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Abstract

The purpose of this study is to create an approach to digital games that can improve early
childhood executive functioning, which consists of three main components: working
memory, inhibitory control, and cognitive flexibility. In addition, they also wanted to find
out how effective digital games designed specifically to train early childhood executive
skills were. The research method is D&D (Design and Development), which is based on
the ADDIE (Analyze, Design, Development, Implementation, and Evaluation) model
from Robert Maribe Branch. The focus of the research is the design stage of development.
Therefore, the implementation and evaluation stages will be carried out in the next study.
Data were collected through questionnaires, and quantitative descriptive analysis was
used to analyze the data. The results of the study focus on strategies in facilitating
executive function skills in the form of working memory, thinking flexibility and self-
control which involve remembering, categorizing and levels and obstacles. Thus, this
article is expected to provide valuable insights for researchers, game developers, and
aspiring educators and practitioners in the development of executive skills through digital
games.
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INTRODUCTION

The development of technology in the world of education has changed the way of
learning and interacting with science. Along with its popularity, interest in harnessing
the potential of games to develop cognitive skills and self-control (Carayannis &
Jancelewicz, 2022; Fukuda, 2020). The integration of information and communication
technology (ICT) in early childhood education is an opportunity for innovation in
education and develops great potential to have a positive impact in improving the quality
of early childhood education. Executive Function (EF) is an important skill that includes
working memory, self-control, and cognitive flexibility. The development of games
specifically designed to train these skills in early childhood is a relatively recent
innovation, given the traditional focus of early childhood education more on social and
motor skills (Ferguson et al., 2021). In addition, digital games allow personalization in
terms of speed and difficulty level, adapting to the child's individual development. This
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is different from conventional learning approaches that are often uniform for all children.
Through digital games, access to quality learning materials can be more easily
disseminated to more children, including those who may not have access to quality
conventional education (Salehinejad et al., 2021).

EF includes abilities such as planning, impulse control, mental flexibility, and problem-
solving, which are essential for a child's academic, career, and mental well-being (Doebel
& Lillard, 2023). This ability is also important for daily life. These skills are essential for
education, career, and social functioning. According to several studies, EF is the most
important component of school readiness, including early literacy and mathematical
thinking skills (Friedman & Robbins, 2022; Shihab et al., 2019). EF also contributes to
psychosocial development, mental health, and cognitive aspects, all of which contribute
to academic and professional success. A positive association between EF and children's
academic achievement, good mental health, and social skills was found (Zelazo, 2020;
Menon & D'Esposito, 2022). This shows that measuring the EF ability of preschool
children is very important to encourage development.

The development of executive function-based games has great potential to provide
significant benefits in improving cognitive function and cognitive performance in various
age groups. The development of games for early childhood is a response to the urgent
need to provide children with engaging, relevant, and interactive learning approaches in
today's digital age. Computer games can be designed to facilitate the development of
motor, cognitive, language, and social-emotional skills that are important in early
childhood development. The use of games as a learning tool for children's engagement
and motivation. Presidential Regulation Number 19 of 2024 provides a strong legal basis
for the development of educational games for early childhood. This is reflected in the
government's efforts to expand access to quality education through technology, as well
as promote innovation in more engaging and effective learning (Setiasih et al., 2023).
Game developers have a unique opportunity to create products that support the vision
and goals of the regulation. The development of games for early childhood also requires
an approach centered on the needs and characteristics of these children, in accordance
with the directions in the Presidential Regulation. Games must be designed with aspects
such as safety, privacy, and content quality in mind in light of early childhood
development. In addition, these games must also be in accordance with the curriculum
and educational standards set by the government.

The Scratch and Construct 2 game maker application is a game application that offers
various features in developing games. This application can be used by prospective
educators and early childhood education practitioners to develop learning methods as
learning assessments (Gibb et al., 2021). Scratch facilitates the development of block-
based interface designs that make it easy to get acquainted with programming concepts.
Construct 2 offers more flexibility and features for developing interactive 2D games
without the need for in-depth programming knowledge. Both offer practical options for
creating fun and educational learning experiences through digital games. Digital game
development using Scratch and Construct 2 requires a structured process from idea and
concept to design, programming, testing, and publication.

