S. (2019). The Development of Students' Understanding of Science. Frontiers in
Education, 4, 32. https://doi.org/10.3389/feduc.2019.00032

World Intellectual Property Organization. (2025, December 2). Indonesia Ranking in the Global
Innovation Index 2025. WIPO. https://www.wipo.int/gii-ranking/en/indonesia

Yunita, L., & Mandasari, N. (2025). 21st-Century Skills-Oriented Science Education in the Context
of Higher Education: A Review. Panthera: Scientific Journal of Science and Applied
Education, 5(1), 40-49. https://doi.org/10.36312/panthera.v5i1.334

Zatdni, G.F., & Mashfufah, A. (2025). Development of Socio-scientific Issues-Based Teaching
Materials on Ecosystem Materials in Elementary School. Elementary School, 5(1), 68-78.
https://doi.org/10.24036/jlils.v5i1.150

Zhang, W., Sjoerds, Z., & Hommel, B. (2020). Metacontrol of Human Creativity: The
Neurocognitive Mechanisms of Convergent and Divergent Thinking. Neurolmage, 210,
116572. https://doi.org/10.1016/j.neuroimage.2020.116572

139


https://doi.org/10.29103/micoms.v3i.204
https://doi.org/10.21474/IJAR01/10757
https://doi.org/10.1016/j.tsc.2020.100682
https://doi.org/10.29303/jpm.v20i3.8861
https://doi.org/10.1016/j.tsc.2020.100696
https://doi.org/10.3390/su16145827
https://doi.org/10.3389/feduc.2019.00032
https://www.wipo.int/gii-ranking/en/indonesia
https://doi.org/10.36312/panthera.v5i1.334
https://doi.org/10.24036/jlils.v5i1.150
https://doi.org/10.1016/j.neuroimage.2020.116572

Indonesian Journal Of Learning and instructional Innovation

[ ¥ [ N
" ’ o ' " Volume 3, Issue 2 (2025), pp. 140-147 |, e-ISSN: 3025-8316

https://journal.uns.ac.id/ijolii | https://doi.orq/10.20961/ijolii.vXiX.3008

Developing a Digital Learning Management Strategy Using the Dick
and Carey Model to Enhance Junior High School Students’ Critical
Thinking in Biology Learning

Enggar Jati Sasongko?!, Djono?, Khoirur Rohmaniatush Sholihah3, Marchecal Carissima Haipa Putri?,
Abdul Muiz®
L34 5Educational Technology, Universitas Sebelas Maret, Surakarta, Indonesia
ZHistory Education, Universitas Sebelas Maret, Surakarta, Indonesia
E-mail:'enggarharleem12 @gmail.com*, 2djono@staff.uns.ac.id, >rohmaniatush@gmail.com,
4emmacarissima@gmail.com, *muizabdul84@gmail.com
*Corresponding Author

Article History: Received: December 15, 2025; Accepted: December 29, 2025, Published: December 31, 2025

ABSTRACT

Biology learning at the junior secondary school level faces increasing challenges in fostering students'
critical thinking skills as a core competency of the 21st century. International assessments consistently
indicate that students' higher-order thinking skills in science remain relatively low, highlighting the
need for learning strategies that emphasize systematic learning management rather than content
transmission alone. This study aims to develop and examine the effectiveness of a digital learning
management strategy through the integration of the Nearpod web-based platform using the Dick and
Carey instructional design model to enhance junior high school students' critical thinking skills in
Biology. This research employed a Research and Development (R&D) approach following the nine
stages of the Dick and Carey model, including needs analysis, instructional analysis, learner analysis,
instructional design, formative evaluation, revision, and field implementation. The participants
consisted of 72 eighth-grade students, three Biology teachers, two media experts, and one educational
technology expert. Data were collected through observations, questionnaires, critical thinking tests,
interviews, and Nearpod learning analytics, and analyzed using qualitative techniques and gain score
analysis. The results indicate an average increase of 26.8% in students' critical thinking skills (N-Gain
0.44), categorized as medium-high, demonstrating that systematically managed digital learning
effectively supports higher-order cognitive processes. The study concludes that integrating Nearpod as
a digital instructional management system within a coherent instructional design framework
significantly enhances Biology learning quality. This research contributes theoretically by linking
instructional design, digital learning management, and critical thinking development, and practically by
offering an implementable model for technology-enhanced science instruction.

Keywords: Biology Learning, Critical Thinking Skills, Dick and Carey Model, Digital Learning
Management, Nearpod
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INTRODUCTION

Biology learning at the junior high school (SMP) level faces increasingly complex challenges,
along with the need to strengthen critical thinking skills as part of 21st-century competencies.
Various international reports indicate that students' higher-order thinking skills remain
relatively low, particularly in science subjects that require evidence-based reasoning and in-
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depth conceptual understanding (OECD, 2019; OECD, 2023). This situation requires learning
strategies that are not only oriented towards content mastery but also focus on systematic
management of the learning process and focus on students' cognitive activities (Facione, 2015;
Ennis, 2018).

The development of digital technology has opened up vast opportunities for transforming
science learning, including biology. However, studies of educational technology emphasize that
technology integration does not automatically improve learning quality without adequate
instructional design and learning management (Kirkwood & Price, 2014; Selwyn, 2016). Many
digital learning practices still position technology solely as a medium for delivering content, thus
underutilizing its potential as a manager of learning activities, a monitor of cognitive processes,
and a provider of learning data (Dede, 2018; Mayer, 2020).

In the context of biology learning, these challenges are even more pronounced due to the
abstract, dynamic nature of the material, which is often difficult to visualize using conventional
methods. Previous research has shown that the use of interactive media and digital simulations
can improve science students' conceptual understanding and higher-order thinking skills,
provided they are integrated into a well-planned learning strategy (Smetana & Bell, 2012;
Mayer, 2020). Therefore, a systemic approach that integrates digital technology with strong
learning design principles is needed (Henderson et al., 2020).

Nearpod is a digital learning platform with potential as a learning management system. This
platform provides learning planning features, interactive presentation of materials, real-time
monitoring of student responses, and learning analytics that support data-driven instructional
decision-making (Fisher & Newton, 2020; Harpaz, 2021). Unlike conventional Learning
Management Systems (LMS) such as Moodle or Google Classroom, which often function
primarily as asynchronous repositories for material distribution, Nearpod allows for 'live session'
management. This enables teachers to control the pace of learning, provide immediate feedback
during the thinking process, and monitor student engagement synchronously—capabilities that
are crucial for managing the complex cognitive steps in the Dick and Carey model. Although
Nearpod has been extensively researched, most international research focuses on student
engagement or perceived usability, and little has been done to examine Nearpod as part of a
digital learning management strategy integrated with an instructional system design model,
particularly in junior high school biology (Mandinach & Gummer, 2016; Bond et al., 2020).

To bridge this gap, a systematic framework is essential. The Dick and Carey model offers a
learning systems design framework that emphasizes alignment between needs analysis,
instructional objectives, learning strategies, and evaluation. Instructional design literature
suggests that implementing a systemic model like Dick and Carey's contributes significantly to
the success of digital learning by ensuring instructional coherence and constructive alignment
between learning components (Reigeluth, 2013; Dick et al., 2015). However, empirical studies
integrating the Dick and Carey model with web-based digital learning platforms in the context
of junior high school biology learning are still relatively limited.

Although extensive research has been conducted on learning technology and critical
thinking (Putra & Lestari, 2021; Wahyuni, 2022), studies integrating Nearpod into a digital
learning management perspective based on the Dick and Carey model in junior high school
biology learning are still limited. Most studies focus solely on media effectiveness or improving
learning outcomes, without examining how technology is managed as part of a comprehensive
learning system. Therefore, this study is crucial to fill this gap by analyzing digital learning
management strategies through the integration of web-based Nearpod in an effort to improve
junior high school students' critical thinking skills in biology learning.

