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Abstract: This study aims to develop and evaluate the Super Geo-Bros game, an educational tool 

designed to assist ninth-grade students in understanding geometric transformations through 

interactive, Scratch-based technology. Following the ADDIE model, the research was conducted 

in five stages: analysis, design, development, implementation, and evaluation. The game allows 

students to interact with geometric shapes and perform transformations such as translation, 

rotation, reflection, and dilatation. Validation tests involving media and content experts 

demonstrated that the game is valid, practical, and effective, with a significant increase in 

students’ learning outcomes. The gain score of 0.71 indicates a high level of improvement, 

showing that this game enhances engagement and facilitates better comprehension of abstract 

mathematical concepts.        

 

Keywords: educational game, geometric transformation, mathematics learning, scratch, learning 

media.   

 

▪ INTRODUCTION 

Education is a fundamental need in human life. Through instruction and training, 

people go through several of positive procedures of self-development that lead to them 

becoming fully formed human beings. (Atalay, 2015; Saripudin et al., 2021). Education 

plays a crucial role in the development of a nation by producing skilled and high-quality 

human resources that contribute to the country's progress. This is in line with Law No. 20 

of 2003 on the National Education System, which emphasizes the importance of 

education in fostering national advancement (Boyadzhieva, 2016; Vastyanov et al., 

2021). Furthermore, in both formal and non-formal education, students are exposed to 

various fields of knowledge. So students must develop a strong interest in learning, as it 

greatly influences both the effectiveness of the learning process and the outcomes 

achieved (AlZoubi & Younes, 2015; Sidhu & Ying, 2017). In today's learning process, 

technology also serves as a key support, enhancing the effectiveness of education and 

making learning more accessible and engaging. 

Technology as a learning medium can increase students' interest in mathematics. It 

can strengthen students' motivation and help them understand specific concepts. 

Additionally, technology can support students in connecting learning to real life and 

enable them to focus on decision-making and reflection (Guzel, 2010). 

Technology has developed rapidly and supports various aspects of life, including 

education. Many schools, especially in developed countries, frequently utilize technology 

in the learning process. This is driven by the recognition that technology provides 

numerous benefits for both educators and students, including quick access to learning 

resources and the enhancement of skills in using electronic devices (Andreania & Ying, 

2019; Pratama et al., 2023; Wibawa et al., 2023). Guzel & Gunhan (2010) stated that 

technology can facilitate problem-solving learning and develop deeper understanding. On 

the other hand, technology in the form of games can also be utilized in the learning 
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process. Since educational games work well when teaching subjects like mathematics that 

students find boring or difficult, teachers frequently employ them in their classrooms. By 

using educational games, teachers aim to boost students' interest in mathematics, resulting 

in positive effects on both the learning process and their academic outcomes (Fadella et 

al., 2018; Fearnley & Amora, 2020). 

Educational games have rapidly evolved, providing new opportunities for teachers 

to integrate them into the learning process, making lessons more engaging and interactive 

for students. Before implementing games in education, teachers must enhance their 

knowledge and skills in using technology. Based on several researches, games in 

education are highly effective, such as boosting students' learning activities and helping 

to achieve learning objectives (Aprilliyah, 2014; Kalogiannakis & Papadakis, 2019; Lutfi 

& Hidayah, 2021). Moreover, educational games serve as an ideal solution for students 

to both play and learn. For subjects often perceived as difficult and unenjoyable, such as 

mathematics, games help support students throughout the learning process (Ahdhianto et 

al., 2020; Widyasari et al., 2019). Through games, students can better grasp the material 

and make the learning process more enjoyable (Fatimah & Santiana, 2017; Safitri et al., 

2022). 

Sherryl and Pacheco (2006) stated that games have great potential to maintain 

students' attention during the learning process. Furthermore, Sudargo et al. (2017) 

mentioned that games contain several elements that can encourage someone to keep 

playing for an extended period. These elements include attractive visuals, engaging 

content, and the enjoyment of completing one level or advancing to the next. 

Educational games are designed to achieve specific learning outcomes. 

Additionally, educational games can be used as a medium to train students' skills in 

problem-solving, finding solutions, thinking quickly, and competing (Ardiningsih, 2019). 

The primary objective of educational games is to meet learning goals in line with expected 

outcomes, facilitate meaningful learning through the game process, and provide real- 

world representation through game simulations. Previous research by Bernard (2020) 

found that people tend to play until they understand how the game works. However, if 

the game process is replaced with educational games, and students understand 

mathematical concepts through the game, they may be able to master mathematics and 

become more motivated to learn. 

Based on research conducted by Morsi and Jackson (2007), most students reported 

experiencing positive feelings, such as "happy" and "interested," when playing games. 