Research on the development of digital games for early childhood shows that well-
designed games can provide significant benefits for children's cognitive, social, and
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language development. Age-appropriate design and material considerations, digital
safety and health considerations, and a multidisciplinary approach to game development
are some of the key factors to consider (Doebel & Lillard, 2023). Research on the level
of awareness of early childhood education teachers in Indonesia about executive function
is still low. Based on the literature review, teachers outside Indonesia (United Kingdom,
America, Turkey, Sweden, New Zealand, and Thailand) have been able to understand
the importance of executive functions for child development (Gilmore et al., 2020;
Demetriou et al., 2019; Veldsman et al., 2020). The researcher did not find any literature
that discusses the skills of early childhood education teachers in facilitating digital
learning media based on executive function skills. So this study seeks to provide
understanding and guidelines in the use of android-based digital media in developing
executive function skills in early childhood. Further research is needed to explore the
potential for more sophisticated and science-oriented game development to significantly
improve executive function.

METHODOLOGY

This research uses a D&D (Design and Development) approach. It consists of the stages
of design, development and evaluation to create learning activity products. Rechey &
Klein states that it consists of 3 stages, namely design, production and evaluation (Richey
& Klein, 2014). Data analysis was carried out using the Robert Maribe Branch model
(Branch, 2009). The ADDIE (Analyze, Design, Development, Implementation, and
Evaluation) model is a systematic framework that is often used in instructional design,
including the creation of digital learning materials. The five stages consist of the
development of the ADDIE model. It consists of an analysis to determine the needs and
characteristics of digital game development for AUD; second, designing materials and
making digital games; third, media development and expert advice for digital game
development; and fourth, the implementation of digital games to be tested after
suggestions for improvement from experts. The last stage is the evaluation of digital game
development. The focus of this research is the analysis stage, which serves as the basis
for executive skills-based digital game development strategies.

(Analysis ) (Design ) (Development

*Menganalisis keterampilan eMerancang fitur game yang secara *Mengintegrasikan elemen grafis,
e>.<eicutive function yang perlu khusus melibatkan aspek EF animasi, dan interaksi sesuai
ditingkatkan eMenentukan antarmuka dengan kebutuhan anak usia dini

*Mengidentifikasi tantangan yang pengguna (Ul) yang menarik dan *Menguji secara internal prototipe
dihadapi serta bagaimana game sesuai dengan perkembangan untuk memastikan fungsionalitas
digital dapat membantu anak usia dini dan keterkaitan
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Figure 1. The Stages of Product Development Adaptation from the ADDIE Model in
this study are only up to development
The sample in this study was 40 participants, consisting of 20 prospective PAUD teachers
and 20 PAUD practitioners (teachers who have been actively teaching) in Serang City,
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Banten Province. Participants of prospective teachers are between 22 and 25 years old,
while early childhood education practitioners are between 25 and 45 years old. Most of
the participants were women (about 90% women and 10% men), according to the general
distribution of educators in early childhood education. Prospective PAUD teachers are
completing an undergraduate program in Early Childhood Education, while PAUD
practitioners have a minimum of 3 years of teaching experience in formal PAUD
institutions. Most practitioners and prospective teachers have access to digital technology,
with 80% reporting frequent use of digital devices (tablets, computers) in the learning or
training process. Data collection techniques include questionnaires and interviews.

The data analysis method used in this study is "quantitative descriptive analysis" which
determines the evaluation weight of the survey results that have been determined and
quantifies them based on the indicators that have been determined. This analysis is used
to describe the characteristics of each data obtained. The results of data analysis are used
for application development

RESULTS AND DISCUSSION

Based on the data collected, more than 60% of participants were able to develop digital
games using platforms such as Construct, Scratch, and Assemblr Studio. This shows that
with the right training, prospective teachers and early childhood practitioners can master
the technology to create interactive learning media that supports EF skill development in
early childhood. This research highlights the great potential that early childhood
education educators have in using technology to support learning, especially in building
executive skills through digital games that can be adapted according to children's needs.