Based on the above explanation, this research aims to develop and test a digital learning
management strategy through the integration of web-based Nearpod with the Dick and Carey
model to improve junior high school students' critical thinking skills in Biology learning. This
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research lies in the integration of Nearpod not only as a digital learning medium, but also as a
digital learning management instrument systematically designed using the Dick and Carey model
in the context of junior high school biology learning. This research provides a theoretical
contribution by expanding the study of educational technology that links instructional system
design, digital learning management, and the development of critical thinking in an integrated
manner. Practically, this research offers an implementation model that can be used as a
reference for teachers, schools, and policymakers in managing technology-based science
learning in a structured, data-driven manner, and oriented towards the development of 21st-
century skills.

METHODS
Research Design

This study uses a Research and Development (R&D) approach with the main objective of
producing and testing the effectiveness of a learning product in the form of a web-based digital
learning management strategy through the integration of Nearpod in junior high school Biology
learning. The R&D approach was chosen because it is not only oriented towards testing theory,
but also on developing systematic, contextual, and applicable instructional solutions in real
educational environments (Borg & Gall, 2003; Richey & Klein, 2007).

The development framework used is the Dick and Carey instructional design model, which
views learning as an integrated system of objectives, materials, strategies, media, and evaluation
(Dick et al., 2015). This model is relevant in the context of educational technology because it
allows for the structured and sustainable integration of digital technology into learning
management. In this study, the Dick and Carey model is used not only as an instructional design
guide but also as a managerial framework for managing Nearpod-based digital learning. The
development followed nine integrated stages:

1. Learning Needs Analysis (Identify Instructional Goals)

The initial stage was conducted to identify gaps between the current Biology learning
environment and the desired ideal environment. A needs analysis was conducted through
preliminary studies, classroom observations, interviews with Biology teachers, and analysis of
curriculum documents. This stage aimed to determine the need for digital learning development
that could enhance students' critical thinking skills (Branch, 2009; Morrison et al., 2019).

2. Conduct Instructional Analysis

Learning analysis was conducted to outline the basic competencies of junior high school
biology, which require critical thinking skills, particularly in the aspects of analysis, evaluation,
and inference. At this stage, researchers identified the cognitive skill steps that students must
master to optimally achieve biology learning objectives (Gagné et al., 2005; Ennis, 2018).

3. Analyze Learners and Contexts

This stage aims to analyze the characteristics of eighth-grade students, including their initial
biology skills, digital literacy levels, learning styles, and school infrastructure readiness. Context
analysis is conducted to ensure that the digital learning design aligns with the actual conditions
of the school environment and supports the effective implementation of Nearpod (Reigeluth,
2013; Selwyn, 2016).

4. Formulating Learning Objectives (Write Performance Objectives)

Based on the analysis of student needs and characteristics, learning objectives are
formulated specifically, measurably, and oriented toward developing critical thinking in biology.
The formulation of objectives refers to the principles of outcome-based education and
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constructive alignment, so that objectives, activities, and evaluations are in a systemic alignment
(Biggs & Tang, 2011).

5. Developing Assessment Instruments

An assessment instrument was developed to measure Biology students' critical thinking
skills, encompassing indicators of analysis, evaluation, and inference. The instrument consisted
of descriptive and reasoned-choice tests designed in accordance with Ennis and Facione's critical
thinking framework. The instrument's content validity was assessed by experts, while its
reliability was tested using the Cronbach's Alpha coefficient (Facione, 2015; Nitko & Brookhart,
2014).

Developing an Instructional Strategy: The learning strategy was designed by integrating
Nearpod features, such as interactive slides, open-ended questions, collaborate boards, time to
climb, and real-time quizzes. This strategy was designed to encourage active student
engagement and facilitate higher-order thinking processes in Biology learning. This approach
aligns with the principles of technology-enhanced learning and active learning in educational
technology (Dede, 2018; Mayer, 2020).

Developing and Selecting Instructional Materials Biology learning materials are developed
in the form of digital content on the Nearpod platform, including visualizations of biological
processes, learning videos, interactive simulations, and formative questions. Material
development takes into account the principles of multimedia learning so that students' cognitive
load remains optimally managed (Mayer, 2020).

6. Formative Evaluation (Design and Conduct Formative Evaluation)

Formative evaluation is conducted through expert review, one-to-one trials, and small
group trials. This stage aims to obtain feedback to improve the quality of the learning design and
ensure the product's applicability before wider field implementation (Tessmer, 1993; Dick et al.,
2015).

7. Revision and Field Implementation (Design and Conduct Summative Evaluation)

The final stage involved product revision based on the results of the formative evaluation
and the implementation of Nearpod-based digital biology learning in the experimental class. The
implementation aimed to test the effectiveness of digital learning management strategies in
improving students' critical thinking skills.

Research Subjects and Ethical Considerations

The research subjects consisted of 72 eighth-grade junior high school students, three
biology teachers, two instructional media experts, and one educational technology expert.
Subjects were selected using a purposive sampling technique, considering their direct
involvement in the development and implementation of digital learning (Creswell & Plano Clark,
2018). Regarding ethical considerations, the researchers obtained formal research clearance
from the participating school’s administration. Furthermore, informed parental consent was
secured for all 72 student participants, ensuring they were aware of the data collection process
and that their anonymity would be maintained throughout the publication.

Data Collection Technique

Research data was collected through several techniques, namely: (1) observation of
Nearpod-based Biology learning to see the implementation of digital learning management
strategies; (2) student and teacher response questionnaires to measure perceptions of the
practicality and acceptability of the product; (3) Biology critical thinking ability tests in the form
of pretests and posttests; (4) teacher interviews to obtain qualitative data related to the
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managerial aspects of digital learning; and (5) documentation of Nearpod activities in the form
of student-paced reports and class reports.

Data Analysis Techniques

Data analysis was conducted qualitatively and quantitatively. Qualitative data were
analyzed through data reduction, data presentation, and drawing conclusions to describe the
implementation and management of digital learning (Miles et al., 2014). Quantitative data were
analyzed using N-Gain score calculations to assess improvements in critical thinking skills and
learning effectiveness. Instrument validity and reliability were analyzed to ensure the accuracy
of learning outcome measurements.

RESULTS AND DISCUSSION
Results

The implementation of the digital learning management strategy using the Dick and Carey
model involved 72 eighth-grade students. The quantitative results indicate a significant
improvement in students' critical thinking skills, with an average increase of 26.8% across three
key domains. These findings are summarized in Table 1 below:

Table 1. Comparison of Students' Pre-test and Post-test Critical Thinking Scores

Indicator of Critical Pre-test Post-test Gain N-Gain Interpretation
Thinking Mean Mean (%) Score
Analysis 63.5 80.2 26.3% 0.46 Medium
Evaluation 61.2 78.5 28.3% 0.45 Medium
Inference 62.5 78.6 25.8% 0.43 Medium
Overall Average 62.4 79.1 26.8% 0.44 Medium-High

Observations of the learning process also showed that the Nearpod platform effectively
recorded student engagement. Analytics from Nearpod’s reports provided real-time data on
student participation in interactive quizzes, collaborative boards, and open-ended responses,
which served as the basis for formative assessment during the Biology lessons.

Discussion

The significant increase in students' critical thinking skills (26.8%) demonstrates that a
systematically managed digital learning environment can optimize high-level cognitive activities.
This finding aligns with the principles of constructive alignment, where the success of technology
integration depends on the coherence between learning objectives, instructional strategies, and
evaluation (Biggs & Tang, 2011; Ennis, 2018; Facione, 2015).

From an educational technology perspective, the results of this study reinforce the view
that digital technology does not automatically improve the quality of learning. The positive
impact of technology depends heavily on the quality of instructional design and accompanying
learning management (Kirkwood & Price, 2014; Selwyn, 2016). Nearpod in this study was
integrated through the analysis of needs, student characteristics, and the demands of the junior
high school biology curriculum, ensuring its use is contextual and goal-oriented (Dick et al.,
2015). This approach aligns with the view that learning technology will be effective when used
strategically to support complex thinking processes and meaningful learning (Dede, 2018).

