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ABSTRACT

This study presents the design, development, and usability evaluation of an interactive desktop game aimed at
fostering early science learning among preschool children. Recognizing the limitations of conventional
teaching methods in engaging young learners, the game integrates visual storytelling, interactive tasks, and
science-themed content grounded in play-based pedagogy. Developed using the Waterfall model and
implemented through RPG Maker XP, the game features animated characters, voice-guided instructions, and
scaffolded activities to support embodied cognition and minimize cognitive load. A usability testing session
involving ten preschool children (aged 5-6) and their parents was conducted to assess the game's effectiveness
in delivering science concepts and maintaining engagement. Results revealed strong positive feedback
regarding visual appeal, instructional clarity, and ease of use. Parents reported that the game successfully
supported children’s ability to navigate tasks independently and reinforced learning through guided
exploration. Minor suggestions were made for increased interactivity in visual elements and additional
instructional support for novice users. These findings are consistent with recent literature emphasizing the role
of interactivity, dual-modality instruction, and visual coherence in digital learning environments. Overall, the
study affirms the game’s potential as a developmentally appropriate tool to enhance scientific curiosity and
foundational understanding among preschool learners. Recommendations for future iterations include
incorporating real-time animated content, guided tutorials, and personalized feedback mechanisms.

Keyword: Early Childhood Science Education, Interactive Learning Games, Preschool Digital Learning,
Embodied Cognition and Cognitive Load Theory

INTRODUCTION

Understanding the importance of science is essential for navigating the complexities of the modern world.
Science equips individuals with the ability to comprehend natural phenomena, develop technological
innovations, and address critical global challenges such as climate change, sustainability, and public health
crises. As emphasized by [1], [2], the increasing demand for individuals with critical thinking, creativity,
adaptability, and problem-solving abilities has made science education a global priority across all levels of
education, including early childhood.

Despite concerted efforts by educators and researchers to make science more accessible and engaging, there
remains a significant challenge in capturing the interest of young learners—particularly preschoolers [3]. At
this formative stage, conventional teaching approaches are often difficult in stimulating curiosity and
enthusiasm for scientific exploration [4]. Addressing this gap requires the adoption of innovative,
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developmentally appropriate strategies that make science both enjoyable and comprehensible. This study
introduces the design and development of an interactive desktop game aimed at supporting self-directed
science learning among preschool children. The game incorporates playful interactions, visual storytelling, and
foundational scientific concepts.

LITERATURE REVIEW
Importance of Play-Based Digital Learning in Early Science

Digital and interactive play supports cognitive and socio-emotional development in preschoolers. A scoping
review by [5], [6] categorizes “play-based pedagogy” as the most widely used approach in early childhood
digital learning children learn science and problem-solving effectively when digital tools are integrated into
play scenarios. Interactive desktop games offer embodied cognitive experiences that are vital for concrete
learners. A study by [7] found that digital games that emphasize embodied cognition where learners physically
interact with the desktop interface lead to significant gains in cognitive outcomes (effect size d =0.67)
compared to traditional instruction. In the context of digital games, embodied cognition refers to learning
experiences that go beyond visual or auditory input, requiring learners to engage in physical or motor actions
such as using a mouse to drag objects, clicking to trigger cause-and-effect relationships, or sequencing events
[8]. These interactive actions help anchor abstract scientific concepts (e.g., cause and effect, size, quantity, or
classification) in concrete, hands-on experiences.

Efficacy of Digital Science Games on Problem Solving and Creativity

STEM stands for Science, Technology, Engineering, and Mathematics. In early childhood education, STEM
activities help children explore the world around them through hands-on experiments, problem-solving, and
creative thinking. Digital science games designed with STEM elements can foster these skills in fun and
engaging ways [9]. A growing body of research highlights the potential of digital science games to
significantly enhance both problem-solving and creative thinking in early childhood, where STEM skills begin
to take root. Digital games create immersive environments filled with challenges, feedback loops, and
scaffolded tasks ideal for fostering problem-solving competencies. A meta-analysis by [9] also found that
digital STEM games yielded stronger effects on problem-solving skills than on declarative knowledge. Beyond
meta-analysis, games like block-based programming puzzles (e.g., codeSpark Academy) have been shown to
reliably measure and improve both computational thinking and real-world problem-solving, as evidenced in
studies where gameplay behaviors mapped onto validated assessments [10].