Bernard (2020) found that educational math games are enjoyable, allowing students to 

share ideas and appreciate mathematics. Additionally, Students displayed a strong 

curiosity about technology. Thus, the development of educational games for mathematics 

can transform students' mindsets, making mathematics a fun subject where concepts are 

easily understood, engaging, and motivating for learning. Consequently, students' 

learning outcomes can also improve. 

The use of technology-based games in education has become a widely researched 

topic and has been proven effective in improving student's learning outcomes, particularly 

in subjects that require abstract understanding, such as geometric transformations. Vogel 

et al. (2006) concluded that interactive games provide a deeper and more effective 

learning experience compared to conventional methods, as they enhance student 

engagement. The context of the Super Geo-Bros game, allows students to directly interact 
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with geometric objects and visualize the results of transformations such as translation, 

rotation, reflection, and dilation. Connolly et al. (2012) stated that technology-based 

educational games can enhance students' understanding, especially in abstract 

mathematical concepts. The implementation of Super Geo-Bros aligns with these 

findings, as it facilitates the exploration of geometric transformation concepts through 

visual and interactive media, making it easier for students to comprehend. 

Another study by Kiili et al. (2005) emphasized that educational games allow 

students to experience learning processes directly through simulation and 

experimentation, supporting the theory of experiential learning. In the Super Geo-Bros 

game, students can manipulate shapes and observe how each transformation affects the 

shape. Diniz et al. (2014) added that well-designed games can enhance students' 

motivation and cognitive engagement in solving mathematical problems. This is further 

supported by research from Huizenga et al. (2017), which found that technology-based 

games improve students' understanding through collaborative and interactive activities. 

Shute et al. (2009) found that games with integrated evaluation elements allow students 

to monitor their progress, enhancing reflection and metacognitive knowledge. Thus, 

Super Geo-Bros not only supports understanding of geometric transformations but also 

improves students' overall learning outcomes.       

 

▪ METHOD 

Participants 

The study's population included 9th-grade students in Bandung who had not yet 
been exposed to geometric transformation material. Through purposive sampling, the 
participants consisted of 28 nineth-grade students from a school in Bandung City. 
Validation was performed by experts in learning media and educational content. This 
research took place in September 2024 and was part of the development of an educational 
game aimed at improving students' learning outcomes. 

 
Research Design and Procedures 

This research is a Research and Development (R&D). R&D is research to produce 
certain products and test the effectiveness of the product. This type of research is different 
from other educational research because the goal is to develop a product based on trials 
and then revise it to produce a suitable product for use. The development model 
referenced is the ADDIE model proposed by Dick and Carey (1978), which encompasses 
five key phases: analysis, design, development, implementation, and evaluation. 

The use of the R&D and ADDIE model is considered appropriate because the focus 
of this study is to design and develop an educational game product as media for learning 
mathematics, particularly the concept of transformation geometry, the feasibility of 
educational quiz game products based on the experts’ judgment and respondents’ 
assessment, and the effectiveness test to determine the improvement of learning outcome 
of nineth-grade students. 

The development of the educational games using the ADDIE model began with 
Stage 1: Analysis, which focused on identifying suitable educational games to address 
student's difficulties in learning mathematics, particularly geometric transformations for 
ninth-grade students. This stage involved observation and interviews. Stage 2: Design 
followed, where the game design was initiated by creating flowcharts and storyboards, as 
well as planning the types of assessments to be conducted. In Stage 3: Development, the 
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design was realized, and validation was carried out by media and material experts. Stage 
4: Implementation aimed to gather user responses regarding the educational game. 
Finally, Stage 5: Evaluation involved assessing the game based on feedback from material 
experts, media experts, and respondents. 

 
Instruments 

The data were collected through observation, interviews, questionnaires, and tests. 
Observations and interviews were carried out during the preliminary test to determine 
students' learning conditions. Meanwhile, the questionnaire in the form of an evaluation 
sheet was used for experts’ judgment and respondents’ assessment. The test was carried 
out in 2 stages, namely the pre-test and post-test to identify the differences in students’ 
learning outcomes before and after using the developed product. The obtained data were 
analyzed by compiling and grouping data, describing data, and drawing conclusions. Data 
analysis was carried out descriptively to explain the respondents’ responses to tests, 
questionnaires, interviews, and observations. 

 
Data Analysis 

The research data was obtained in both qualitative and quantitative data. Qualitative 
data were obtained from interviews with teachers and critiques and suggestions from 
validators. Quantitative data was obtained through assessments using validation sheets, 
pre-test and post-test assessments, and student response questionnaires. The data 
collected were subsequently analyzed and processed using both qualitative and 
quantitative descriptive methods. Qualitative descriptive analysis is a method of 
interpreting or processing data that involves systematically compiling categories 
regarding a subject (objects, symptoms, or certain variables) in the form of sentences or 
words so that general conclusions can be drawn. In contrast, quantitative descriptive 
analysis is a method of processing data that involves systematically compiling numbers 
or percentages about an object under study in order to draw broad conclusions (Agung, 
2012). 