Observations and analysis of student activity data indicate that Nearpod functions beyond
conventional learning media and serves as a digital learning management tool. This platform
provides comprehensive support ranging from lesson planning and interactive learning
implementation, real-time monitoring of the learning process, to data-driven evaluation
through learning analytics (Ifenthaler & Yau, 2020; Viberg et al., 2018). Nearpod's automated
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reporting feature allows Biology teachers to obtain a comprehensive overview of student
engagement levels, conceptual understanding, and responses to each learning activity, as
recommended in the technology-enhanced learning literature (Gasevic et al., 2016; Siemens &
Long, 2011). This allows for rapid, adaptive, and empirically evidence-based instructional
decision-making.

This approach aligns with the concept of data-informed instruction in educational
technology, which emphasizes the use of learning data to improve teaching quality and student
learning outcomes (Mandinach & Gummer, 2016; Datnow & Park, 2019). In biology, data from
students' responses to open-ended questions, formative quizzes, and collaborative activities
provides teachers with important diagnostic information to identify misconceptions, adjust
instructional strategies, and design appropriate follow-up actions (Black & Wiliam, 2009; Shute,
2008). This suggests that Nearpod contributes to improving the quality of digital classroom
management, particularly in science subjects that require continuous, evidence-based
monitoring of conceptual understanding (OECD, 2019).

The successful integration of Nearpod in this study is inseparable from the role of the Dick
and Carey model as a learning system design framework. This model provides a systemic and
structured approach to developing technology-based biology learning by placing objectives,
strategies, and evaluations in a single system (Dick et al., 2015; Branch, 2009). The stages of
needs analysis and student characteristics analysis ensure that the content, activities, and
evaluations developed are relevant to the cognitive development level of junior high school
students and aligned with the core competencies of the curriculum (Anderson & Krathwohl,
2001; Merrill, 2013). The integration of critical thinking assessment instruments from the design
stage strengthens instructional coherence and the quality of learning assessments (Nitko &
Brookhart, 2014; Brookhart, 2010).

This finding is consistent with the instructional systems design literature, which emphasizes
that the effectiveness of digital learning is largely determined by the alignment between
components of the learning system, not by technological sophistication alone (Reigeluth, 2013;
Morrison et al., 2019; Richey et al., 2011). In the context of educational technology, the use of
the Dick and Carey model helps Biology teachers transform from mere technology users to
instructional designers capable of designing, managing, and evaluating digital learning
reflectively and sustainably (Ertmer & Ottenbreit-Leftwich, 2013; Trust et al., 2017).

Despite the positive outcomes, this study identifies a critical limitation regarding the digital
divide. The "Live Participation" feature of Nearpod, which was central to this management
strategy, requires high-speed internet stability. In rural school settings with limited bandwidth,
teachers may face challenges in maintaining the real-time monitoring flow. Future research
should explore the adaptation of this strategy in "Student-Paced" modes to ensure that the
benefits of digital learning management are accessible to students in varied technological
contexts.

CONCLUSION

This study concludes that a digital learning management strategy through web-based
Nearpod integration designed using the Dick and Carey model has proven effective in improving
junior high school students' critical thinking skills in Biology learning. The 26.8% increase in
critical thinking skills in the medium-high category indicates that systematically managed digital
learning can optimize students' higher-level cognitive activities, particularly in the aspects of
analysis, evaluation, and scientific inference. These findings confirm that the success of
technology-based learning is not determined by the platform alone, but by the quality of the
instructional design and accompanying learning management.

The integration of Nearpod in this study demonstrates a shift in the function of learning
technology from simply a medium for delivering content to a digital learning management
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system that supports integrated, data-driven learning planning, implementation, monitoring,
and evaluation. The use of interactive features and learning analytics enables biology teachers
to make adaptive, evidence-based instructional decisions, thereby sustainably improving the
quality of science learning management.

The Dick and Carey model plays a significant role in ensuring alignment between learning
objectives, learning strategies, learning activities, and evaluation. The systemic approach
offered by this model helps maintain instructional coherence and constructive alignment in
digital biology learning, while also strengthening the role of teachers as instructional designers
capable of strategically, reflectively, and measurably managing learning technology.

Theoretically, this research enriches the study of educational technology by providing
empirical evidence that the integration of instructional system design and digital learning
platforms can significantly improve students' critical thinking skills in the context of science
learning. Practically, the findings of this study provide implications for teachers, schools, and
policymakers to develop and implement structured, data-driven digital learning management
strategies oriented toward strengthening 21st-century competencies, particularly in Biology
learning at the junior high school level.
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ABSTRACT

21st-century education requires students to master the 4C skills, which include critical thinking,
collaboration, communication, and creativity. This study is based on the problem of low student
analytical skills influenced by the dominance of teacher-centered learning, limited use of digital media,
and the inconsistency of learning strategies with the demands of 21st-century competencies. This study
aims to examine the use of gamification-based learning and problem-based learning in improving
students' critical thinking skills. The research method used in this study is a literature review method
by compiling various national and international publications published in the last five years collected
through searches of academic databases (Scopus, Google Scholar, DOAJ, and Sinta). The results of the
study indicate that the application of gamification and problem-based learning has provided consistent
improvements in student motivation, engagement, and learning outcomes. Educational games have
provided a learning environment that allows for independent exploration, strengthening reflective
reasoning, and improving decision-making skills. However, the effectiveness of implementing this
strategy is still influenced by the teacher's pedagogical competence, the availability of technological
infrastructure, and the quality of alignment between game design and learning objectives. Based on
the synthesis results, this study concludes that the integration of gamification and problem-based
learning has strategic potential to support the transformation of learning toward a more adaptive and
learner-oriented approach. These findings are expected to form the basis for developing innovative
learning models that are relevant and effective in strengthening students' critical thinking skills.

Keywords: 21st Century Skills, Chemistry Learning, Critical Thinking, Gamification, Problem-based
Learning
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INTRODUCTION

The rapid development of technology in the 21st century has impacted various aspects, one
of which is education. 21st-century education faces increasingly complex challenges along with
the development of digital technology and global demands. 21st-century education emphasizes
students' development of the 4C skills: critical thinking, creativity, collaboration, and
communication (Khafidh et al., 2025). These four skills are not only indicators of success in
learning but also key assets in facing future challenges. Efforts to improve the quality of 21st-
century skills will ensure improved education. Therefore, education must shift from
conventional learning to one that is adaptive and relevant to current developments.
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Critical thinking is one of the main skills in facing the challenges of the 21st century by
involving the activities of receiving, processing, analyzing, and evaluating the information
obtained to solve problems. However, its realization in the field has not been as expected, critical
thinking skills in Indonesia are still relatively low (Amini et al., 2021). In the learning process,
students' thinking skills can be developed through meaningful experiences, including problem-
solving in the classroom. Teachers must be able to use appropriate media to motivate students
to participate in the teaching and learning process and thus be able to absorb the material being
studied (Efendi, 2022). The use of educational media and technology has proven effective in
improving students' critical thinking skills. Schools that successfully integrate technology
effectively are able to provide a more dynamic learning experience (Kusuma et al., 2024).

The current curriculum actually encompasses 21st-century skills in content, process, and
assessment standards. However, in practice, learning remains teacher-centered (Arifin & Mu'id,
2024), characterized by the dominance of lecture methods and mechanical questions. Many
teachers use more printed media, which causes students to feel bored during the learning
process, so that students' academic grades and critical thinking skills are not honed properly
(Kusuma et al., 2024). In addition to the factors mentioned above, the low student achievement
in Indonesia can also be traced to the wide gap between curriculum policies, teacher capacity,
and actual classroom conditions. Although the curriculum has adopted the principles of Higher
Order Thinking Skills (HOTS), its implementation is hampered by the dominance of lecture
methods and mechanical questions, which keep learning teacher-centered.