Interactivity and Cognitive Load

In digital learning environments, interactivity, especially when self-paced, plays a key role in managing
cognitive load and optimizing learning. According to Cognitive Load Theory, learners have limited working
memory capacity, so instructional designs should minimize unnecessary mental strain while promoting
meaningful processing [11]. In interactive digital games, features such as click-to-progress, drag-and-drop, and
self-controlled pacing reduce extraneous load—the mental effort imposed by poorly structured content—
allowing children to focus more on germane load, which is directly linked to learning and schema formation
[12]. A 2023 meta-analysis of embodied learning interventions found that activities involving meaningful
bodily engagement such as manipulating game elements—can lower cognitive load and enhance
comprehension and retention [13]. Moreover, a 2024 meta-analysis of game-based learning in early childhood
reported moderate to large positive effects on cognitive outcomes, in part due to interactive elements that direct
attention to essential content and encourage active mental engagement [14]. Thus, well-designed interactivity
not only makes learning more engaging but also strategically manages cognitive resources, enabling
preschoolers to process scientific concepts more deeply and effectively.

METHODOLOGY

The project employed the Waterfall model, which is a systematic and organised approach to software
development. It provides precise milestones and well-defined deliverables. The phases encompassed in the
process are the original needs planning, development, testing, and deployment (Naga, Kumar, Sathvika, 2018).

Page 4956

www.rsisinternational.org


https://rsisinternational.org/journals/ijriss
https://rsisinternational.org/journals/ijriss
http://www.rsisinternational.org/

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN SOCIAL SCIENCE (1JRISS)
ISSN No. 2454-6186 | DOI: 10.47772/1JRISS |Volume IX Issue 111S July 2025 | Special Issue on Education

RALLL I

“* RSIS ¥

Planning

The planning phase is a critical component in the development of the Interactive Desktop Game for Preschool
Children for science subject, as it establishes the foundational concepts necessary for effective and efficient
implementation. This phase outlines the key project requirements, including the problem statement, project
scope, and initial objectives. An application architecture was formulated, detailing the technological
specifications and modular components utilized in the system. A comprehensive explanation of these elements
is provided in the subsequent section.

Application Architecture

A well-defined application architecture provides the structural foundation that supports effective integration of
educational mechanics, multimedia elements, and interactive features in a preschool desktop game. Research
shows that coherent technical frameworks—characterized by modular design and clear interaction flows—
enhance performance, usability, and cognitive efficiency in digital educational games. The application
architecture of the interactive desktop base game for science subject of preschool students presented in Figure
2.1.

GAME ENGINE
- /_,.-—‘-'_‘—‘--.‘_\

Tutoring Component }-;. Variables

ASSET MANAGER k‘\___‘____/

- -

USER

>0
Graphical User Interface

v

Source ‘
Sains Textbooks

RPG MAKER XP

Figure 2.1 Application architecture.

Application architecture in Figure 2.1 shows that through a Graphical User Interface (GUI) connected to the
Game Engine, users interact with the system in real time. The Input Subsystem manages user inputs received
via the GUI, while the Graphic Subsystem handles graphical rendering. The Sound Subsystem controls audio
output, and the Renderer is responsible for transforming game data into visual representations. These four
subsystems collectively form the core components of the Game Engine. Another key element is the State
Component, which monitors user progress and current Game State. Complementing this is the Tutoring
Component, which continuously references these states to provide real-time feedback and adapt instructional
content based on individual performance. The Asset Manager supports this process by managing both Game
Assets (such as textures, models, and audio) and Instructional Assets (learning materials and displayed
information).

The Game Engine ensures smooth internal data flow by synchronizing user input, game state updates, and
asset deployment. The Tutoring Component utilizes data from the State Component to personalize learning
experiences, while the Asset Manager supplies required assets on demand to both the Game Engine and the
tutoring module. This architecture emphasizes instructional support and visual engagement without delving
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into advanced technologies like machine learning. Moreover, the design focuses strictly on the system's core
functionality, excluding aspects such as payment gateway integration or software maintenance processes. This
ensures a secure, distraction-free learning environment tailored specifically for young users engaging in
educational content.

