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Abstract  

 

Mathematics, especially the topic of probability, is often considered abstract, 

complicated, and boring by students, which leads to low interest in learning. 

This condition is exacerbated by the use of monotonous conventional teaching 

methods. This study aims to: (1) provide an overview of the feasibility of 

developing an educational game titled “Petualangan Matematika” based on 

smartphones using the Scratch platform for the topic of Probability, (2) explain 

the validity of the educational game as assessed by expert validators, and (3) 

describe the practicality of the smartphone-based educational game in 

supporting the learning process of mathematics, specifically on the topic of 

Probability. The research employed the Research and Development (R&D) 

method by adopting the ADDIE development model, which consists of five 

systematic stages: Analysis, Design, Development, Implementation, and 

Evaluation. The visual design of the game was created using Canva, while the 

development of the educational game itself was carried out using the Scratch 

platform. The final product is an educational game that can be accessed and 

played on smartphone devices. The research subjects consisted of 27 students, 

divided into two groups: a small group of 5 students who participated in the 

readability test, and a larger group of 22 students who took part in the 

practicality test. The instruments used to assess both validity and practicality 

were questionnaires utilizing a Likert scale. The data analysis techniques 

involved evaluating the results of the readability and practicality tests. The 

results of the study concluded that: (1) the product, a smartphone-based 

educational game titled “Petualangan Matematika” for the topic of Probability, 

is categorized as highly feasible for use in learning activities; (2) the validity 

level of the game is very high, as evidenced by expert assessments: media expert 

validation yielded a score of 81.25%, while two subject matter experts provided 

scores of 93.75% and 100%, respectively; and (3) the game demonstrated a very 

high level of practicality, indicated by a 92% score in the readability test 

conducted with the small group and a 97.125% score in the practicality test with 

the larger group. 
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1. INTRODUCTION 

 

Rapidly advancing technological innovation has penetrated all 

aspects of life, particularly education. The development of Information 

and Communication Technology has impacted various areas of life, 

including learning technology [1]. The use of technology in the learning 

process requires competent human resources. 

By equipping every individual with adequate digital skills, we not 

only prepare them to face future challenges, but also open up wider 

opportunities to actively participate in diverse aspects of life, including 

economic, social, and cultural aspects [2] According to press release No. 

662/HM/KOMINFO/10/2024, Indonesia's vision is to become the center 

of the gaming industry in Southeast Asia. The national gaming industry 

is showing rapid progress, with over 150 million gamers, making 

Indonesia one of the largest markets in the region. 

Next year, Indonesia is targeted to become a center for talent and 

creativity development in the gaming industry [3]. Educators can take 

advantage of this opportunity by developing flexible and effective 

digital learning media via smartphones [4]. 

One of the main obstacles in learning mathematics is students' 

perception that mathematics is complicated and uninteresting, which 

causes a lack of interest and enthusiasm in learning it [5]. As a result, 

students tend to lose focus, are less involved, and their learning 

achievements decline, especially on abstract material. One of the 

materials that is considered difficult is the concept of probability, 

which requires visualization and simulation to make it easier to 

understand [6]. To overcome this problem, the steps that need to be 

taken are to use media [7]. The use of technology-based media is an 

innovative solution to increase interest and motivation in learning 

mathematics [8]. 

During the School Field Practice at MTs Muhammadiyah 3 Al-

Furqan, researchers observed that many students preferred learning 
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outside the classroom. Students felt bored with conventional methods 

that lacked variety, leading to a tendency to lose focus during learning. 

Researchers also found playing games on smartphones to be their 

favorite activity. However, the ban on smartphone use in schools limits 

the use of technology-based learning media. 

Despite the ban on smartphone use in schools, the potential for 

integrating educational games remains open. This game is designed to 

help eighth-grade MTs students understand the concept of probability 

interactively, with examples and a variety of practice questions 

available outside of school hours. Educational games are an interesting 

learning medium because they combine elements of play and learning 

to create an interactive and fun learning experience [9]. Researchers 

used the Scratch platform because it supports visual and interactive 

design according to learning needs. The creation of the “Mathematical 

Adventure” game was based on three reasons: (1) the material on 

probability requires a contextual and visual approach, (2) this media 

takes advantage of students' interest in smartphones, and (3) the 

challenge elements in the game are designed to increase motivation to 

learn mathematics. 

The novelty of this research compared to research [10], which 

developed an Android-based educational game with Construct 2, lies in 

three things: the use of the beginner-friendly Scratch platform, the 

design of the “Math Adventure” game with story elements to increase 

motivation, and its design specifically for access via smartphone. 