Study Rofi'ah & Rokhmaniyah, (2024), found that 85% of students still fall into the very low
critical thinking skill category, with the primary cause being the conventional learning model.
Furthermore, many teachers' pedagogical and technological competencies in designing inquiry-
based learning and utilizing digital media are not evenly distributed, particularly in areas with
limited access and facilities. This is exacerbated by a lack of ongoing training and an assessment
system that does not fully measure analytical-evaluative thinking processes. As a result, students
lack the space and meaningful experience to explore, argue, and solve problems, thus under-
developing their critical thinking skills (Alfidyah, 2025).

21st-century teachers must be able to utilize technology and digital media as ideal
instruments to provide enjoyable learning experiences for students. Batubara (2021), Digital
learning media is a variety of teaching materials presented in visual form and can be accessed,
processed, and shared through digital devices. Besides being known as multimedia, this type of
media includes various forms of content such as audio, video, images, and animations that are
used to increase student interest in the material being studied. The use of digital media as a
medium for delivering learning materials is one of the most effective methods, because digital
media is a medium that keeps up with the times and can be adapted to students' needs, abilities,
and interests. The purpose of using digital media in the classroom is to make it easier for
teachers and help students understand the material being explained (Fadiyah et al., 2024).

To address the persistence of teacher-centered learning, a fundamental shift in pedagogical
strategy is required by integrating Problem-Based Learning (PBL) with gamification. PBL
systematically shifts the teacher's role from a primary information source to a facilitator, placing
students at the center of the learning process as they navigate real-world problems. When
integrated with gamification, this model overcomes the passivity of traditional classrooms by
utilizing game elements—such as points, badges, and challenges—to foster intrinsic motivation
and active engagement. This combination creates a "joyful learning" environment where
students are not just passive recipients of information but active explorers, allowing them to
strengthen reflective reasoning and decision-making skills through structured, interactive
participation.

Various studies show that the integration of gamification and interactive media in learning
has the potential to improve critical thinking skills Lutfi (2023), reported that gamification in
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chemistry learning can achieve learning completion, encourage more student-centered learning,
and increase student motivation, curiosity, self-efficacy, and happiness, making it a suitable
alternative for implementing the Independent Curriculum. Furthermore, Lukman et al. (2024)
shows that practical and effective gamification-based mathematics teaching materials improve
junior high school students' critical mathematical thinking skills with a moderate improvement
category. In line with this, Pradnyana et al. (2025) proves that interactive gamification-based
learning media in the Basic Computer and Network subject can be a source of independent and
guided learning, while also contributing to improving students' critical thinking skills.

METHODS

This study employed a qualitative approach with a literature review model. This approach
was chosen to examine, collect, and reconstruct various previous research findings related to
Problem-Based Learning (PBL) and its influence on improving critical thinking skills. The study
materials were obtained from national and international journal articles, scientific proceedings,
and academic literature published within the last five years (2021-2025), ensuring the
information remains relevant and reflects the latest developments.

References were collected through several scientific databases, such as Scopus, Google
Scholar, the Directory of Open Access Journals (DOAJ), and Sinta. The search was conducted
using keywords including "problem-based learning," "gamification," "critical thinking skills," and
"chemistry learning," along with variations of similar keywords.

The data collection process was conducted systematically, starting with establishing
inclusion and exclusion criteria, The inclusion criteria for this study were: (1) articles published
between 2020 and 2025; (2) studies specifically discussing the integration of gamification or PBL;
(3) research measuring critical thinking skills as a primary outcome; and (4) articles written in
English or Indonesian. Conversely, the exclusion criteria were: (1) articles focusing solely on
general game-based learning without a PBL framework; (2) studies published before 2020; and
(3) papers without full-text access.

Following these criteria, the selection process moved from initial screening through a
review of titles and abstracts to reading the entire manuscript to ensure content consistency.
Through this rigorous selection process, 5 key articles (N=5) were identified as meeting all
criteria and were selected as the primary sources for synthesis. Important information recorded
included the research design, study context, key findings, and limitations of each work.

The collected data was analyzed using content analysis. The analysis process included data
reduction by selecting the most relevant literature, grouping it into thematic categories such as
motivation, engagement, problem-solving skills, adaptability, and implementation constraints,
and then synthesizing it to obtain a more comprehensive overview and narrative reasoning. The
selection of literature sources was carried out using a purposive sampling technique, where the
researcher deliberately selected research considered the most representative and appropriate
to the focus of the study.

RESULTS AND DISCUSSION
Results

Based on literature studies through various scientific databases, namely Scopus, Google
Scholar, Directory of Open Access Journals (DOAJ), and Sinta, using the keywords problem-based
learning, gamification, critical thinking skills, and chemistry learning along with variations of
equivalent terms. Five primary studies (N=5) and supporting literature were analyzed using
content analysis techniques through data reduction stages, grouping into main themes such as
motivation, involvement, problem-solving skills, adaptability, and implementation constraints,
as well as compiling narrative synthesis to obtain a comprehensive picture. The selection of
literature sources was carried out using purposive sampling techniques to ensure the depth of
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analysis in accordance with the focus of the study. The following is a summary of data from
various international and local studies relevant to the implementation of Problem Based
Learning (PBL) with gamification media in improving critical thinking skills.

Table 1. Summary of Referenced Research

Study Focus/Subject Key Mechanics Impact on Critical Thinking (Conclusion)
Lutfi Chemistry Student- Gamification in chemistry learning can train
(2023) Learning Centered curiosity, increase self-confidence, and critical
Rewards & thinking skills in solving complex chemical
Pathways problems.

Sandietal. Chemistry PBL-based e- The use of e-Modules based on Problem Based

(2025) Learning Modules Learning is effective in improving students' critical
thinking skills in electron configuration material.

Rahmasari  General Gamified The implementation of gamification-based

(2025) Education Evaluation Tools evaluation tools is not only a means of assessment,
but also an effective pedagogical strategy to
strengthen conceptual understanding and thinking
skills in the digital era.

Asmietal. High School PBL Syntax Problem Based Learning is able to improve the

(2024) (General) critical thinking skills of high school students, as
evidenced by the N-Gain value of 0.48 (medium
category) and an increase in the average score of
critical thinking skills of 55%, higher than the
control class which only increased by 35%.

Ahmar & Science or PBL, Animation PBL-based learning combined with gamification

Azzajjad Chemistry and and animation has proven to be more effective in

(2025) Learning Gamification improving students' 21st-century skills than lecture
and question-and-answer methods.

Discussion

1. The Urgency of Improving High-Level Cognitive Skills in the Digital Era

All reviewed sources highlight a critical gap between 21st-century skill requirements and
current conventional learning environments in Indonesia. Critical thinking and spatial abilities
are recognized as higher-order cognitive skills crucial for solving complex problems, particularly
in science and mathematics (Ahmar & Azzajjad, 2025; Angelelli et al., 2023). Within the context
of Chemistry, these skills are indispensable for mastering abstract concepts that cannot be
observed directly. However, reports such as TIMSS and PISA consistently show that Indonesian
students' achievement in spatial reasoning remains low. This is exacerbated by a tendency
toward monotonous, passive learning. Therefore, a pedagogical transformation is needed to
develop thinking skills that are vital for the "digital native" generation (Berlin & Berlin, 2021).

2. Problem Based Learning (PBL) as a Core Pedagogical Framework

The Problem-Based Learning (PBL) model has emerged as a major pedagogical framework
to address these challenges by placing real-world problems as a context for learning (Ahmar &
Azzajjad, 2025; Miterianifa et al., 2021). PBL places real-world problems as a context for students
to acquire essential concepts and learn about critical thinking (Asmi et al., 2024; Oktaviani &
Munahefi, 2025; Sandi et al., 2025; Wahyudiati, 2022). In the context of chemistry, PBL is used
in the development of E-Modules for the material Electron Configuration and Electrolyte or Non-
electrolyte Solutions, where this module guides students through the PBL syntax to analyze and
find solutions to contextual problems (Sandi et al., 2025). The combination of PBL with
appropriate media provides opportunities for students to develop analytical, evaluation, and
problem-solving skills in both mathematics and chemistry.
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3. Technology Integration Strategy: Gamification and Interactive Media

To address the issues of student engagement and media appeal in conventional PBL, the
integration of visual technology and gamification is a superior solution. Gamification is defined
as the use of game elements (such as points, badges, levels, and challenges) in non-game
contexts to increase student motivation and active engagement (Oktaviani & Munahefi, 2025).
Gamification has been proven to create a joyful learning atmosphere, increase learning
motivation, curiosity, self-efficacy, and student happiness, so that learning becomes more
student-centered and enjoyable (Chans & Castro, 2021; Rahmasari, 2025). Visual support is also
important; animated videos and interactive e-modules present abstract concepts, such as
chemical bonding and atomic or molecular configurations, in a dynamic and concrete way,
helping students grasp spatial representations. Gamification and visual media enhance the
process of visualization and spatial imagination, which are essential for three-dimensional
chemistry concepts (Ahmar & Azzajjad, 2025; Jenkins & Mason, 2020; Lutfi, 2023).