Development

The technical implementation of Interactive Desktop Game for Preschool Children for science subject is a
crucial step in the project development process. The design of the central character crafted with Clip Studio
Paint, emphasizing its visual charm and attractiveness for preschool-aged children as presented in Figure 2.2.
The design of the character features vibrant colors and cheerful expressions to inspire curiosity and
camaraderie, enhancing the learning experience [14]. The desktop application was developed using RPG
Maker XP because it enables them to use required scripting tools which are crucial for events and animations
along with game mechanics.

Figure 2.2: Design of main characters

The game provides educational interactions within the game as a guide for the players to request scientific
explanations from plants and animals while performing learning activities. Children can naturally explore
information through interactive sessions which also spark their curiosity. The game provides instruction and
dialog that enhances children’s learning through fun activities to maintain engagement between learners [15].
The Ul of the game manipulates interactive colours, pictures and environment that suitable with the preschool
science topic which is about animals and plants. main interface is presented in Figure 2.3. According to
Cognitive Load Theory, learners have limited working memory capacity, so instructional designs should
minimize unnecessary mental strain while promoting meaningful processing [11]. Thus the game provide three
simple button for the children to starts, continue (if they have started the game before) or exit from the game.

MARIBELAJAR

New Game

Continue

Shutdown

Figure 2.3: The main page of the game
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The game provides two level, where the children that complete the easy module will continue to advance
module. The design and layout of each model is different as it been proved that will enhance children
engagement [14]. The

Vil

Figure 2.4: The interface of easy and advance level.

While for audio, the character’s voices are trained with Al using voice.ai. The process starts with Al voice
model training, then the voices are integrated with the character in RPG Maker XP. The voices include the
instruction to the player, the questions that are asked by the main characters as well as the explanation about
animals and plants with storytelling manner.

Testing

A usability testing session was conducted with ten preschool children aged five to six years. The researchers
approached parents in a public area and obtained verbal consent to invite their children to participate in the
game testing session. Upon receiving agreement from both parents and children, the researchers presented the
interactive desktop game on a laptop, allowing the children to freely explore and engage with the game.
Parents remained present throughout the session to observe and provide support as needed.

Two separate questionnaires were prepared to collect feedback: one for the children and one for the parents.
Parents were invited to complete their questionnaire by scanning a QR code provided by the researchers. For
the child participants, the researchers verbally administered the questionnaire and recorded the children's
responses on their behalf to accommodate their developmental abilities.

Usability Testing Procedure

[ Recruit Parents and ]

Children.

Obtain Consent.

[ Conduct Testing Session. ]

Parents: Complete
Questionnaire (QR Code)

[ Children: Respond to ]

Questionnaire

Record Responses.

Figure 2.5: Testing procedure.
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RESULTS AND DISCUSSION

A quantitative usability evaluation was conducted to assess the effectiveness of the game's educational features
and interactive elements for young users. The questionnaire was structured to differentiate between usability-
specific aspects such as navigation ease, clarity of instructions, and responsiveness of interactive components
and broader dimensions of the overall user experience. The results of the usability testing conducted with ten
children are presented in Figures 3.1 through 3.4.

Average rating (3.60)

1 2 3 4

4]

Figure 3.1 Attractiveness of Animal and Plant Knowledge (Preschooler).

Figure 3.1 presents the evaluation results concerning children's interest in the gamified educational
components related to animal and plant content. Four participants strongly agreed that the theme was
attractive, two agreed, one was neutral, two disagreed, and one strongly disagreed. Feedback from participants
who expressed disagreement indicated that the static nature of the animal characters reduced interactivity and
realism. This aligns closely with recent findings in the literature. For example, a 2024 study in the Journal of
Science Education and Technology revealed that pure animated sequences produced very strong learning
effects (Cohen’s d = 1.34) compared to static visuals or animations with presenters (d = 0.70) [16]. The
underlying mechanism appears to be improved attention as measured by eye-tracking animated visuals kept
learners more focused on key content, whereas animated presenters introduced extraneous cognitive load,
diluting the instructional impact. This result was considered constructive by the researchers, who recommend
that future game designs targeting preschool learners incorporate animated elements or recorded videos to
better simulate real animals. Enhancing understanding through such features is essential for increasing
engagement and improving learning outcomes in digital educational games for young children.

