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A  B  S  T  R  A  C  T  
 

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. 
 

 

1. Introduction 
 

Rapidly advancing technological innovation has 

penetrated all aspects of life, particularly education. 

The development of Information and 

Communication Technology [1] has impacted 

various areas of life, including learning technology . 

 
 

* Corresponding author. 

E-mail address: soraya29.sd@gmail.com (S Djamilah). 
1 These authors contributed equally to this work. 

 
https://doi.org/10.36269/hjrme. v9i1.3779 

Received 12 November 2025; Received in revised form 09 December 2025; Accepted 20 December 2025 

Available online 5 February 2025 
2723-486X/Published by Universitas Muhammadiyah Lampung. 
 

Contents lists available at Universitas Muhammadiyah Lampung 

 

Hipotenusa Journal of Research Mathematics Education 
 

Journal homepage: https://journal.uml.ac.id/index.php/HT/index 

https://portal.issn.org/resource/ISSN/2723-486X
https://journal.uml.ac.id/index.php/index
https://journal.uml.ac.id/index.php/index


Hatimah et al. 
Hipotenusa Journal of Research Mathematics Education (2026) 01-16 

2 

 

 

 

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]. 

Digital transformation in education has changed 

the role of learning media from merely presenting 

information to facilitating interaction, exploration, 

feedback, and independent learning. In 

mathematics education, digital media can provide 

multiple representations of concepts through text, 

images, animation, simulation, and interactive 

exercises. These features are important because 

mathematical concepts are not always easily 

understood through verbal explanations and static 

examples alone. Technology-based learning media 

can therefore help teachers present abstract 

concepts in a more concrete, visual, and accessible 

form while allowing students to learn according to 

their own pace [2]. 

The use of smartphones as learning devices is 

increasingly relevant because students are generally 

familiar with mobile applications and digital 

entertainment. Smartphones offer portability, 

flexible access, touchscreen interaction, and the 

ability to combine different types of media within a 

single application. These characteristics allow 

learning to take place beyond the physical classroom 

and regular school schedule. Smartphone-based 

learning media can consequently function as 

supplementary resources through which students 

review materials, complete exercises, and 

strengthen their understanding independently. 

Nevertheless, the educational value of smartphones 

depends on the quality of the learning design, the 

relevance of the content, and the ease with which 

students can operate the developed application [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]. 

Probability is one of the mathematical topics 

closely related to situations encountered in everyday 

life, including games, weather forecasting, health 

risks, population data, and decision-making under 

uncertain conditions. Learning probability is 

expected to help students reason about possible 

events, interpret uncertainty, compare outcomes, 

and make conclusions based on available 

information. Therefore, probability education is not 

limited to calculating numerical answers but also 

involves the development of logical reasoning, 

interpretation, and problem-solving skills. 

Despite its importance, probability is frequently 

perceived as difficult because it involves abstract 

terms and relationships, such as sample spaces, 

events, possible outcomes, theoretical probability, 

experimental probability, and expected frequency. 

Students may be able to memorize formulas without 

fully understanding why a particular formula is used 

or how a probability value relates to an actual event. 

Misunderstandings can also occur when students 

have difficulty listing all possible outcomes, 

distinguishing certain and impossible events, or 

relating probability values to repeated experiments 

[5,6]. 

The concept of expected frequency presents an 

additional challenge because students must connect 

probability values with the number of trials 

performed. This process requires students not only 

to use formulas but also to understand the 

proportional relationship between the likelihood of 

an event and the frequency with which that event is 

expected to occur. Conventional explanations using 

textbooks and teacher demonstrations may provide 

limited opportunities for repeated experimentation. 

Consequently, students need interactive learning 

activities that allow them to observe different 

outcomes, answer contextual questions, and receive 

feedback regarding their reasoning. 

Visualization and simulation can support 

probability learning by showing how random events 

occur and how the distribution of outcomes may 

change when an experiment is repeated. Through 
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interactive media, students can explore probability 

situations more actively than when they only read 

explanations or solve written exercises. Digital 

learning media can also present several forms of 

representation simultaneously, such as illustrations, 

numbers, animations, questions, and response 

feedback. Such representations can help students 

connect symbolic calculations with contextual 

meanings and gradually build a more 

comprehensive understanding of probability 

concepts [6].  