4. Empirical Evidence of Improved Cognitive Skills

The effectiveness of implementing these innovative models is supported by empirical
findings showing significant improvements in higher-order thinking skills. In a chemistry study,
the integration of PBL with gamification and animated videos was shown to be significantly
effective in improving students' spatial abilities (p < 0.001) compared to a control class (Ahmar
& Azzajjad, 2025). The average achievement in all spatial indicators (visualization, mental
rotation, spatial orientation, and geometric transformation) in the experimental class was
consistently higher. Meanwhile, the PBL-based E-Module development study showed a
significant increase in students' critical thinking skills, achieving an N-gain value of 0.48
(moderate category) and an average score increase of 55%, placing students in the critical
category (Asmi et al., 2024; Istianah et al.,, 2025). In addition, the PBL-based gamification
approach also shows great potential to improve students' critical thinking skills and
metacognition (Abbassyakhrin et al., 2024).

5. Impact on In-Depth Learning and Independent Curriculum Implementation

Overall, learning strategies that combine PBL with gamification and interactive media
support deep learning achievements (Asmi et al., 2024). Deep learning requires students to
analyze, evaluate, and apply new concepts with prior knowledge, a process driven by the tiered
challenges and rapid feedback offered by gamification (Rahmasari, 2025). In fact, gamification-
based assessment tools like Wordwall play a significant role in supporting deep learning because
they foster student motivation and engagement in the assessment process, provide instant
feedback, and reduce evaluation stress. By creating an interactive and enjoyable learning
environment (joyful learning), this strategy aligns with the objectives of the Independent
Curriculum, helps achieve complete classical learning outcomes, and supports the formation of
the Pancasila Student Profile, particularly in the areas of critical and independent reasoning
(Lutfi, 2023).

Based on a literature review, the results of the study indicate that the application of
gamification consistently contributes positively to the quality of learning. Gamification can
improve student achievement, engagement, and learning motivation, with the most frequently
used elements including points and rewards, leaderboards, and digital badges. These findings
are in line with the development of interactive, collaborative-based learning media in the Basic
Computer and Networking subject at SMK Negeri 1 Nusa Penida, which has proven effective as
a resource for independent and guided learning and plays a role in improving students' critical
thinking skills (Pradnyana et al., 2025). Similar results were also seen in the development of
gamification-based mathematics teaching materials (GEMAS Game) for junior high school
students. Based on the practicality analysis, the GEMAS Game obtained a practicality score of
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81% and is classified as practical, while the results of the effectiveness analysis showed that the
media significantly improved mathematical critical thinking skills with a moderate improvement
category. Thus, these various findings confirm that the integration of gamification through both
collaborative interactive media and digital teaching materials such as the GEMAS Game has met
the practical and effective criteria and has strong potential in supporting the improvement of
students' critical thinking skills (Lukman et al., 2024).

According to recent international journals, the application of gamification and Problem-
Based Learning (PBL), both separately and integrated, has proven effective in improving
students' critical thinking skills at various levels of education. Experimental studies show that
gamification- and PBL-based learning models, especially those supported by technologies such
as artificial intelligence (Al), can significantly improve critical thinking scores compared to
conventional methods (Naatonis et al., 2024). In addition, the combination of gamification and
PBL also increases student motivation, engagement, and learning outcomes (Boom-Carcamo et
al., 2024).

While gamification offers significant potential, several limitations need to be addressed.
Infrastructure issues are a significant obstacle in various educational institutions. The availability
of devices, stable internet access, and the uneven availability of digital platforms have prevented
gamification from being fully implemented. Research findings at the local level also indicate that
limitations in digital media often hinder the optimal use of gamification in the learning process
(Hidayatullah & Mitarlis, 2024). Furthermore, teacher readiness is a determining factor in the
success of GBL implementation. Many educators still need to improve their techno-pedagogical
competencies, particularly in designing interactive quizzes, managing digital classrooms, and
utilizing adaptive data as a basis for learning decisions. Therefore, training focused on
gamification-based instructional design is highly recommended (Fithri et al.,, 2021).
Furthermore, the use of game elements that are not aligned with learning objectives has the
potential to cause distraction. Several international meta-analyses have shown that gamification
that overemphasizes external rewards, such as points and leaderboards, or that overemphasizes
entertainment aspects, can reduce the depth of learning and even decrease students' intrinsic
motivation (Gui et al., 2023). The game needs to be improved, especially in terms of unclear
mathematical symbols, the addition of audio features that can be turned on and off, and the
leaderboard that still cannot save automatically if there are the same accounts (Lukman et al.,
2024). Thus, the success of gamification is largely determined by the quality of the design and
the appropriate pedagogical integration, not solely by the presence of game components.

CONCLUSION

Based on the results of the literature review that has been conducted, it can be concluded
that the integration of the Problem Based Learning (PBL) model with gamification and
interactive media has strong potential in improving students' critical thinking skills, especially in
chemistry and other science learning fields. PBL acts as an effective pedagogical framework in
encouraging students to be actively involved in contextual problem solving, while gamification
functions as a supporting strategy that can increase motivation, engagement, and a meaningful
and enjoyable learning experience. Empirical findings from various studies show a significant
increase in indicators of critical thinking skills, problem-solving abilities, and higher-order
cognitive skills when learning is designed in an innovative and learner-centered manner.

Furthermore, the use of gamification-based digital media, such as interactive e-modules,
animated videos, and digital evaluation tools, has been proven to support deep learning and
align with the objectives of the Independent Curriculum and the strengthening of the Pancasila
Student Profile, particularly in the areas of critical reasoning and independent learning.
However, the implementation of gamification and PBL still faces several challenges, including
limited infrastructure, teachers' techno-pedagogical readiness, and the risk of distraction if

153



Khoirur Rohmaniatush Sholihah et al.

game elements are not designed in alignment with learning objectives. Therefore, thorough
instructional design planning, ongoing teacher training, and adaptive education policy support
are needed. With the right approach, the integration of PBL and gamification is expected to
become an effective, inclusive, and sustainable learning strategy to improve the quality of
education and students' critical thinking skills in the 21st century.
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ABSTRACT

The integration of digital technology into the operational learning of BHABINKAMTIBMAS (Public
Security and Order Officer) is a transformative strategy to enhance early social conflict detection. This
study evaluates how digital tools function as pedagogical mediums that reshape officers' analytical
competencies. The research follows a literature review methodology, involving three strategic steps:
1) identifying high-impact literature from 2014-2024, 2) synthesizing data using a thematic matrix
(technical, instructional, and social outcomes), and 3) validating findings through cross-case
triangulation. Results indicate that digital platforms—such as the Binmas Online System (BOS) and GIS
mapping—increase detection response speed by 30% and prediction accuracy by 5.2%. The
effectiveness of this technology-enhanced learning is significantly governed by officers' digital literacy
and institutional support. In conclusion, optimizing early detection requires a shift from technical tool
usage toward a comprehensive digital competency framework. This study contributes to the field of
Educational Technology by providing a strategic model for "Operational Learning" in professional
security training, offering a novel perspective on how digital integration can bridge the gap between
field intelligence and instructional innovation in policing.

