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	The use of technology in education is growing, but its use has not been maximized in the learning process, especially in science and science learning in elementary schools. Learning still uses simple learning media in the form of teaching aids and does not use technology that is developing rapidly at this time. The use of learning media that is still simple does not optimally encourage students to be active and have a high desire to learn. This also has an impact on learning outcomes which are still low. For this reason, it is necessary to develop digital learning media that utilize technological developments that can overcome the low motivation and learning outcomes of these students. The development of interactive learning multimedia based on educational games is the right solution to overcome these problems. The aim of this research is to develop interactive learning multimedia based on education games that are valid, practical and effective for increasing elementary school students' motivation and science learning outcomes. The type of research used is Research and Development (R&D) with the ADDIE (Analysis, Design, Development, Implementation, Evaluation) development model. The research subjects were grade 2 students at an elementary school in the city of Serang. Data was collected through validity sheets, practicality sheets, learning outcomes tests, motivation questionnaires, and observations of student involvement to see effectiveness. The research results show that interactive multimedia learning based on education games based on validator assessments is valid for use and based on the results of student responses the products developed are practical for use. Interactive learning multimedia based on education games is effective for increasing student motivation and learning outcomes. It can be concluded that interactive multimedia learning based on education games is valid, practical and effective in increasing student motivation and learning outcomes.
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INTRODUCTION
The development of digital technology has influenced various aspects of life, including the world of education. One of the innovations that has emerged in the field of education is the use of interactive digital edugames (Kale et al., 2021). Edugame is a game specifically designed for educational purposes, combining elements of learning with games so that students can learn in a more fun and interactive way (Widjayatri et al., 2022), (Safitri et al., 2022). Constructivist theory, proposed by Piaget and Vygotsky, emphasizes that learning is an active process in which students build their own knowledge through experience and interaction with the environment (Mcleod, 2023). In the context of edugames, students can build understanding through exploration, decision making, and feedback provided in the game (Hidayat & Nur, 2022).
Education in the digital era demands the use of technology as a tool in the learning process (Gupta, 2023). Interactive digital education is one of the media that can be used to support more dynamic and interesting learning (Efe & Umdu Topsakal, 2024), (Yeni Widiawati et al., 2022). Several previous studies have shown that the use of edugames can increase learning motivation, conceptual understanding and student learning outcomes (Ruiz et al., 2021). Motivation in Learning According to the ARCS (Attention, Relevance, Confidence, Satisfaction) motivation theory, student attention, material relevance, self-confidence and satisfaction are very important in maintaining learning motivation (Chang, 2021). Interactive digital education can fulfill these four aspects by presenting material that is interesting, relevant to everyday life, providing challenges that are appropriate to students' abilities, and providing awards in the form of points or levels (Hong et al., 2021).
One of the main challenges in education in elementary schools is maintaining student motivation and involvement in the learning process (Justitia et al., 2021). Elementary school students tend to have short attention spans and prefer activities that are visual and interactive (Bernard et al., 2018). Therefore, innovative and interesting learning approaches are needed, such as digital edugames, to increase learning effectiveness (Tresnawati et al., 2020). Interactive digital educational games are games designed with educational purposes, which allow direct interaction between players (students) and learning content (Wang et al., 2023). Edugame offers a learning environment that can stimulate the mind, facilitate knowledge discovery, and strengthen student involvement in learning (Imanulhaq & Pratowo, 2022)
However, despite its great potential, the use of digital edugames in the context of formal education in elementary schools is still limited. Teachers in elementary schools often face difficulties in designing learning that utilizes technology, especially in effectively integrating game elements into learning materials. Therefore, research is needed that develops and tests the effectiveness of interactive digital edugame-based learning models that suit the characteristics of elementary school students. This research aims to develop an interactive digital edugame-based learning model in elementary schools and analyze its impact on student motivation and learning outcomes.