Probability is a fundamental component of 

mathematics education because it develops 

students’ ability to interpret uncertainty, evaluate 

possible outcomes, and make decisions based on 

quantitative information. Nevertheless, students 

frequently experience difficulties in identifying 

sample spaces, distinguishing between theoretical 

and experimental probability, and interpreting the 

concept of expected frequency. These difficulties 

may arise because random events are dynamic and 

cannot always be represented adequately through 

static explanations, formulas, or textbook examples. 

Therefore, learning media that enable students to 

observe repeated trials, compare different 

outcomes, and connect numerical results with 

probability concepts are needed to support 

meaningful conceptual understanding [6]. 

Game-based learning offers a relevant approach 

to addressing these challenges because it integrates 

learning objectives with challenges, immediate 

feedback, repetition, rewards, and progressive levels 

of difficulty. These elements can encourage students 

to remain actively involved in the learning process 

and provide opportunities to correct mistakes 

without creating excessive academic pressure. When 

designed in accordance with curriculum objectives, 

educational games are not merely sources of 

entertainment but can also function as interactive 

environments for concept reinforcement, problem-

solving practice, and independent learning [8,9]. 

Consequently, the integration of game elements into 

probability learning may help transform abstract 

concepts into more concrete and engaging learning 

experiences. 

Scratch is particularly suitable for developing 

such learning media because its block-based visual 

programming environment allows developers to 

integrate text, animation, sound, characters, scoring 

systems, and interactive feedback without requiring 

complex programming syntax. In probability 

learning, these features can be utilized to visualize 

random events, present contextual problems, 

simulate repeated experiments, and provide 

immediate responses to students’ answers. Previous 

studies have demonstrated that Scratch can support 

interactive mathematics learning and probability 

instruction. However, many existing Scratch-based 

products remain primarily designed for computer-

based use and have not fully addressed flexible 

access through smartphone devices [11,12]. 

During the School Field Practice at MTs 

Muhammadiyah 3 Al-Furqan, researchers observed 

that many students preferred learning 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. 

The restriction on smartphone use during school 

hours indicates that the implementation of mobile 

learning should consider the regulations and 

learning context of the school. In this situation, 

smartphone-based media can be positioned as a 

supplementary learning resource rather than as a 

replacement for classroom instruction. The 

developed game may be introduced and explained 

by the teacher at school, while students can access it 

outside school hours to review the material and 

complete additional exercises. This approach allows 

technology to extend the duration and location of 

learning without conflicting with school policies. 

Independent learning through smartphones may 

also provide students with greater control over the 

learning process. Students can repeat materials, 

replay specific levels, and attempt questions several 

times according to their individual needs. This 

flexibility is particularly valuable when students 

have different levels of initial understanding. 

Students who require additional explanation can 

spend more time reviewing the content, whereas 

students who understand the material more quickly 

can proceed to subsequent challenges. Therefore, 

smartphone-based educational games have the 

potential to support differentiated and self-paced 

learning. 

One approach that can accommodate these 

learning needs is game-based learning. Educational 

games combine instructional content with game 

components such as objectives, challenges, rules, 

levels, scores, rewards, characters, and immediate 

feedback. The combination of these components can 

create an environment in which students participate 

in learning activities while experiencing the 

enjoyment associated with playing a game. Game-

based learning may therefore reduce monotony and 

encourage students to devote more attention to 

learning tasks [9]. 

Immediate feedback is an important element of 

educational games because it informs students 
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whether their answers or actions are appropriate. 

When students make an error, feedback can 

encourage them to reconsider their reasoning and 

attempt the problem again. Repetition in a game 

environment may feel less burdensome than 

repetition through conventional worksheets because 

it is integrated into challenges and progression 

between levels. In this way, educational games can 

provide opportunities for practice, error correction, 

and conceptual reinforcement within an engaging 

learning experience. 

However, the inclusion of game elements does not 

automatically guarantee meaningful learning. An 

educational game should be designed by aligning the 

storyline, challenges, questions, feedback, and 

rewards with clearly defined learning objectives. 

Excessive visual or entertainment features may 

distract students when they are not directly 

connected to the material. Therefore, the 

development of an educational game requires a 

balance between attractiveness, ease of use, 

technical functionality, and the accuracy of the 

instructional content. In the present study, game 

components were designed to support students’ 

engagement with probability and expected-

frequency problems rather than functioning solely 

as entertainment. 