Keywords: BHABINKAMTIBMAS, Digital Technology, Early Conflict Detection, Educational Technology,
Operational Learning

Copyright © 2025 The Author(s)
BY SA This is an open access article under the CC BY-SA license.

INTRODUCTION

In recent years, Indonesia has faced various social conflict potentials arising from socio-
economic dynamics, local politics, cultural identity differences, and the utilization of public
spaces. Conflicts between martial arts groups, disputes over village boundaries, or clashes
between community groups often emerge as local conflicts that, if not detected early, escalate
significantly. Research in Jombang Regency shows that the socio-cultural unit of the National
Police performs early detection of conflicts between martial arts groups as a vital operation to
prevent local riots (Santoso, 2024). Conversely, in Karanganyar, fatalities resulting from conflicts
between pencak silat organizations prompted the Karanganyar Police to optimize intelligence
and security units through early detection strategies (Purnomo, 2024).

The rapid advancement of digital technology offers significant opportunities for security
forces, including BHABINKAMTIBMAS (Bhayangkara Pembina Keamanan dan Ketertiban
Masyarakat) or in English is called Public Security and Order Officer, to conduct early detection
of social conflicts more rapidly, accurately, and responsively. Technologies such as electronic
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applications (e-applications), social media, database systems, digital mapping, and community
reporting apps enable real-time information gathering and public discourse monitoring.
However, from an educational technology perspective, the integration of these tools into police
work represents a form of operational learning that requires specific digital competencies.
Previous research on digital policing highlights that while technology has evolved,
implementation often remains suboptimal, leading to delays in anticipatory or predictive actions
(Ismail, 2023). This gap suggests a critical need for better instructional strategies and technology
integration within police training frameworks.

At the community level, BHABINKAMTIBMAS serves as the frontline of the National Police
in villages, possessing strategic potential to combine traditional approaches with digital
technology to strengthen pre-emptive functions. Studies on the e-Bhabin application in Bogor
indicate that electronic apps strengthen the pre-emptive function by enabling early detection of
local security disturbances, despite technical and resource implementation barriers (Rycko,
2024). Local empirical data also shows that society in major cities responds positively to digital
transformation in police services. For instance, a study in Semarang found that digital platforms
in community-oriented policing increased accessibility (M = 4.29), trust (M = 4.09), and
collaboration (M = 4.00), with digital literacy and ease of use being significant predictors
(Muchtar, 2025).

Despite these opportunities, a significant literature gap remains regarding how digital
technology serves as an instructional medium for operational learning among
BHABINKAMTIBMAS personnel. Most existing studies focus on the technical utility of apps rather
than the pedagogical process of how these tools enhance the cognitive and analytical skills of
officers in the field. Current challenges include uneven digital literacy, lack of digital
infrastructure in remote areas, and a profound lack of specialized technical training or
instructional support for BHABINKAMTIBMAS members. Furthermore, institutional and legal
challenges persist in ensuring the effective use of digital platforms for community engagement
(Herlydinata, 2025).

To address these gaps, this study shifts the focus toward the intersection of policing and
educational technology. The objective of this research is to analyse how digital technology can
be optimized as an operational learning tool for BHABINKAMTIBMAS in enhancing their early
social conflict detection competencies. Specifically, this study aims to evaluate the digital
mechanisms, identify implementation challenges from an instructional perspective, and
propose strategies to strengthen conflict prevention functions through technology-enhanced
learning at the local level.

METHODS

This study employs a literature review with a descriptive-analytical approach to explore the
integration of digital technology in BHABINKAMTIBMAS operational learning. This method was
selected to synthesize diverse empirical findings and theoretical frameworks regarding
educational technology's role in social conflict detection.

Data Sources and Search Strategy

The literature search was conducted across several reputable databases, including Google
Scholar, Scopus, and Sinta-indexed journals. To ensure the "originality and novelty", the search
focused on academic books published within the last 10 years and peer-reviewed journal articles
from the last 8 years. Key terms used for the search included: BHABINKAMTIBMAS, digital
policing, community policing, early detection, social conflict, instructional technology, and
operational learning.
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Sampling Technique (Source Selection)

Following the reviewer’s recommendation for detailed sampling, this study applied a
purposive sampling technique for literature selection based on the following inclusion criteria:
(1) Studies specifically discussing digital transformation within the Indonesian National Police
(POLRI); (2) Research focusing on the effectiveness of digital applications or platforms in
community policing; and (3) Literature addressing pedagogical or instructional models in
professional police training. Sources that did not meet the criteria for relevance, currency, and
academic contribution to "Learning Innovation" were excluded.

Instruments for Analysis and Validation

To measure the effectiveness of digital integration (as requested by the reviewer), the
instrument used in this study is a thematic synthesis matrix. This matrix categorized findings into
three domains: (1) Technical Effectiveness: The performance of e-applications in data gathering;
(2) Instructional Impact: How technology facilitates operational learning for officers; and (3)
Social Outcomes: The impact on community trust and conflict reduction. The validation phase
was conducted through data triangulation by comparing empirical results from multiple case
studies (e.g., studies in Bogor, Jombang, and Semarang) to ensure the reliability of the
formulated conceptual recommendations.

Data Analysis Procedure

The data were analysed through a thematic synthesis process, which involved identifying
recurring patterns and concepts. This analysis aimed to find research gaps and formulate a
strategic framework for "Pedagogical models and practices" in the digital era of policing.

RESULTS AND DISCUSSION
The Integration of Digital Technology in BHABINKAMTIBMAS Operational Learning for Early
Conflict Detection

The utilization of digital technology by BHABINKAMTIBMAS represents a strategic initiative
by the Indonesian National Police (POLRI) to enhance the effectiveness of early detection of
social conflicts at the village level. From the perspective of operational learning, this integration
is not merely a technical upgrade but a transformation of how field officers acquire and process
situational intelligence. Based on the concept of community policing, BHABINKAMTIBMAS
serves not only as security monitors but also as facilitators of interaction between the police and
the community to prevent conflict escalation (Bayley, 2016). Early detection of social conflicts
requires accurate, up-to-date, and contextual information; therefore, the integration of digital
technology as an instructional and operational medium becomes a vital element in accelerating
the identification of potential social disturbances (Sanusi & Vanel, 2025).

According to communication for development theory, effective communication processes
play a crucial role in building community awareness, participation, and response toward social
issues (Hyland-wood et al., 2021). In the context of operational learning, digital communication
through social media, instant messaging apps, and online reporting platforms enables
BHABINKAMTIBMAS to deliver preventive messages while simultaneously engaging in real-time
information gathering. For instance, the Binmas Online System (BOS) application, implemented
nationwide, provides features for community complaints, conflict mapping, and social incident
reporting accessible directly by BHABINKAMTIBMAS. Research indicates that the use of digital
applications by BHABINKAMTIBMAS increases the response speed to community reports by up
to 30% compared to manual methods (Karim & Fachrie, 2024).

Empirically, the level of digital technology utilization as an operational learning tool can be
measured through indicators such as the frequency of digital platform use, the types of features
utilized, and the level of interaction with the community (Van Veldhoven & Vanthienen, 2022).
A study by Putri & Sutrisno (2023) revealed that 78% of BHABINKAMTIBMAS in Bogor City use
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digital applications to monitor environmental situations, while 65% utilize social media to
accommodate community grievances or aspirations. This indicates a high adoption rate of digital
technology, although variations across regions are still influenced by infrastructure factors and
the digital literacy of the community.

From the perspective of innovation theory, diffusion of innovation explains that the
adoption of new technology is influenced by perceived benefits, ease of use, compatibility with
existing practices, and institutional support (Xia et al., 2022). In an operational learning
framework, BHABINKAMTIBMAS officers with high digital literacy and institutional support tend
to adopt technology more rapidly for early conflict detection. Conversely, limited training,
inadequate digital facilities, and resistance to technology remain significant barriers. Sanusi &
Vanel (2025) emphasize that a lack of technical training for BHABINKAMTIBMAS members
contributes to the suboptimal utilization of digital applications, highlighting the need for better
instructional design in police training.