Executive Function (EF) refers to a series of mental processes that allow planning,
organizing, prioritizing, and completing tasks. It includes the basics of staying focused
on a task, switching between different tasks, and rejecting distractions (Veldsman et al.,
2020). Focus on completing key tasks and increasing productivity. EF also plays an
important role in social and emotional life in the form of regulating emotions and
decision-making. In summary, executive functions are essential for success and well-
being in all areas of life.

The three main components of executive function are working memory, cognitive
flexibility, and self-control (Arzaqi & Diana, 2019; Laureys et al., 2022). Working
memory is the ability to store information in the mind for a short period of time while
using it to complete a task. For example, the flip card game, where we need to remember
a pair of pictures that are the same age. Cognitive flexibility is the ability to switch
between tasks or perspectives. This allows us to adapt to new situations and solve
problems creatively. Finally, self-control is the ability to resist distractions or urges that
may interfere with our goals. So, it helps to stay focused and make good decisions.

These three components work well together to help in self-management. Like in flip card
games that require precision in remembering and pairing images (working memory),
being able to distract from inappropriate images (cognitive flexibility), and resisting the
impulse. As well as being able to complete the game well (self-control). These
components support daily activities and identify areas where we may need to improve
(Moreau & Chou, 2019). Executive function skills begin to develop in early childhood
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and continue to develop throughout adolescence into adulthood. In fact, some aspects of
executive function may not be fully mature until a person reaches their mid-20s (Dick et
al., 2019; Rahayu et al., 2022). This development is supported by the process that
children acquire in learning self-control and problem-solving skills, such as playing
games that require turns or solving puzzles.

The development process of this educational game is adjusted to the ADDIE development
model, which consists of five stages: analysis, design, development, implementation, and
evaluation. The focus of this research is the analysis stage to the development stage, which
serves as the basis for executive skills-based digital game development strategies. The
analysis was carried out through the distribution of questionnaires that evaluated the
needs of early childhood education practitioners and prospective teachers, as well as
interviews with experts to get recommendations for game development and development.
The results of the analysis are used in the design stage to change the content of the
material according to the capabilities of the executive function. The next stage of
development involves validation tests conducted by material and media experts to
evaluate the media products that have been developed.

Analysis Stage

At this stage, experts are interviewed to find out what material is needed to create a digital
game development strategy for early childhood. The interviews were conducted in a semi-
structured manner and discussed the opinions and experiences of experts related to the
strategy. In addition, at this stage of analysis, a needs analysis questionnaire is distributed
to early childhood education practitioners and education candidates who have a
theoretical and practical understanding of the early childhood education environment.
This needs analysis questionnaire contains questions about opinions and experiences
about game media development strategies in early childhood.

Needs Analysis of prospective educators and practitioners

Based on the answers from the questionnaire that has been distributed, prospective early
childhood education and practitioners are able to develop games for early childhood
using various platforms and applications. 70% of prospective early childhood educators
and practitioners have awareness in developing EF skills in the educational environment.
EF is taught concretely in hands-on learning activities such as science experiments and
projects that allow children to learn scientific concepts and work together. The end of the
activity is in the form of recalling which allows children to remember and describe what
they have learned (working memory). Through science activities and projects, variables
that can affect concepts such as environmental conditions, natural phenomena, and the
availability of tools and materials (cognitive flexibility) are found. Furthermore, (self-
control) acts by determining common interests over one's own ego and restraining
impulsive actions or responses that can harm others (White et al., 2021).

Based on the data that has been collected, more than 60% of prospective educators and
early childhood education practitioners are able to develop digital games through various
platforms and applications such as contruct, scratch, assemblr studio, etc. Games are
considered to be an interesting medium and have educational value, so prospective
educators and practitioners need to master skills in developing digital games (Gibb et al.,
2021; Arzaqi & Romadona, 2021). Considering the child's learning style, and the era of
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massive digitalization. Game development needs to be well-designed so that it can
provide knowledge and experience that builds EF skills. 65% of respondents are
confused about integrating EF skills in the game they create. Game development is
carried out based on interests and trends in the field without knowing the expected
learning objectives. Prospective educators and early childhood education practitioners
agreed that EF skills need to be taught using various approaches both in concrete
activities and through the development of digital games. All respondents agreed on the
need for media development and digital innovation to facilitate EF skills. Therefore, the
right strategy in developing EF skills-based games needs to be formulated to achieve
appropriate learning.