From a pedagogical perspective, restrictions on 

smartphone use during regular classroom activities 

do not necessarily eliminate the potential value of 

mobile learning. Instead, such restrictions shift the 

role of smartphone-based educational games toward 

supplementary learning outside formal classroom 

hours. Students can use the developed media to 

review learning materials, practice probability 

problems, and receive immediate feedback 

independently at home. Thus, the smartphone-

based format in this study is not intended to replace 

teacher-led instruction but to extend learning 

opportunities beyond the classroom and provide 

students with more flexible access to mathematics 

learning resources [4,8]. 

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. 

Scratch was selected as the development platform 

because it provides a visual block-based 

programming environment that enables the creation 

of interactive digital products without requiring 

complicated programming syntax. Through Scratch, 

developers can organize the movement of 

characters, display learning materials, create 

navigation systems, provide scores, arrange 

questions, and generate feedback based on students’ 

responses. Its visual programming structure also 

allows each command to be examined and revised 

more easily during the development and evaluation 

process. 

In mathematics education, Scratch can facilitate 

learning activities that involve visualization, 

sequencing, logical reasoning, and interaction. The 

platform allows mathematical content to be 

embedded within stories, simulations, animations, 

and problem-solving activities. For probability 

material, these capabilities can be used to present 

possible events, contextual questions, repeated 

challenges, and expected-frequency calculations in a 

more dynamic form. Students are not only presented 

with formulas but are also guided through situations 

in which probability concepts are applied. 

Previous studies have demonstrated the potential 

of Scratch for developing interactive mathematics 

learning media [11,12]. Nevertheless, the practical 

implementation of Scratch-based products may 

differ according to the topic, device, student 

characteristics, and design of the learning activities. 

Some products are developed primarily for 

computers and require access to school laboratories, 

which may limit their use outside formal learning 

sessions. Developing a Scratch-based game that can 

be accessed through smartphones can therefore 

expand the flexibility of its use and provide students 

with additional opportunities to learn 

independently. 

Furthermore, many educational media 

development studies emphasize expert validity but 

provide limited evidence concerning how students 

perceive the readability and practicality of the final 

product. A technically functional application may 

still be difficult to use when its instructions, 

navigation, text, or learning sequence are unclear. 

Therefore, student involvement through readability 

and practicality testing is necessary to determine 

whether the developed media can be understood and 

operated by its intended users. This consideration 

underlies the inclusion of small-group and larger-
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group trials in the present study. 

Based on these considerations, there is a need for 

educational media that combines relevant 

probability content, an engaging game structure, 

smartphone accessibility, clear instructions, and 

interactive feedback. The development of 

“Mathematical Adventure” was intended to address 

this need by presenting probability and expected-

frequency materials through an adventure-based 

educational game created with Scratch. The product 

was developed systematically using the ADDIE 

model and evaluated in terms of expert validity, 

student readability, and practicality. 

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 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. Method 
 

2.1. Research design 
 

This study employed a Research and Development (R&D) 

method using the ADDIE model, which consists of five 

stages: Analysis, Design, Development, Implementation, 

and Evaluation. The objective of the study was to develop 

a smartphone-based educational game, Mathematical 

Adventure, and to examine its validity and practicality in 

mathematics learning, particularly on probability and 

expected frequency topics. 

 

2.2.Research Setting and Participants 

 
The research was conducted at MTs Muhammadiyah 3 

Al-Furqan, located at Jalan Cemara Ujung, North 
Banjarmasin, Banjarmasin City, South Kalimantan, from 

January to May 2025. 
The participants consisted of students and expert 

validators. Student participants were divided into two 
groups: 

1. Small-scale trial: 5 students from class IX B (for 
readability testing). 

2. Large-scale trial: 22 students from class VIII C (for 
practicality testing). 

Expert validators included: 
1. One media expert, who assessed media design and 

technical aspects. 
2. Two material experts, who assessed the relevance 

and quality of the learning content. 
 

2.3. Development Procedure (ADDIE Stages) 

 
The development process followed the ADDIE 

stages as described below: 
1. Analysis 

A needs analysis was conducted with 22 
students to identify preferences for educational 
game features, including theme, feedback, level 
options, visual design, and technical 
accessibility (online/offline access, file size, and 
touchscreen control). 