Furthermore, social media serves as a strategic information source for detecting potential
conflicts through public discourse analysis, opinion trends, and community interactions. The
phenomenon of social media listening allows BHABINKAMTIBMAS to perform informal
operational learning by monitoring comments, posts, or viral issues that serve as early indicators
of local conflicts (Handaningtias et al., 2025). For example, monitoring RT/RW WhatsApp groups
or online community forums can identify conflicts regarding land disputes, economic activities,
or cultural differences before they escalate. Thus, digital technology expands communication
reach while increasing the sensitivity of officers to social dynamics.

Digital technology also supports data integration through digital mapping or GIS
(Geographic Information System), enabling BHABINKAMTIBMAS to visualize potential conflict
concentrations based on location, incident type, and time. According to Sanusi & Vanel (2025),
digital mapping facilitates the prioritization of pre-emptive actions and cross-sector
coordination with village officials, community leaders, and educational institutions. This
strengthens early detection capacity because information can be analyzed spatially and
temporally, moving beyond slow and scattered manual reports. However, the effectiveness of
this technology-enhanced learning is inseparable from challenges. Limited community digital
literacy can lead to inaccurate or delayed reports, while trust in digital media also affects the
quality of information received by BHABINKAMTIBMAS (Gudykunst, 2018). Additionally, data
security and privacy are critical; any misuse of information or data breaches poses legal and
social risks, necessitating those officers be equipped with ethical procedures and cybersecurity
standards.

The literature review demonstrates that the utilization of digital technology by
BHABINKAMTIBMAS in early social conflict detection is significant, particularly through e-Bhabin
platforms, community social media, and digital mapping. The integration of technology allows
for a faster, more responsive, and more accurate identification process compared to traditional
methods. Nevertheless, effectiveness is still contingent upon internal factors (officer
competence and training), external factors (community digital literacy and trust), and
institutional support. Therefore, optimizing digital technology utilization requires a
comprehensive approach that combines BHABINKAMTIBMAS capacity building through
continuous operational learning, community education, and the strengthening of secure,
accessible digital systems.

Digital Indicators for Social Conflict Detection in Operational Learning contexts

A deep understanding of social conflict indicators is fundamental to the early detection
strategies executed by BHABINKAMTIBMAS. In an instructional framework, these indicators
serve as the "learning cues" that officers must master to identify the early signs or signals of
potential disputes, friction, or tension within the community. According to Muliono (2020) and
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Sunarso (2023), social conflict can manifest in three distinct forms: manifest, latent, and
structural. Manifest conflict is visible through concrete actions such as riots, protests, or open
disputes, whereas latent conflict emerges through dissatisfaction, rumors, and perceptions of
injustice that have not yet physically appeared. Structural conflict, on the other hand, stems
from systemic inequalities that create potential opposition. In the digital context, these
indicators can be systematically identified through interaction patterns on social media, online
community reports, or digital mapping of conflict-prone areas (Sulianta, 2024).

The utilization of digital indicators for social conflict is conducted by observing several
critical aspects, including: 1) the frequency of negative communication in online community
forums, 2) discussion topics with the potential to cause division, 3) groups or individuals actively
spreading controversial opinions, and 4) geographic locations that serve as social hotspots. This
analysis aligns with the principles of social media listening and data mining, which function as
cognitive tools allowing BHABINKAMTIBMAS to identify symptoms of conflict before they
escalate (Servaes, 2020). For example, monitoring RT/RW WhatsApp groups can reveal small
grievances or friction regarding land ownership, local economic activities, or village
administrative issues. Empirically, a study by Febriandri Hamzah et al. (2022) demonstrates that
BHABINKAMTIBMAS utilize indicators such as community complaints, increased communication
patterns in online groups, and reports of minor incidents as early warning signals. These findings
suggest that using digital indicators is highly effective for predicting conflict escalation, though
it still requires field verification to ensure data accuracy. The use of these digital-based indicators
allows officers to allocate resources more efficiently and perform proactive interventions before
conflicts broaden.

The utilization of digital conflict indicators can be enriched through Geographic Information
Systems (GIS), which visualize the distribution of potential conflicts within the assigned area
(Pauzi & Khaeruddin Said, 2019). Young et al. (2023) emphasize that digital mapping assists in
identifying areas with a history of conflict, locations of social activities prone to friction, and
areas requiring intensive monitoring. From a pedagogical perspective, this approach not only
accelerates early detection but also supports the development of evidence-based and targeted
communication strategies. However, the effectiveness of using digital indicators faces several
challenges, primarily data accuracy and community digital literacy. Invalid reports or distorted
information on social media can lead to misinterpretation. Aririguzoh (2022) underscores the
importance of cross-cultural communication competence and social sensitivity for officers to
ensure that digital indicators are interpreted accurately. Additionally, community resistance to
digital monitoring may arise, potentially causing distrust; therefore, BHABINKAMTIBMAS must
balance digital data collection with participatory and humanistic communication approaches.

From a conflict risk management and operational learning perspective, the use of digital
indicators enables BHABINKAMTIBMAS to prioritize pre-emptive actions, such as community
dialogues, mediation, or cross-sector coordination. The results of a study by Jensen et al. (2024)
indicate that utilizing digital indicators can lead to a greater reduction in conflict escalation rates
compared to conventional methods. This reinforces the idea that digital indicators are not
merely monitoring tools but strategic components in data-driven decision-making—a core
competency in modern digital policing.

The literature review reveals that social conflict indicators detectable digitally encompass
communication aspects, public opinion, online interaction patterns, and geographic mapping of
conflict-prone areas. BHABINKAMTIBMAS have begun implementing these indicators through e-
Bhabin platforms, community social media, and digital mapping systems. However, successful
implementation remains dependent on the internal capacity of the officers, institutional
support, community digital literacy, and public trust. Therefore, the optimization of digital
indicators must be followed by digital competency training, community education, and clear
ethical and data security protocols.
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Supporting and Inhibiting Factors in Digital Technology Integration for Operational Learning

The integration of digital technology by BHABINKAMTIBMAS for early social conflict
detection is not an automatic process but is significantly influenced by various internal and
external factors. Within the framework of instructional technology, these factors determine the
effectiveness of implementation and the success of digital strategies in enhancing professional
response to community conflicts.

Competence and Cognitive Acceptance from an internal perspective, the competence and
capacity of BHABINKAMTIBMAS personnel serve as the primary drivers of operational learning.
Human resource theory posits that technical skills, information technology literacy, and data
analysis capabilities are essential assets for digital-based decision-making (Ghasemaghaei et al.,
2018). Buchan et al. (2024) emphasize that individuals with high digital literacy tend to be faster
and more effective in utilizing digital devices, community social media, and digital mapping
systems. Conversely, gaps in knowledge and pedagogical training remain significant barriers,
leading to suboptimal technology use. Furthermore, the motivation and attitudes of officers
toward digital tools dictate their adoption levels. According to the Technology Acceptance
Model (TAM), "perceived ease of use" and "perceived usefulness" are the core determinants of
technology adoption (Hussain et al., 2025). Officers who recognize the benefits of digital
technology in accelerating conflict response tend to be more proactive learners, whereas those
who perceive the systems as overly complex or irrelevant may resist integration.

Institutional Support and Community Literacy is external factors supporting digital
integration include institutional support, infrastructure, and community participation. Sauers &
Richardson (2019) highlight the necessity of institutional leadership in providing digital
hardware, stable internet connectivity, and clear digital platform policies. Adequate
infrastructure, such as broadband networks in rural areas, secure data servers, and mobile
devices for BHABINKAMTIBMAS, is a prerequisite for seamless technology-enhanced learning
and operations. Additionally, active community participation in reporting conflicts via digital
platforms strengthens early detection, as the data gathered becomes more valid and
representative.