There are two data in this research, namely qualitative and quantitative data. 
Qualitative data were obtained from the validator. Quantitative data were obtained 
through assessment using validation sheets, pre-test and post-test assessments, and 
student response questionnaires. The data obtained were analyzed and processed using 
qualitative and quantitative descriptive methods. Qualitative descriptive analysis 
interprets or processes data by systematically assembling sentence/word categories about 
a subject (objects, symptoms, specific variables) to reach general conclusions. On the 
other hand, quantitative descriptive analysis is a data processing method that 
systematically compiles numerical data or percentages related to the object of study to 
draw general conclusions (Agung, 2012). 

Data analysis aims to obtain valid, practical, and effective scratch media. Validity 
analysis is based on the results of the validation sheets from media experts and material 
experts. Validation sheet data will be analyzed for validity by: 

 
𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 (%) =  𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑑 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑠𝑐𝑜𝑟𝑒 × 100% 

 
Learning media is considered valid if it has achieved more than 60% validity. 

Practicality analysis is conducted by analyzing data obtained from student response 
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questionnaires. Learning media is considered practical if it has reached a reasonably 
practical level above 70%. An effectiveness analysis is obtained based on pre-test and 
post-test results. N-gain calculation is used to see whether the developed media 
effectively improves student learning outcomes.  
 

▪ RESULT AND DISSCUSSION 

Super Geo-Bros Game 

The mathematics educational games were developed through several stages: 

analysis, design, development, implementation, and evaluation. The analysis stage 

involved conducting observations and interviews. Observations of ninth-grade 

mathematics learning revealed that the teacher primarily employed lecture and practice 

learning methods, utilizing textbooks and worksheets as the main teaching materials. 

Additionally, the teacher provided instructional videos as supplementary resources. 

However, some students showed a lack of interest in watching these videos because they 

passively viewed them without engaging directly with the devices. Interviews with ninth- 

grade students indicated that many found mathematics challenging due to numerous 

confusing formulas and difficult problems, leading to a low interest in learning and 

negatively impacting their learning outcomes. A particular area of difficulty for students 

was the concept of geometric transformations, especially rotation and reflection. 

Based on the analysis stage, the researchers proceeded to the second stage of the 

ADDIE model: design. During this stage, the researchers planned the development and 

testing of Scratch-based interactive games. This planning involved determining the 

educational material and exploring theories related to gamification media. The 

researchers then selected various elements, structures, audio, images, and typography that 

aligned with the learning material. 

Furthermore, in the third stage, researchers created and developed an interactive 

Scratch-based game, "Super Geo-Bros". For its content, on the initial screen, there is a 

"skuy" button to proceed to the menu selection. In the menu screen, students can choose 

the geometric transformations material, which contains the basic concepts of geometric 

transformations and the geometric transformations game option. In the material option, 

several concepts are presented to enhance students' understanding of geometric 

transformations, along with some easy questions. In the game option, students can control 

GeoBros in a maze to go to the correct answer box. The interactive game Super Geo-Bros 

is shown in Figure 1. 

In the implementation stage, the effectiveness of the previous step is evaluated. For 

the Scratch-based interactive media game, two experts, media experts and material 

experts, conducted tests. Validation was carried out by distributing questionnaires to these 

experts. After receiving their evaluations, the researchers tested the Scratch-based 

interactive media games on ninth-grade students. However, due to certain limitations, the 

researchers conducted field tests only. Media testing involved distributing links to pre- 

test and post-test questionnaires along with the Super Geo-Bros interactive game to the 

students. Students were given two days to complete the pre-test and post-test 

questionnaires and engage with the media. The process began with students filling out the 

pre-test questionnaire before using the interactive media. After completing the pre-test, 

students could use the media and subsequently fill out the post-test questionnaire. 
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Figure 1. Interactive games super geo-bros 

 

The final stage is evaluation. Several improvements are made to the Scratch 

software-based interactive learning media during the evaluation stage. Suggestions and 

input from validators, as well as teacher and student responses, are used to improve the 

Scratch software-based interactive media. Based on the needs analysis results in high 

schools, learning media can help students' understanding, especially in the regulatory 

system material. According to the research conducted by Nugraha & Widiyaningrum 

(2015) and Martanti et al. (2013), learning media based on Scratch software can facilitate 

students' understanding of the material presented by the teacher. 

Based on the results of the assessment by media experts using a questionnaire 

covering aspects of media design, ease of use, and media support in Table 1. The average 

percentage of the validation by media expert was 85% and it was categorized as “very 

appropriate”. 