Efforts to stimulate executive function from an early age are an important investment in
the sustainable development of children. In line with the research of Cortés Pascual et al.
(2019) and Rahayu & Setiasih (2022) found that children whose executive function skills
are not adequately stimulated experience difficulties in performing tasks, thus causing
difficulties in organizing, planning, and decision-making. As a result, academic
achievement and work productivity decrease, stress and frustration increase, and social
harmony 1is disturbed. Developing leadership skills through digital games in early
childhood is an effective and engaging approach. Digital games can be specifically
designed to address various aspects of executive functioning, such as working memory,
planning, self-control, and cognitive flexibility.

Digital games can be an effective tool to develop executive fun skills in early childhood.
A memory match game in which there are picture cards that have the right pair.
Remember the position of the cards and look for the right card pairs (Arzaqi et al., 2022).
Memory match games are useful in improving working memory and the ability to
remember and manage information in the short term, strategize in memorizing card
positions and completing games sequentially according to the rules. Playing Puzzle is in
the form of arranging puzzle pieces into one whole picture. Puzzle games aim to develop
problem-solving, planning, and working memory skills (Gorgen et al., 2020). Children
learn to recognize patterns, plan steps, and memorize the location of certain parts.

Maze games are a type of game in which you navigate a complicated path to reach a goal.
The Maze game aims to find the right path, overcome obstacles, and find solutions to
achieve goals that involve critical thinking and situational analysis. The benefits in the
game are working memory in remembering which path they took and which path ended
in a dead end. Train to store and process information in short-term memory. Self-control
in reaching a dead end, learning to control impulses and try different paths more
carefully, rather than turning around and taking the wrong path. Cognitive flexibility
When children encounter stalemates and obstacles, they must be able to think flexibly,
try different paths, and adapt to new situations and change strategies and adapt to change.

Design & Development

This stage aims to convey the learning meter while playing. Facilitate engaging
visualization and auditory attention to difficulty levels and provide reinforcement. The
strategy is in the form of: designing activities/work in a specific and simple manner and
with a level of difficulty. In this regard, the goal is to make it easier for children to manage
their energy, focus, and emotions. Furthermore, providing visual and auditory assistance
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to make it easier for children to understand and remember the information conveyed. The
last is to practice to reflect on the tasks that have been done to gain understanding and
know the child's self-development.

|| ¢

Figure 2. Digital Game Model Based on Executive Function

Based on the digital game model above, researchers prioritize 3 important skills in
executive function in the form of: working memory, flexibility of thinking and self-
control (Coelho et al., 2020). Working memory in the form of giving instructions in the
game above is to provide an opportunity for children to know and memorize existing
images (crabs, deer, chickens, frogs). When the child is ready, it is allowed to "click".
Next, the image will be covered by letters. The instruction is that children are invited to
choose a picture of a frog. Children's flexibility in finding solutions is based on animals
and types of food. Self-control is in the form of patience and precision in compiling
pictures and reaching an impasse. Furthermore, there is a level or level of difficulty in
each game in the form of additional images and speed so that it trains children to focus
and try to complete the game until it is completed (Doebel & Lillard, 2023; Rahayu &
Setiasih, 2022a). Researchers provide interesting visualizations accompanied by
interactive audio, selection of objects close to the child to increase internal interest and
motivation in playing. Use of fonts and sizes for readability. Provide clear tutorials and
rules of play so that children can construct a good play experience. Start with an easy and
simple level and then increase the level of difficulty.