METHODS 
This research uses the Research and Development (R&D) method (Mahmudin & Saprudin, 2023) with the ADDIE development model which includes five stages: 1) Analysis: Analyzing learning needs, student characteristics, and the applicable curriculum. 2) Design: Designing a digital edugame that suits the subject matter and student needs. 3) Development: Developing a digital edugame based on the design that has been created. 4) Implementation: Implementing edugames in classroom learning. 5) Evaluation: Evaluate the effectiveness of edugames through learning outcomes and student motivation questionnaires. The development procedure is shown in the following image. (Ranuharja et al., 2021), (Dilaines et al., 2024).
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Figure 1 ADDIE Development Model
The research subjects were 30 2nd grade elementary school students in Serang City. Data collection techniques include validation sheets, tests and questionnaires (Komarudin et al., 2022). Data collection instruments include learning outcomes tests consisting of multiplechoice questions and essays, learning motivation questionnaires consisting of intrinsic and extrinsic motivation, and observation sheets of student involvement in using interactive digital edugame-based learning media. Data analysis techniques using analysis of validity results from experts, the practicality of using learning media by looking at the active role of student involvement, and the effectiveness of developing interactive digital edugame-based learning in elementary schools in the form of analysis of improving student learning outcomes. The data analysis technique used refers to the following percentage formula.


The results of the validity sheet questionnaire analysis are interpreted using the following criteria.
Table 1. Interpretation of Validity percentage
	No 
	Interpretation
	Percentage

	1
	Very Inadequate
	0%-20%

	2
	Not Worth It
	21%-40%

	3
	Decent Enough
	41%-60%

	4
	Worthy
	61%-80%

	5
	Very Worth It
	81%-100%


The results of the analysis of the practicality sheet questionnaire are interpreted using the following criteria.
Table 2. Interpretation of Practicality percentage
	No 
	Interpretation
	Percentage

	1
	Impractical
	0%-54%

	2
	Less Practical
	55%-59%

	3
	Quite Practical
	60%-75%

	4
	Practical
	76%-85%

	5
	Very Practical
	86%-100%



FINDINGS AND DISCUSSION
This research uses the ADDIE method which includes the stages of Analysis, Design, Development, Implementation and Evaluation. The following are the results and discussion of each stage in the development of interactive digital edugames for learning science and technology on animal introduction material in elementary schools. 
3.1. Analysis
At the analysis stage, researchers conducted an assessment of students' needs, the characteristics of the science material regarding animal recognition, and the suitability of the 2nd grade elementary school curriculum. Based on the results of the analysis, several important points were found:
a) Student Needs: Grade 2 elementary school students prefer learning that uses visualization and interactive activities. Conventional textual and verbal learning often does not attract their attention.
b) Material Characteristics: Animal introduction materials have a lot of visual information (images and characteristics of animals), which is ideal for visualizing in the form of interactive games. Students can learn about habitats, physical characteristics, and animal food in a more fun way.
c) Curriculum: The 2nd grade science curriculum covers the themes of animal recognition, including grouping animals based on habitat (land, water, air), type of food (herbivores, carnivores, omnivores), and distinctive physical characteristics.
These results indicate that students need an interactive and visual-based approach to facilitate understanding of the concept of animal recognition. Based on the needs analysis, the need to develop interactive digital edugame media is based on the need for media that supports student understanding
3.2. Design
At the design stage, interactive digital edugames are designed based on the analysis results. This stage includes designing the interface, game flow, and the types of activities integrated into the game. Some of the design elements created include: 
a) Visual Interface: Edugame is designed with a nature theme, using attractive and colorful animal images. Each animal is accompanied by an animation showing its habitat and living habits.
b) Game Flow: Edugame is designed in the form of missions, where students have to complete several challenges to help the animals return to their suitable habitat. For example, students must group animals based on where they live or choose the right food for each animal.
c) Interactive Features: Each game level provides interactive challenges related to animal recognition material. There are quizzes that provide immediate feedback, as well as a “star collection” feature that motivates students to complete levels correctly.
d) Reinforcement: At the end of each level, students get additional information in the form of interesting facts about the animals being studied, so that learning does not only focus on gameplay but also on enriching knowledge.
After the analysis results, an edugame design was formulated involving: A visual interface that attracts students who like pictures and animations, a game level with the theme of grouping animals based on habitat, type of food and physical characteristics, and reward features (for example, stars or points).
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Figure 2 Interactive Digital Edugame Based Learning Design