Research [11] also emphasizes the potential of Scratch as an interactive 

learning medium, but is still limited to the topic of quadratic equations 

and has not yet targeted the material on probability or its use on 

smartphone devices. Meanwhile, research  [12] proves the feasibility of 

Scratch in probability learning with a high level of validity, but its 

accessibility still depends on computers in schools. Departing from the 

limitations of these studies, this research is present with a focus on 
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probability material which is often considered difficult, presented 

interactively to make it easier to understand, and can be accessed via 

smartphone to support fun independent learning at home. Thus, the 

title of this research is: Development of Smartphone-Based Educational 

Game Learning Media "Mathematical Adventure" Using the Scratch 

Platform on Probability Material. 

 

2. RESEARCH METHODS 

 
The purpose of this study is to describe the development process, 

validity, and practicality of the media. This research was conducted at 

MTs Muhammadiyah 3 Al-Furqan (Jalan Cemara Ujung, Banjarmasin 

Utara, Banjarmasin City, South Kalimantan) from January to May 2025. 

The small-scale trial involved 5 students from class IX B, while the large-

scale trial involved 22 students from class VIII C. This research uses the 

Research and Development (R&D) method with the ADDIE model 

(Analysis, Design, Development, Implementation, Evaluation). 

The data collection instruments used were validation and 

practicality sheets [13], the instruments were arranged using a 4-point 

Likert Scale (SA=4, A=3, D=2, SD=1). The media assessment aspects 

included content quality, evaluation/exercises, language, and 

storyboard, while the material aspects included display, language, 

material presentation, and textbook suitability. Data were analyzed 

using descriptive quantitative analysis by converting scores into 

percentages using the formula: 

 

𝑃 =  
∑ 𝑋

𝑁
× 100% 
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Information : 

 𝑃 = 𝑉𝑎𝑙𝑖𝑑𝑖𝑡𝑦 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 

 ∑ 𝑋 =  𝑇𝑜𝑡𝑎𝑙 𝑠𝑐𝑜𝑟𝑒 𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑 

 𝑁 = 𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑠𝑐𝑜𝑟𝑒 [14]. 

 

The results of these calculations will be grouped into qualitative 

criteria which are presented in the following table 1: 

Table 1. Test Criteria 

Criteria Category Information 

75% < 𝑃 ≤ 100% Very Valid/Practical Development continues 

50% < 𝑃 ≤ 75% Valid/ Practical Small scale revision 

25% < 𝑃 ≤ 50% Less Valid/ Practical Repair 

0% ≤ 𝑃 ≤ 25% Invalid/ Impractical Repair 

 

 

3. RESULTS AND DISCUSSION 

 

a. Analysis Stage  

Based on a needs analysis of 22 students from class VIII C, all 

students showed a high interest in educational media in the form of 

adventure-themed educational games. The students liked games 

that had interesting themes, immediate feedback, difficulty level 

options, material repetition features, attractive visual displays, and 

interactive animations. This indicates a need for media that is 

enjoyable, adaptive, and contextual to strengthen their 

understanding of concepts [15]. 

From a technical perspective, most students have Android-

based devices and want games that can be accessed both offline and 

online, are small in size, and are easy to control via a touchscreen 

[16]. They also hope for a variety of questions and a discussion 

feature. Therefore, the development of educational games needs to 

consider content diversity, material relevance, attractive visuals, as 
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well as ease of access and use, so that the resulting media provides 

an optimal learning experience [17]. 

b. Design Stage 

This design phase utilized the Canva application intensively for 

creating visual assets, with the support of the premium version to 

gain full access to all elements and icons without limitations, and to 

avoid the presence of watermarks on the design results [18]. This 

tool was chosen because of its ease of use and the completeness of 

its graphic elements that can be tailored to learning needs. The 

following are the steps that have been carried out: 

a) Accessing and installing the desktop version of the Canva 

application, then creating an account via email. 

b) Designing the main screen display, game menu, main character, 

background objects, and other supporting elements such as 

navigation buttons and score icons. 

c) Using the templates available in Canva as a design basis, which 

were then modified to fit the adventure theme by using elements, 

icons, shapes, and illustrations to enrich the visual design. 

An example of the visual design results, specifically the opening 

page with the game title and a "start" button, can be seen in the 

following image 1. 