2. Design 
At this stage, the game concept, storyboard, 
interface layout, and learning flow were 
designed. Visual assets such as menus, 
characters, backgrounds, navigation buttons, 
and score icons were created using Canva. 

3. Development 
All designed assets were exported from Canva 
and integrated into Scratch as sprites and 
backdrops. Visual block coding was then 
developed to enable interactivity, navigation, 
and gameplay flow according to the storyboard. 
The product was subsequently validated by one 
media expert and two material experts. 

4. Implementation 
The media was tested in two stages: (a) a small-
scale readability test involving 5 students, and 
(b) a large-scale practicality test involving 22 
students to assess usability and learning 
support. 

5. Evaluation 
Formative evaluation was conducted 
throughout all stages. Revisions were made 
based on expert suggestions and student 
responses to improve language clarity, learning 
flow, media presentation, and technical 
functionality. 
 

2.4. Instruments and Data Collection 
 

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 
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scores into percentages using the formula: 

The assessed aspects included: 

 Media validation: content quality, 
evaluation/exercises, language, and storyboard clarity. 

 Material validation: display, language, material 
presentation, and textbook suitability. 

 Student response (practicality/readability): clarity of 
instructions, readability, ease of use, attractiveness, 
and contribution to concept understanding. 

 

2.5. Data Analysis 
 
Data were analyzed using descriptive quantitative 

analysis by converting scores into percentages with the 
formula 

𝑃 =  
∑ 𝑋

𝑁
× 100% 

Information : 
 𝑃 = 𝑉𝑎𝑙𝑖𝑑𝑖𝑡𝑦 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 
 ∑ 𝑋 =  𝑇𝑜𝑡𝑎𝑙 𝑠𝑐𝑜𝑟𝑒 𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑 
 𝑁 = 𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑠𝑐𝑜𝑟𝑒 [14] 
 

The percentage results were interpreted using the 
following criteria 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 

 
3.1. 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 well as ease of access 

and use, so that the resulting media provides an 

optimal learning experience [17]. 

The findings of the needs analysis also indicate 
that the development of the educational game was 

based on the characteristics and actual preferences 

of its intended users rather than solely on the 

researchers’ assumptions. Students’ preference for 

adventure themes, interactive animations, 

immediate feedback, and different levels of difficulty 

suggests that learning media should combine 

pedagogical content with game elements that 

sustain attention and encourage active 

participation. Immediate feedback is particularly 

important in probability learning because it allows 

students to identify errors, reconsider their 

reasoning, and strengthen their understanding 

through repeated practice. Therefore, the needs-

analysis results became an important foundation for 

determining the game structure, visual design, 

navigation system, and types of learning activities 

included in “Mathematical Adventure.” 

The students’ preference for media that can be 
accessed through Android-based devices also 

reflects the importance of technological accessibility 

in the development of digital learning resources. A 

learning medium may contain appropriate materials 

and attractive visual elements, but its educational 

value can be reduced when students experience 

difficulties accessing or operating it. For this reason, 

considerations such as file size, touchscreen 

compatibility, simple navigation, and offline 

accessibility were incorporated into the product 

design. These features are expected to support more 

flexible learning, particularly when students use the 

game independently outside regular classroom 

hours. 

The correspondence between the findings of the 

needs analysis and the features incorporated into 

the final product demonstrates the application of a 

user-centered development approach. Students’ 

preferences for an adventure theme, immediate 

feedback, interactive animation, repeated practice, 

and multiple difficulty levels were translated into 

specific design decisions within the game. This 

alignment is important because educational media 

are more likely to be accepted when their 

presentation and operation correspond to the 

characteristics of their intended users. At the same 

time, the inclusion of student preferences should 

remain subordinate to the learning objectives so that 

the game does not become visually attractive but 

pedagogically superficial. 

The adventure theme was selected not only to 
attract students’ attention but also to provide a 

structured sequence for presenting the learning 

activities. Each stage of an adventure can represent 

progress from introductory concepts to more 

complex probability and expected-frequency 

problems. Such sequencing may help students 

perceive learning as a gradual process rather than as 
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a collection of unrelated questions. The use of levels 

may also provide a sense of progress and 

achievement, which can encourage students to 

complete subsequent tasks. Nevertheless, the 

difficulty of each level should be calibrated carefully 

so that students experience appropriate challenges 

without becoming frustrated or completing the 

activities without meaningful cognitive engagement. 