3.3. Development
At the development stage, the planned design is realized in the form of a digital edugame application. This game was built using game development software that supports high interactivity. The development stage includes:
a) Visual and Animation Content Creation: All animal images and animations are adapted to the real characteristics of these animals, so that students can learn with accurate visual representations.
b) Game Coding: Edugame is developed with a programming language that allows the integration of interactive features, such as automatic scoring, animal grouping, as well as play in several levels of difficulty.
c) Alpha Trial: Edugame is tested on a limited basis to ensure that all features work properly and there are no technical bugs. The development team also made adjustments based on feedback from initial testing.
Based on the results of the validation sheet, practicality results and student learning outcomes tests, the following data were obtained.
a. Validation Results
The design feasibility test was carried out through a questionnaire to 3 experts consisting of material, media and language experts. The results of the expert validation questionnaire sheet are as follows.
Table 3. Expert validation results
	Expert validation
	Validation Results
	Category

	Materials Expert
	93%
	Very Worth It

	Media Expert
	89%
	Very Worth It

	Linguist
	88%
	Very Worth It


Based on the table above, it can be concluded that interactive multimedia learning based on education games is very suitable for use with several suggestions for revision. This multimedia can be used in learning because it can help students use the material contextually.
b. Practicality Results
This stage involves creating an edugame based on the design results, followed by an alpha trial on 10 students to see technical fluency and functionality. From the trial, it was found that 93% of students responded that the use of interactive learning multimedia based on educational games was very practical to use
c. Effectiveness Results of Student Learning Results
In the implementation stage, edugame was applied to 30 grade 2 elementary school students. The following is the data from the implementation of edugame based on pre-test and post-test to measure students' understanding of animal introduction material: Average pre-test score: 60, Average post-test score: 80. The graph below shows the increase in results student learning after using edugame.
Table 2. Student learning test results
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	Pre-test scores
	Post-test scores

	Average 
	60
	80

	Highest 
	75
	90

	Lowest 
	45
	65



Based on the results of an increase in the average value of 20 points, a 33.3% increase was obtained.
The following graph shows the distribution of increases in student learning scores after using edugames:

Figure 4 Graph of Student Learning Results Test
d. Results of the Effectiveness of Student Learning Motivation
In the implementation stage, edugame was applied to 30 grade 2 elementary school students. The following is data on student learning motivation results from the implementation of edugames based on pre-test and post-test to measure the increase in educational game-based interactive multimedia learning. Data on student learning motivation results are as follows
Table 3. Results of student learning motivation
	Criteria
	Pre-test scores
	Post-test scores

	Average
	37
	91

	Highest
	43
	93

	Lowest
	47
	87

	Average
	42,33
	90,33


Based on the table above, it can be seen that there is an increase in the average pre-test to post-test results of student learning motivation with interactive multimedia learning based on education games. The use of multimedia has an impact on increasing student learning motivation, both intrinsic and extrinsic motivation
3.4. Implementation
In the implementation stage, edugame was applied to 2nd grade elementary school students in one of the elementary schools. The implementation process involves several steps:
a) Teacher Training: Teachers are given brief training on how to use edugames and integrate them into daily learning. Teachers are also trained to monitor and evaluate student engagement during play.
b) Learning Scenario: Edugame is used as a learning aid in science learning about animal recognition. The teacher starts with a brief explanation of the material, then students are directed to play the edugame.
c) Use of Edugames by Students: During implementation, students played edugames in class using tablets provided by the school. Observations were made to see students' responses and how they interacted with the game.
Implementation Results:
Student Motivation and Engagement: Most of the students showed high enthusiasm while playing edugames. 85% of students seemed more active and involved in the game, they tried to complete the challenges with enthusiasm. They communicate with their classmates and discuss the best way to complete the mission.
Understanding of Material: Based on observations and quizzes integrated in the game, students show a better understanding of animal recognition concepts. 90% of students succeeded in grouping animals based on their habitat and type of food correctly after playing the edugame.
3.5. Evaluation
At the evaluation stage, two types of evaluation are carried out: formative and summative. 
a) Formative Evaluation
Performed during the development process and alpha testing to ensure content and functionality suitability. Improvements were made to several visual elements and user interactions. 90% of expert input has been implemented in the final version of the edugame.
b) Summative Evaluation
Summative evaluation is carried out to assess the impact of edugames on student motivation and learning outcomes. The following is statistical data from the results of a motivation questionnaire filled out by 30 students after using edugame:
Student learning motivation was obtained by 88% of students feeling more motivated in learning after using edugames. 85% of students are more interested in science material after using edugames.
The following is data from a questionnaire that measures learning motivation based on the ARCS (Attention, Relevance, Confidence, Satisfaction) model:

Figure 5 Percentage of students
Table 3. Results of student learning motivation
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	Percentage of Students

	Attention
	90%

	Relevance
	85%

	Confidence
	80%

	Satisfaction
	88%

	Total
	85,75 %


Discussion
From the results above, it can be seen that interactive digital edugames succeeded in increasing student learning outcomes by 33.3%. This increase is due to interactive features and visualizations that help students understand the material in a more fun and concrete way. Apart from that, students' learning motivation also increased significantly based on questionnaire data, where 88% of students felt more motivated to learn using game-based media.
This research also shows that the use of technology in learning can be a solution to overcome student boredom in conventional learning, especially for science and science material which is often descriptive and requires real visualization. However, there are several obstacles in implementing edugames, including limited technological facilities owned by students and teacher training which still needs to be improved to be more optimal in using digital media. Evaluation is carried out in two aspects: formative evaluation during the development process and summative evaluation after edugame implementation.
a) Formative Evaluation:
At the development stage, edugames are evaluated through internal testing to ensure each feature functions properly. Improvements were made to the visual appearance and user interactions which were initially less intuitive. Feedback from test students is used to improve the game before it is implemented more widely.
b) Summative Evaluation:
After implementation, a summative evaluation is carried out to measure the effectiveness of edugames on student motivation and learning outcomes. The following are the results of the summative evaluation:
Learning Outcomes: Pre-test and post-test were given to students to measure the extent of their understanding of animal introduction material before and after using the edugame. The average student pre-test score was 60, while the average post-test score increased to 80, indicating an increase in understanding of 20 points. Learning Motivation: Based on the learning motivation questionnaire, 88% of students felt more motivated to learn using edugames because they felt more challenged and involved in the learning process. Attractive visual displays and interactive features have a positive impact on student learning motivation.
Based on the results obtained from the implementation of edugame, it can be concluded that interactive digital edugame-based learning has a positive impact on student motivation and learning outcomes in science and science material about animal recognition. Edugame allows students to learn independently, visualize abstract concepts more concretely, and improve their understanding of the topics studied. Game elements based on challenges and rewards also help increase student motivation to continue learning. This is in line with constructivist learning theory, which emphasizes that students learn better through exploration and active interaction with the learning environment. However, this research also shows that to achieve optimal results, schools need to ensure the availability of technology and provide support to teachers in the form of training to integrate this technology into the curriculum. These results and discussion indicate that interactive digital edugames have the potential to be an effective learning tool in teaching science material in elementary schools, especially in the introduction of animals, provided that the implementation of appropriate technology and teacher support is very necessary
CONCLUSION 
The development of interactive digital edugames has proven effective in increasing student motivation and learning outcomes in elementary schools. Edugame provides a fun and interactive learning environment, which is able to attract students' attention and increase their involvement in the learning process. Thus, digital edugames can be used as innovative alternative learning media to support the achievement of learning goals in elementary schools. Based on the results of this research, several suggestions that can be given are: Edugame development needs to be adapted to the curriculum and student characteristics so that it is more effective in supporting learning. Training for teachers is very necessary so that they are able to integrate edugame technology into the learning process appropriately. Further research can be conducted to explore the influence of edugames on non-cognitive skills, such as critical thinking abilities and collaboration between students.
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Student Learning Test Results
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80%
88%

Attention	Relevance	Confidence	Satisfaction	0.9	0.85	0.8	0.88	
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