 

 

 

 

 

 

 

 

 

 

 

 Figure  1. Design View in Canva. 
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c. Development Stage 

The development stage was carried out in several steps as 

follows: 

a) All assets (character images, navigation buttons, backgrounds) 

that were designed in Canva were exported and uploaded into 

Scratch. 

b) The assets were imported as sprites or backdrops and named 

according to their function to make it easier to manage the code 

(for example, the learning outcome button was named LO, etc.).  

The uploaded sprites and backdrops can be seen in the image 

below. 

 

 

 

 

 

 

 

 

 

 

c) The game's flow was developed according to the designed 

storyboard. 

d) To make the navigation buttons move, it was necessary to add 

programming for interaction by inserting visual blocks in 

Scratch. 

e) The visual programming blocks can be seen in the following 

image 3. 

 

 

Figure  2. Development Process View. 
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To ensure that the educational game developed meets quality 

standards in terms of appearance, technical aspects, and material 

content, a validation process was carried out with two categories of 

experts: 

1. Media Expert to assess the design, technical, and interactivity 

aspects of the media. 

2. Material Expert to assess the suitability of the content with the 

curriculum and the students' level of understanding. 

The validation process was conducted using an assessment 

instrument that was prepared based on guidelines for developing 

interactive learning media. The validated product was then ready to 

be tested in the field. 

d. Implementation Stage 

Implementation was carried out on a small scale as an initial 

step before a wider trial. The main focus of this stage was a legibility 

test, covering the game instructions, language, text, and the flow of 

both the learning and the gameplay. Five students who had already 

studied the probability material were involved as respondents. The 

results from this stage became the basis for assessing the feasibility 

of using the game or determining the need for improvements based 

on the feedback from the initial users [19]. 

Figure  3. Visual Scratch Programming Blocks View. 
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e. Evaluation Stage 

The evaluation and revision phase was conducted at every 

stage of development to ensure the educational game ran optimally 

up to the validation stage. The evaluation performed was a formative 

evaluation, carried out progressively from the needs analysis and 

design to the implementation phase [20]. The assessment covered 

the game's design and the selection of elements such as videos, 

audio, materials, quizzes, and game levels, involving material 

experts, media experts, and a small-group legibility test. During the 

implementation phase, student responses were used as the basis for 

improvements [21]. 

At this stage, the educational game "Mathematical Adventure" 

for smartphones can be accessed offline. It can be downloaded via 

the QR code in the following image 4. 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure  4. Math Adventure App QR Code. 
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Data description of the answers to the product validity problem 

formulation 

Table 2. Validity Test Results 

 
No Indicator Score 

1.  

The smartphone-based educational game learning 

media "Mathematical Adventure" has content 

quality that is appropriate for MTs grade VIII 

material. 

3 

2.  

The smartphone-based educational game learning 

media “Mathematical Adventure” has complete 

evaluation/practice with discussion. 

4 

3.  

The smartphone-based educational game learning 

media "Mathematical Adventure" uses good and 

correct Indonesian. 

3 

4.  

The storyboard of the smartphone-based 

educational game learning media “Mathematical 

Adventure” is easy to understand. 

3 

Total 13 

Percentage 81,25% 

Category Very Valid 

 

The validation results from the media expert show that the 

smartphone-based educational game "Mathematical Adventure" 

received a feasibility percentage of 81.25%, placing it in the "Very 

Valid" category and making it suitable for use as a learning medium. 

The assessment covered four main indicators: the suitability of the 

content with the curriculum for 8th-grade MTs students, the 

completeness of the evaluations and their discussions, the use of 

proper and correct Indonesian language, and the ease of understanding 

the storyboard. All indicators received high scores, indicating that the 

media substantially and technically meets quality standards [22]. 

 

Table 3. Research results of material expert I 

 
No Indicator Score 

1.  The material and questions for the smartphone-

based educational game learning media 

“Mathematical Adventure” are presented clearly. 

4 

2.  The smartphone-based educational game learning 

media "Mathematical Adventure" uses good and 

correct Indonesian. 

3 
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3.  The smartphone-based educational game learning 

media “Mathematical Adventure” presents the 

material appropriately. 

4 

4.  The outline of the learning media material for the 

smartphone-based educational game 

"Mathematical Adventure" has been presented and 

is in accordance with the textbook. 

4 

Total 15 

Percentage 93,75% 

Category Very Valid 

Next, the assessment of the learning media by Material Expert 1 

shows that the product received a feasibility score of 93.75%. This 

percentage falls into the "Very Valid" category, which means the media 

has met this quality exceptionally well and is suitable for use in the 

learning process. The high scores on every indicator show that the 

material content within the media has been accurately and 

communicatively structured, and is relevant to the needs of the 

students. 