The students’ preference for immediate feedback 

is particularly relevant to the characteristics of 

probability learning. Students may arrive at 

incorrect answers because they misunderstand the 

sample space, omit possible outcomes, or apply 

formulas without interpreting the problem context. 

Immediate feedback can alert students to these 

errors before misconceptions are reinforced through 

repeated practice. However, feedback should ideally 

explain why an answer is correct or incorrect instead 

of merely displaying a score. Explanatory feedback 

can direct students to reconsider their reasoning 

and connect the numerical answer with the 

underlying probability concept. 

The need for both online and offline access also 
reflects the diversity of students’ technological 

conditions. Offline functionality allows the game to 

be used without continuous internet connectivity 

and can reduce potential interruptions during 

independent learning. This feature is particularly 

relevant when the product is intended for use 

outside classroom hours. Nevertheless, future 

implementation should examine whether the 

application performs consistently across different 

smartphone specifications, screen sizes, storage 

capacities, and operating-system versions. 

Technical accessibility should therefore be 

evaluated as an ongoing component of product 

quality rather than as a feature confirmed only 

during the initial trial. 

The needs-analysis findings further suggest that 

students expect educational media to combine 

attractiveness with usability. Attractive visuals may 

encourage initial engagement, but clear navigation 

and relevant learning content determine whether 

students can continue using the application 

effectively. Therefore, the development process 

required a balance between visual complexity and 

functional simplicity. Excessive animation, text, or 

decorative elements could increase cognitive 

demands and distract students from the 

mathematical content, especially when the game is 

displayed on a relatively small smartphone screen. 

 

3.2. 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 Fig. 1. 

 

 
 

3.4 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 

Fig. 2.  

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 Fig. 3. 

f) Media Expert to assess the design, technical, and 

interactivity aspects of the media. 

g) Material Expert to assess the suitability of the 

content with the curriculum and the students' level 

Fig. 1. Design View in Canva. 
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of understanding. 

 

 
    Fig. 2. Development Process View 

 

 

 
  Fig.  3. Visual Scratch Programming Blocks View 

 

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. 

The integration of Canva and Scratch provided 

complementary functions during the development 

process. Canva was used to create consistent and visually 

attractive graphic assets, whereas Scratch was used to 

organize the interaction between characters, learning 

materials, questions, scores, and navigation buttons. This 

combination enabled the researchers to transform the 

storyboard into an operational educational game without 

relying on complex text-based programming. The use of 

visual block programming also facilitated revisions 

because individual commands and interactions could be 

identified and modified directly during formative 

evaluation. 

From an instructional perspective, the visual and 

interactive design of the game was intended to reduce the 

abstract nature of probability material. The adventure 

storyline, animated characters, sequential levels, and 

practice questions provided a contextual framework 

through which students could engage with probability 

concepts. Nevertheless, the visual attractiveness of the 

media was not treated as an independent objective. Each 

visual and interactive element was designed to support 

the presentation of materials, guide students through the 

learning sequence, and provide feedback on their 

responses. Thus, the development process sought to 

maintain a balance between entertainment elements and 

the intended mathematics learning outcomes. 

 

3.5 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]. 

 

 

3.6 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]. 

The formative evaluation conducted throughout the 

ADDIE stages enabled the product to be improved 

progressively rather than only after the development 

process had been completed. Feedback obtained during 

the analysis stage influenced the selection of the 

adventure theme, touchscreen controls, feedback 

mechanisms, and accessibility options. During the design 

and development stages, the evaluation focused on the 

consistency of the storyline, the clarity of navigation, the 

suitability of visual elements, and the relationship 

between the game activities and the intended probability-

learning objectives. This iterative process helped ensure 

that technical improvements remained connected to the 

pedagogical purpose of the educational game. 

The results also demonstrate the importance of 

maintaining alignment among learning objectives, 

instructional content, game activities, and assessment 

questions. In “Mathematical Adventure,” the storyline 

and game levels were not designed as separate decorative 

elements but as structures that guided students through 

the material and practice activities. The questions, 

feedback, and scoring system were incorporated into the 

gameplay to encourage students to engage continuously 

with probability and expected-frequency concepts. This 

alignment is important because educational games may 

lose their instructional function when entertainment 

components dominate the intended learning activities. 