At this stage, validation tests are also carried out by experts to find out whether the media
being developed is suitable for use. This validation test concentrates on the content and
appearance of mobile learning. Experts, namely media and material experts, collaborate
to find the shortcomings of educational games that are being developed so that revisions
can be made. The game that has been developed is first tried by media and material
experts. After that, they investigated and looked at the game. After that, the experts were

Pratama Widya: Jurnal Pendidikan Anak Usia Dini, Volume 9, No. 2, Oktober 2024 | 142



Digital Game Development Strategy Based on Early Childhood Executive Function Skills

Roby Naufal Arzaqi, Deri Hendriawan- Aisah Karunia Rahayu

asked to fill out a survey that had been provided beforehand. The description of the
feasibility test of learning media made with the help of material experts, linguists, and
media experts is given below.

The results of the Media Feasibility Test, the assessment of the media validation test
includes two aspects, namely (1) visual and audio game display (2) Language (3)
Material. The results of the assessment of the feasibility of game media conducted by
media experts can be seen in the following table:

Table 1. Media Due Diligence Results

It Aspects Question Average Eligibility Criterion
Items Percentage

1 Interface Design 1-7 89,37 Excellent

2 Language 8-15 81,73 Excellent

3 Material 16-20 87,94 Excellent

Average Overall Score 86,34 Excellent

The explanation of the results of the media validation test with experts covered the aspects
of interface design which contained: attractive design display, appropriate color
composition and contrast, navigation buttons functioning according to commands got a
score of 89.37. The material aspects are in the form of: relave content and according to
early childhood development, appropriate material shortness (simple to complex), the
grammar of the material presented can be easily understood, audio elements are heard
clearly and easily understood and interactive, The suitability of the material with the game
has a score of 81.73. Language aspects include: The selection of the type of font used is
attractive and easy to read and the suitability of the letters (Proportion of shapes, colors
and appropriate font sizes) obtained a score of 87.94

The results of the language feasibility test include three elements: effective,
communicative, and easy-to-understand sentences. Language eligibility standards in the
media are used to create assessment instruments. The results of the language feasibility
assessment are shown in the following table:

Table 2. Language Feasibility Test Results

It Aspects Question Average Eligibility Criterion
Items Percentage
1 Effective and interactive 1-4 81,24 Excellent
sentences
2 In accordance with the 5-12 84,70 Excellent
child's development
Average overall score 82,97 Excellent

The explanation of the results of the validation of the language feasibility test with experts
includes aspects of the use of affective and interactive sentences including: accuracy of
sentence structure (SPOK), effectiveness of words/sentences, inviting the audience to be
actively involved obtained a score of 81.24. Aspects in accordance with child
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development in the form of: suitability of language acquisition based on children's
intellectual development based on age, suitability with the level of social and emotional
development received a score of 84.70.

Material Feasibility Aspect, the assessment of the material validation test is carried out
based on two aspects, namely the suitability and accuracy of the material and encouraging
children's curiosity. The results of the validation of the feasibility of the material can be
seen in the following table:

Table 3. Material Validation Test Results

It Aspects Question Average Eligibility Criterion
Iltems Percentage
1 Suitability and suitability of 1-6 89, 22 Excellent
the material
2 Encourage children's 7-13 81,94 Excellent
curiosity
Average overall score 85,58 Excellent

The explanation of the results of the validation of the material feasibility test with experts
included the suitability and accuracy of the material: executive function skills, working
memory, cognitive flexibility and self-control obtained a score of 89.22. The aspect of
encouraging curiosity in the form of: encouraging children's involvement, including
concrete knowledge (illustrations in daily life) got an average of 81.94.

The data shows that the development of digital games based on executive function (EF)
skills in early childhood has significant potential in improving their learning skills. Based
on the results of the media, language, and material feasibility tests, the majority of aspects
were rated very good, indicating that the games developed met the appropriate criteria for
children. In line with a study by (Gioia et al., 2000) which emphasizes the importance of
attractive media design to increase children's interest and motivation in learning. The
assessment results showed a high score in the interface design aspect (89.37), indicating
that the attractive visual display and good functionality of the navigation buttons can
improve the user experience. Well-designed media not only grabs children's attention but
also helps them focus more on the material being taught, which supports the effectiveness
of learning.