 

Table 4. Assessment from material experts 2 

 
No Indicator Score 

1.  The material and questions for the smartphone-

based educational game learning media 

“Mathematical Adventure” are presented clearly. 

4 

2.  The smartphone-based educational game learning 

media "Mathematical Adventure" uses good and 

correct Indonesian. 

4 

3.  The smartphone-based educational game learning 

media “Mathematical Adventure” presents the 

material appropriately. 

4 

4.  The outline of the learning media material for the 

smartphone-based educational game "Mathematical 

Adventure" has been presented and is in accordance 

with the textbook. 

4 

Total 16 

percentage 100% 

Category Very Valid 

 

The assessment of the "Mathematical Adventure" educational game 

by Material Expert 2 showed very satisfying results, with a score of 
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100%, which falls into the "Very Valid" category. This result indicates 

that the media has met all aspects of material feasibility exceptionally 

well. All indicators received the maximum score, signifying that the 

content is highly suitable and appropriate for use in mathematics 

learning. 

Results of Small Group Test (Readability) and Large Group Test 

(Practicality) 

 

Table 5. Readability Test Results 

 

No Aspect 
Score 5 

Students 

1.  I can understand the game instructions easily. 90% 

2.  The language used in the game is easy to 

understand. 
95% 

3.  The in-game instructions or narrative are not 

confusing. 
85% 

4.  The text displayed is easy to read (font size, 

color, etc.). 
95% 

5.  I can understand the learning flow in the game 

clearly. 
95% 

Average 92% 

Category Very Practical 

 

The legibility test results for the educational game "Mathematical 

Adventure," involving 5 students, showed an average score of 92%, 

falling into the "very practical" category. The assessment was based on 

five aspects: understanding instructions, clarity of language, 

narrative, text readability, and learning flow. The highest score (95%) 

was obtained in the aspects of language clarity, text, and flow, 

indicating that students could follow the game's content well. The 

lowest score (85%) was in the narrative aspect, which still needs minor 

improvements. Overall, the media has met the legibility criteria very 

well. 
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Table 6. Results of practicality test 

 

No Indicator 

Big 

Score 

22 

Students 

1.  

The smartphone-based educational game 

learning media "Mathematical Adventure" has 

an attractive appearance. 

100% 

2.  

The smartphone-based educational game 

learning media “Mathematical Adventure” is 

easy to play. 

98,8% 

3.  

The smartphone-based educational game 

learning media “Mathematical Adventure” 

makes learning varied and fun. 

94,3% 

4.  

The smartphone-based educational game 

learning media "Mathematical Adventure" 

helps students understand the material on 

probability and expected frequency. 

 95,4% 

Average 97,125% 

Category Very Practical 

 

The practicality test results for the educational game 

"Mathematical Adventure" showed a very high level of practicality, with 

an average percentage of 97.125%, which falls into the "very practical" 

category. The assessment by 22 students covered four indicators 

related to the ease of use and appeal of the media. 

The first indicator, visual display, received a score of 100%, 

showing that the media is very appealing. Second, ease of use scored 

98.8%, indicating smooth access and operation. Third, learning variety 

and enjoyment scored 94.3%, proving that the media makes learning 

more diverse. Fourth, the ability to help with understanding probability 

and expected frequency concepts received 95.4%, signifying the media's 

effectiveness in supporting material comprehension. 
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5. CONCLUSION AND SUGGESTIONS 

 
Based on the research and development findings, it can be 

concluded that the smartphone-based educational game, "Mathematical 

Adventure," built on the Scratch platform for the topic of probability, is 

suitable for use, as demonstrated through the ADDIE model of 

development, which included a needs analysis, the design of the 

storyline and visual assets using Canva, product development with 

Scratch, implementation through small- and large-group trials, and 

evaluation at every stage. The media's validity was rated as "very valid" 

by experts, with scores of 81.25% from the media expert, 93.75% from 

material expert 1, and 100% from material expert 2, confirming its 

suitability in terms of content quality, material relevance, presentation, 

and language. Additionally, the legibility test with an average score of 

92% and the practicality test with an average of 97.125% show that the 

game is highly practical, easy to use, visually appealing, and capable of 

making learning more varied and enjoyable for students, although a 

limitation of this study is the lack of an effectiveness test, which future 

research is advised to address by directly evaluating the game's impact 

on student learning outcomes [1], [2], [3], [4], [5], [6], [7], [8]. 
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