The availability of the game in an offline format is 

another relevant outcome of the development process. 

Offline accessibility may reduce students’ dependence on 

continuous internet connections and allow the product to 

be used in learning environments with varying levels of 
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digital infrastructure. It also supports more flexible use 

outside school hours, particularly because smartphone 

use is restricted during regular learning activities at the 

research site. However, offline accessibility alone does 

not guarantee successful implementation. Device 

compatibility, storage capacity, operating-system 

differences, and students’ ability to install and operate the 

application should also be considered in future product 
testing. 

From a development perspective, the use of Canva and 

Scratch provided an accessible combination for 

producing visual and interactive learning media. Canva 

facilitated the preparation of consistent graphic assets, 

while Scratch enabled the researchers to organize 

navigation, animation, scoring, feedback, and question 

sequences through block-based programming. This 

development process indicates that teachers and 

educational researchers with limited experience in 

conventional programming may still be able to produce 

interactive learning resources. Nevertheless, sufficient 

attention must be given to instructional design so that the 

ease of using the development platform does not reduce 

the accuracy, coherence, or depth of the mathematical 

content. 

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 Fig. 

4. Data description of the answers to the product validity 

problem formulation. 

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 1 

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 

3 

correct Indonesian. 

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 

 

 

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. 
 

 
Fig  4. Math Adventure App QR Code 
 

The assessment of the "Mathematical Adventure" 

educational game by Material Expert 2 showed very 

satisfying results, with a score of 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. 

 

Table 2 

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 

3.  The smartphone-based 
educational game learning media 

4 
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“Mathematical Adventure” 
presents the material 

appropriately. 
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 

 

When the assessments of the three validators are 

considered collectively, the findings demonstrate that the 

developed media fulfilled both technical and instructional 

feasibility criteria. The media expert score of 81.25% 

indicates that the product was already highly valid, 

although some aspects, particularly language accuracy, 

content presentation, and storyboard clarity, could still 

be refined. Meanwhile, the material expert scores of 

93.75% and 100% indicate strong agreement regarding 

the clarity, relevance, and curriculum suitability of the 

probability content. The difference between the media 

expert score and the material expert scores suggests that 

further development should focus primarily on 

improving presentation and technical communication 

rather than substantially revising the mathematical 

content. 
 

Table 3 

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 

 

Expert validation is an essential stage in educational 

media development because a product should not be 

tested with students before its content and technical 

components have been examined. The high validation 

results suggest that “Mathematical Adventure” contains 

appropriate probability materials, understandable 

language, relevant exercises, and a logical learning 

sequence. These findings are consistent with previous 

studies reporting that Scratch can be used to develop 

valid interactive mathematics learning media [11,12]. 

However, the present study extends those findings by 

adapting the Scratch-based product for smartphone 

access and by incorporating an adventure-based storyline 

specifically for probability and expected-frequency 

material. 

The three validation results provide complementary 

evidence regarding the feasibility of the developed 

product. The media expert focused primarily on technical 
presentation, language, content organization, and 

storyboard clarity, whereas the two material experts 

assessed the accuracy, relevance, presentation, and 

curriculum suitability of the probability content. The 

scores of 81.25%, 93.75%, and 100% demonstrate that all 

validators categorized the product as very valid, although 

their assessments differed in magnitude. This difference 

is reasonable because each validator examined the 

product from a different area of expertise. 

The comparatively lower score provided by the media 

expert indicates that the technical and communicative 

dimensions of the product offered more room for 

refinement than its mathematical content. In particular, 

the scores presented in Table 2 suggest that content 

quality, language use, and storyboard clarity did not 

receive the maximum value. These aspects are important 

because students’ interaction with digital learning media 

depends not only on the correctness of the material but 

also on whether the instructions, navigation, and 

sequence of activities can be understood easily. Minor 

improvements in wording, visual consistency, and 

transitions between game sections may therefore further 

strengthen the overall quality of the product. 

In contrast, the high scores from the material experts 

indicate strong agreement that the content and exercises 

were appropriate for Grade VIII students and consistent 

with the relevant mathematics materials. The result from 

Material Expert 1, however, shows that language 

remained an aspect requiring minor improvement. The 

difference between the language assessments of the two 

material experts suggests that language clarity may be 

interpreted differently depending on the validator’s 

expectations and experience. Therefore, the final revision 

should not rely only on the numerical average but should 

also consider the specific qualitative comments provided 

by each validator. 