 

Table 1. Results of validation by media expert 
No Rated Aspects Percentage Category 

1 Media Design 90% Very Appropriate 

2 Ease of Use 80% Very Appropriate 

3 Media Support 85% Very Appropriate 

 

Then, based on the results of the assessment by material experts using a 

questionnaire covering aspects of Material Quality, Material Coverage, Material Benefits 

and Linguistics in Table 2. The average percentage of the validation by media expert was 

92,75% and it was categorized as “very appropriate”.  
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Table 2. Results of validation by material expert 
No Rated Aspects Percentage Category 

1 Material Quality 90% Very Appropriate 

2 Material Coverage 86% Very Appropriate 

3 Material Benefits 95% Very Appropriate 

4 Linguistics 100% Very Appropriate 

 

Then, based on the results of field test by student using a questionnaire covering 

aspects of Functions and Benefits, Program Presentation, Language and Typography in 

table 3. The average percentage of field tests was 97% and it was categorized as “very 

appropriate”.  

 

Table 3. Results of field tests 
No Rated Aspects Percentage Category 

1 Functions and Benefits 97% Very Appropriate 

2 Program Presentation 94% Very Appropriate 

3 Language and Typography 100% Very Appropriate 

 

The Effectiveness of Super Geo-Bros Game to Improve Learning Outcomes 

Based on the mean scores of the two tests, there is a noticeable increase from the 

pre-test to the post-test. The gain score, calculated using the two mean scores, resulted in 

0.71. Because the gain score is more than 0.70, it is considered “high”, so the use of 

educational games in learning mathematics of ninth-grade students can be said effective. 

 

Table 4. Effectiveness test 
 Pretest Posttest 

Minimum score 1 3 

Maximum score 22 25 

Mean 7.5 19.1 

Gain Score  0.71 

Category  High 

 

The results of the practicality test conducted on a small scale, based on teacher and 

student responses, indicated that the media was very practical. Similarly, student 

responses during the field trial reflected a practical evaluation, as their suggestions and 

comments on the questionnaire revealed a strong interest in the Scratch interactive 

learning media. This is in line with the research of Arfiansyah et al. (2019), who indicated 

that the Scratch learning media is effective in engaging students, as evidenced by the 

numerous comments from students on the questionnaire and their active participation in 

the learning process, demonstrating their interest. Based on the results of the research of 

Chaerunnisa & Bernard (2021), also shows that the interest of primary school students is 

in a strong category when learning mathematics using scratch media. 

The effectiveness test results found that Scratch interactive learning media can 

improve student learning outcomes, so it is very effective to use in learning. This is 

consistent with the findings of Permatasari et al. (2018) that scratch media can improve 

learning outcomes, as indicated by the percentage of completeness of student learning 
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outcomes that increases from cycle one to cycle two, and scratch media can also increase 

student motivation. Additionally, other studies indicate that there are differences in 

learning outcomes when using Scratch media compared to simpler media. Scratch media 

has a positive impact on learning outcomes, as it enables students to achieve higher scores 

(Husna et al., 2019; Ortiz-Colón & Romo, 2016). 

Scratch software-based interactive learning media offers several advantages, 

including a combination of text, images, animation, and games, which can significantly 

aid students in understanding concepts more effectively. Consequently, this interactive 

learning media can enhance students' learning outcomes. This is supported by the findings 

of Diyana et al. (2020), who state that the integration of components such as text, images, 

and animation makes the media particularly suitable for clarifying abstract concepts and 

making them more concrete. Additionally, research by Korkmaz (2016) indicates that 

Scratch-based games contribute to increased academic achievement scores among 

students. 

Based on the results of the validity, practicality, and effectiveness tests, the 

interactive learning media based on scratch software on the material of the regulatory 

system is declared to be valid, practical, and effective so that this learning media can be 

utilized by teachers in the learning process. 

 

▪ CONCLUSION 

The Super Geo-Bros game has been proven to be a valid, practical, and effective 

learning tool in helping students understand the concept of geometric transformations. 

The development of this game followed the ADDIE model and was validated by experts 

in media and content, with results showing high levels of validity, practicality, and 

effectiveness. The gain score of 0.71 reflects a significant improvement in student 

learning outcomes, indicating that the use of educational games in mathematics 

instruction can enhance student engagement and facilitate the understanding of abstract 

mathematical concepts. 

Furthermore, the Super Geo-Bros game has successfully made the learning process 

more interactive and enjoyable, allowing students to more easily relate the material to 

real-life situations. The use of game-based technology also demonstrates great potential 

in creating a more personalized learning experience, where students can learn at their own 

pace and according to their individual needs. Thus, educational games like Super Geo-

Bros play an important role in supporting the achievement of more optimal and in-depth 

learning outcomes, particularly in subjects often perceived as difficult, such as 

mathematics.    
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