In this study, the language aspect obtained an average score of 82.97, indicating that the
language used in the game is easy to understand and in accordance with the child's
development. This supports the findings of (Ozonoff et al., 1991) which states that the
use of appropriate language can help children understand more complex concepts, as well
as support their ability to solve problems. Communicative and interactive language in
digital games can facilitate more effective learning, allowing children to be more actively
involved in the learning process.

The results of the material feasibility test showed an average score of 85.58, with an

emphasis on the suitability and accuracy of the material. This is in line with research by
(Senn et al., 2004) which found that stimulation of executive function skills from an early
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age can have a positive impact on children's cognitive development. The materials
designed in this digital game aim to develop skills such as working memory, flexibility
of thinking, and self-control all aspects that are important in executive functioning.

By providing a fun and relevant learning experience, this game helps children to not only
learn theory, but also apply the skills they learn in practical contexts. The use of game
elements such as memory matches, puzzles, and mazes has been shown to be effective in
stimulating the cognitive abilities necessary for executive function. This supports the
argument that play can be a powerful tool in developing fundamental skills for children,
as also described in the study (Gioia et al., 2002). As technology evolves and educational
needs continue to change, the development of EF-based digital games is also relevant to
the needs of 21st century skills. Critical thinking skills, collaboration, and creativity are
becoming increasingly important in this fast-paced world. This study emphasizes the need
for prospective early childhood educators and practitioners to master digital skills and
understand how to integrate technology into learning, in line with the findings that digital
skills can improve the effectiveness of teaching and learning in the ever-evolving era of
digitalization.

The results of this study as a whole show that digital game development training based
on executive function (EF) skills is very beneficial for prospective teachers and early
childhood education practitioners. About 60% of participants were able to develop
effective digital games, and all participants agreed on the importance of teaching EF skills
to early childhood. However, about 65% of participants admitted that they had difficulty
integrating EF skills properly into the games they created. These results are in line with
findings (Miller & Wallis, 2009) which emphasizes the importance of stimulating EF
skills from an early age to support children's academic and social development.
Inadequate stimulation can result in difficulties in organizing, planning, and decision-
making, which negatively affects academic performance. This research confirms that
digital games can be an interesting and effective medium to support the development of
these skills. Furthermore, research (Kesner & Churchwell, 2011) also shows that the use
of technology in education, especially at the early childhood level, can increase children's
motivation and engagement. The use of digital games allows for interactive and fun
learning experiences, which is in line with the results of this study, where participants feel
that games can be an interesting medium and have educational value.

However, the challenges faced by 65% of participants in integrating EF skills in digital
games reflect the findings from (Graham et al., 2007), which stated that many educators
do not have enough understanding of how to structure learning content that prioritizes EF
skills. This demonstrates the need for a more comprehensive training program that not
only teaches the technical aspects of game development but also includes guidelines for
creating specific learning objectives related to EF. Therefore, the findings of this study
suggest that effective digital game development should be supported by a deep
understanding of EF skills and a proper pedagogical approach. Collaboration between
educators, education experts, and game developers is needed to formulate strategies that
can help prospective teachers and early childhood education practitioners in creating
learning media that is not only interesting but also educational, so as to be able to
stimulate children's EF skills optimally. Therefore, this study makes an important
contribution to the understanding of technology integration in early childhood education
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and highlights the importance of EF skill development as an integral part of the early
childhood education curriculum.

CONCLUSION

The right strategy in developing games based on executive function skills needs to be
formulated in order to achieve appropriate learning. Digital games are developed by
paying attention to 3 main skills in executive function in the form of: working memory,
flexibility of thinking and self-control. The strategy used is in the form of designing
specific and simple activities/work with a level of difficulty. In addition, the development
of EF skills-based digital games for prospective teachers and early childhood education
practitioners is effective in improving their ability to design innovative learning media.
More than 60% of participants were able to develop digital games using multiple
platforms, and all participants agreed that EF skills are important to be taught early on,
both through concrete methods and digital media. However, about 65% of the
participants still had difficulty effectively integrating EF skills into the games they
created, especially when it came to defining specific learning objectives. Therefore, a
more structured strategy and continuous support are needed so that digital game
development can achieve optimal learning goals.
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