However, substantial external barriers persist. First, uneven community digital literacy
poses a challenge in obtaining accurate information; citizens unfamiliar with digital reporting
may provide incomplete or distorted data, hindering effective conflict analysis (Kang et al.,
2014). Second, social resistance due to privacy concerns, data misuse, or lack of trust in
authorities can emerge. This requires BHABINKAMTIBMAS to balance digital data collection with
humanistic and participatory communication approaches—a critical skill in social-pedagogical
policing.

Legal, Ethical, and Organizational Challenges are additional challenges arise from the legal
and regulatory landscape. Digital approaches to conflict detection must comply with regulations
regarding personal data protection, information security, and online communication ethics.
Taddeo (2020) emphasizes that digital integration must be accompanied by clear ethical
guidelines to avoid creating new conflicts or legal liabilities. Without a robust regulatory
framework, the use of technology carries risks such as information misuse or the spread of
misinformation.

Beyond these factors, organizational culture significantly influences the implementation of
digital technology (Butt et al., 2024). An organizational culture that is open to innovation,
collaboration, and continuous learning encourages BHABINKAMTIBMAS to adopt digital
technology more effectively. In contrast, hierarchical or closed cultures may slow down
technology adoption and reduce the effectiveness of social conflict detection (Stempfle, 2011).

To maximize the potential of digitalized conflict detection, an integrated strategy for
mitigating these inhibitors is essential. This includes: 1) digital literacy and data analysis training
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for BHABINKAMTIBMAS personnel, 2) strengthening digital infrastructure and communication
networks, 3) community education to improve digital literacy and participation, 4) developing
ethical guidelines and standard operating procedures (SOPs), and 5) fostering an innovative
organizational culture. Through these steps, barriers can be minimized, and the digital
transformation of operational learning in policing can be fully realized.

Strategies for Optimizing Digital Technology Integration in BHABINKAMTIBMAS Operational
Learning

The utilization of digital technology by BHABINKAMTIBMAS for early social conflict
detection requires a systematic and sustainable strategy. This strategy aims not only to increase
the capacity of officers in detecting potential conflicts rapidly and accurately but also to
strengthen community participation and police legitimacy. In an instructional technology
framework, the strategic approach can be categorized into three main dimensions: internal
capacity building, infrastructure and technology development, and the establishment of
collaborative mechanisms with the community.

1. Internal Capacity Building through Continuous Operational Learning

Strengthening the internal capacity of BHABINKAMTIBMAS is a fundamental prerequisite.
According to Cui et al. (2021) in the diffusion of innovation theory, the adoption of new
technology requires a clear understanding of its benefits, ease of use, and continuous training.
Training in digital literacy, data analysis, and information security are essential components that
significantly enhance the ability of BHABINKAMTIBMAS to effectively read and interpret social
conflict indicators through digital media. These skills enable officers to critically evaluate
information, identify misinformation, and understand social media dynamics—critical for
preventing and managing social conflicts.

Integrating these competencies leads to more informed decision-making and proactive
conflict resolution strategies. Digital literacy is vital for identifying misinformation and assessing
the credibility of online content; users with high digital literacy can focus on metadata to
evaluate message authenticity (Steinfeld, 2023). In an educational environment, digital literacy
has been proven to improve learning outcomes and engagement, which translates into better
professional performance for BHABINKAMTIBMAS officers (Cowling et al., 2025).

2. Strategic Development of Infrastructure and Multi-Source Data Integration

The development of digital infrastructure is a strategic component that cannot be ignored.
This includes providing adequate hardware, software, stable internet networks, and Geographic
Information Systems (GIS). Integrating data from multiple sources—such as community reports,
social media, and police records—significantly enhances real-time analysis of social conflict
dynamics. This multi-source approach allows BHABINKAMTIBMAS to identify patterns and
trends that might be invisible when relying on a single data source, thereby improving conflict
prediction, emergency planning, and public safety management. Combining various data types
provides unique and holistic insights, enabling more timely and informed decision-making
(Donnay et al., 2018; Mayer et al., 2021).
The specific benefits of multi-source data integration include:

a. Enhanced Conflict Analysis: Combining event datasets allows for a nuanced understanding
of underlying trends (Donnay et al., 2019; Mayer et al., 2021).

b. Improved Emergency Planning: Social media and community reports serve as vital
information sources, especially in resource-limited local contexts, helping to predict
recurring events (Shih et al., 2015).

c. Crime Prediction: Platforms like CrimeTelescope utilize data fusion to forecast crime
hotspots more accurately, increasing prediction accuracy by 5.2% compared to traditional
methods (Yang et al., 2018).
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3. Ethical Governance and Trust-Based Digital Communication

The use of digital technology in social conflict detection must adhere to principles of
personal data protection, information security, and ethical communication standards to ensure
compliance and maintain public trust. Integrating digital technology presents complex ethical
considerations regarding privacy and responsible information use. Privacy and personal data
protection are fundamental human rights, essential for maintaining individual dignity and
freedom of expression (Friedewald & Pohoryles, 2013). However, a "privacy paradox" exists
where individuals are willing to share data despite privacy concerns (Blschel et al., 2014). To
address this, sociotechnical mechanisms like Advanced Data Protection Control (ADPC)
empower individuals to protect their digital rights through cognitive and contextual support
(Human, 2024).

From an information security perspective, increasing reliance on ICT necessitates strict
security measures (Glorioso, 2015). The application of Artificial Intelligence (Al) in social media
monitoring must adhere to ethical principles, including respect for individuals, beneficence, and
justice (Flores & Young, 2022). Furthermore, developing digital ethics frameworks assists
professionals in ethical reflection and decision-making regarding technology deployment
(Becker et al., 2023; Clark et al., 2019). In sensitive professional fields, specialized guidelines are
required to maintain professional boundaries and confidentiality (Sabin & Harland, 2017).
Ultimately, public transparency is a crucial factor for the success of digital policing applications,
requiring careful and ethical communication to ensure the community trusts the authorities
managing the technology (Ranisch et al., 2021).

CONCLUSION

Based on the literature review and analysis, it can be concluded that the integration of
digital technology plays a strategic role in the operational learning of BHABINKAMTIBMAS for
early social conflict detection. Digital tools—including the BOS application, community social
media, and Geographic Information Systems (GIS)—enable the real-time identification of
conflict patterns and trends, significantly increasing response speed and detection accuracy
compared to conventional methods. These technologies provide critical learning cues through
online communication patterns, public opinion, and geographic data, which enrich analysis and
support evidence-based decision-making.

The effectiveness of this digital integration as a technology-enhanced learning process is
influenced by internal factors, such as the digital literacy and attitudes of BHABINKAMTIBMAS
personnel, as well as external factors including institutional support, infrastructure, and
community participation. However, significant barriers such as low community digital literacy,
social resistance to online monitoring, and data security risks necessitate robust mitigation
strategies. Ultimately, the optimization of digital technology requires internal capacity building,
multi-source data integration (social media, community reports, and police records), and strict
adherence to data protection principles and ethical communication standards to maintain public
trust and prevent data misuse.

Based on the research findings, several strategic recommendations are proposed to
enhance the effectiveness of digital technology in BHABINKAMTIBMAS operational learning.

First, there is an urgent need to strengthen the internal capacity of BHABINKAMTIBMAS
through regular training in digital literacy, data analysis, and information security. This
instructional focus should empower officers to interpret conflict indicators accurately while
maintaining ethical digital standards and cross-cultural sensitivity. Second, institutional support
must prioritize the development of digital infrastructure, including stable internet connectivity
and optimized GIS mapping to facilitate real-time predictive analysis. Third, a collaborative
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mechanism must be established with community leaders and local institutions to improve public
digital literacy and ensure the validity of community-generated data.

Fourth, all digital policing activities must operate under strict ethical protocols and data
security frameworks to safeguard personal privacy and foster public trust. Fifth, the use of
interactive dashboards and hotspot mapping should be intensified to support proactive, data-
driven pre-emptive actions. Finally, these digital strategies must undergo routine evaluation and
updates to remain adaptive to technological advancements and the evolving dynamics of social
conflict in the digital era.
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