Average rating (4.40)

5

1 2 3 4

0 (0%) 0 (0%)
0

1 2 3

Figure 3.2 Clarity of Game Rules (Preschooler).
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According to Cognitive Load Theory, learners possess limited working memory capacity; therefore,
instructional design should aim to minimize unnecessary cognitive demands while facilitating meaningful
information processing [11]. As such, the clarity and accessibility of instructions were key elements evaluated
in this project. Survey results revealed that six children strongly agreed and four agreed that the game
instructions were simple and easy to understand. This outcome echoes findings in educational game research.
For instance, [17] underscore that the timing and modality of information presentation are crucial: presenting
instructions before gameplay (pre-training) or just-in-time during gameplay can significantly manage cognitive
load and enhance comprehension. Based on these findings, the researchers concluded that presenting
instructions in two formats text-based guidance and voice narration effectively supports young learners by
accommodating different literacy levels, reduce extraneous cognitive load and promote effective learning in
early learners [18]. However, two children disagreed, noting that they required parental assistance to navigate
and play the game. To address this, future enhancements should consider incorporating guided verbal
walkthroughs, on-screen helper prompts, or introductory video tutorials that children can engage with prior to
starting the game.

The evaluation of visual attractiveness, as illustrated in the figure 3.3, shows that six guardians strongly agreed
and four agreed that the game's visual design was appealing. This positive response indicates that the game
successfully captured the attention of both preschoolers and their adult supervisors. Such findings align with
recent research emphasizing the critical role of visual elements in children's educational media, where effective
design enhances attention, engagement, and information retention [19]. A study by [20]further supports this,
showing that parental approval is strongly influenced by visual aesthetics, which in turn affects their
willingness to support children’s use of digital games. Therefore, the high ratings from parents in this study not
only validate the aesthetic appeal of the game but also underscore the importance of maintaining visual quality
to support user engagement, usability, and educational effectiveness.

Average rating (4.60)

1 2 3 4 ]

Figure 3.3 Game Design Attractiveness (Guardian/Parent)

Figure 3.4 illustrates parents’ perceptions of their children’s ability to learn science through the game, where
six parents agreed and four strongly agreed that their children could master game mechanics quickly, with four
assigning the maximum score of five for ease of play and six rating it a four. This overwhelmingly positive
feedback aligns with findings in user-acceptance research, which emphasize perceived ease of use as a key
determinant for adoption of educational technologies especially in interactive contexts designed for young
learners [9]. In particular, [21]highlight the importance of effort expectancy users’ belief that the technology
requires minimal effort which greatly influences acceptance in educational environments. Similarly, a
meta-analysis of digital game-based learning in STEM education reported that interactive games significantly
outperform traditional teaching methods in terms of cognitive learning outcomes (effect size d ~0.67), an
effect largely attributed to game elements that facilitate immediate feedback, active problem-solving, and
intuitive interaction [7]. This study’s findings not only provide empirical confirmation of parents’ belief in the
game’s learnability but also suggest that well-designed interactivity and usability features effectively lower
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barriers to engagement and mastery. Future game development should continue to emphasize intuitive
interfaces and real-time guidance to maintain learning momentum and minimize cognitive load for both
children and supervising adults.

Average rating (4.40)

1 2 3 - 5

Figure 3.4 Learning ability through the game (Guardian/Parent)

CONCLUSION

The results of this usability study demonstrate that the interactive desktop game was well-received by both
preschool children and their guardians, particularly in terms of visual appeal, instructional clarity, and ease of
use. The majority of participants found the game engaging and accessible, with positive feedback indicating
that the game effectively supported early science learning. Minor usability challenges—such as the need for
greater interactivity in certain visual elements and additional instructional scaffolding—offered valuable
insights for iterative improvement. These findings align with recent research highlighting the importance of
visual engagement, multimodal instructions, and intuitive interfaces in digital educational tools for young
learners. The results affirm the game’s potential as a developmentally appropriate tool to foster interest,
engagement, and early scientific understanding in preschool-aged children. Future enhancements should focus
on incorporating more dynamic visuals, personalized feedback, and optional guided walkthroughs to further
optimize the learning experience.
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