The convergence of the validation results supports the 

conclusion that the product was sufficiently feasible to 

proceed to student testing. Expert validation reduced the 

possibility that students would encounter substantial 

conceptual errors, inappropriate questions, or major 

technical obstacles during the trials. It also provided 

evidence that the educational game had achieved an 

acceptable balance among content accuracy, visual 

presentation, interaction, and curriculum relevance. 

These findings are consistent with previous research 

demonstrating that Scratch can be used to produce valid 

interactive mathematics learning media [11,12]. The 

present product, however, adds an adventure-based 

structure and smartphone-oriented access to support 

learning outside conventional computer laboratories. 

This distinction is important because the usability of 
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digital media is influenced not only by its content but also 

by the device through which students access it. By 

adapting the game for smartphone use, the study 

attempts to expand the flexibility and potential reach of 

Scratch-based probability learning. 

The differences among the three validation scores 

should be interpreted according to the aspects evaluated 

by each expert rather than combined into a single 
average. The media expert evaluated technical 

presentation, language, content organization, and 

storyboard clarity, whereas the material experts focused 

more strongly on mathematical accuracy, curriculum 

relevance, and the suitability of the exercises. Therefore, 

the score of 81.25% from the media expert does not 

necessarily contradict the scores of 93.75% and 100% 

from the material experts. Instead, it indicates that the 

mathematical content was evaluated more positively than 

several aspects of media presentation. 

The pattern of scores provides useful information for 

determining revision priorities. The non-maximum 

scores for language, content presentation, and storyboard 

clarity indicate that improvements were still possible 

even though the product had entered the “very valid” 

category. For example, lengthy instructions could be 

simplified, navigation labels could be made more 

consistent, and transitions between the storyline, 

learning material, and practice questions could be 

clarified. These revisions are important because 

technically minor weaknesses may influence how 

independently students can use the game. 

The maximum score provided by Material Expert 2 

indicates that the validator considered the material, 

questions, language, presentation, and consistency with 

the textbook to be fully appropriate. However, a perfect 

validation score should be interpreted cautiously. It 

represents the judgment of one expert based on the 

assessment instrument used and should not be 

understood as evidence that the content cannot be 

improved further. Validation remains a formative 

process, and additional review by other mathematics 

educators may identify different strengths or limitations. 

The use of only three validators also needs to be 

considered when interpreting the findings. Their 

assessments provide important evidence of initial 

feasibility, but they may not represent the full range of 

perspectives among mathematics teachers, instructional-

media specialists, curriculum experts, and educational-

technology practitioners. Future product development 

may involve a larger and more diverse panel of experts. 

Inter-rater agreement could also be examined to 

determine the consistency of expert judgments across 

different assessment dimensions. 

Another methodological consideration is that 

percentage categories may conceal variations among 

individual indicators. Two products may obtain similar 

overall percentages while having different strengths and 

weaknesses. For this reason, the interpretation of 

validation results should consider both the total score and 

the score for each indicator. In the present study, 

indicator-level analysis revealed that language and 

storyboard clarity required more attention than the 

mathematical suitability of the material. This information 

is more useful for product revision than the overall 

category alone. 

The expert-validation results also demonstrate that 

media quality and content quality are interdependent. 

Accurate probability material may not be learned 

effectively when instructions, visual organization, or 
navigation are unclear. Conversely, an attractive and 

technically functional game cannot be considered 

educationally appropriate when its mathematical content 

contains errors or is inconsistent with the curriculum. 

The high assessments from both media and material 

experts indicate that “Mathematical Adventure” achieved 

an acceptable integration of these two dimensions. 

These findings reinforce previous research showing 

that Scratch can support the development of valid 

interactive mathematics media [11,12]. However, the 

current study differs by combining probability and 

expected-frequency content with an adventure-based 

structure and smartphone-oriented access. The 

contribution of the product therefore lies not merely in 

using Scratch as a development tool but in adapting its 

visual programming functions to the learning 

characteristics, technological conditions, and 

independent-learning needs of the students. 

 

3.7 Results of Small Group Test (Readability) and 

Large Group Test (Practicality) 

 

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. 

 

Table 4 

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 readability score of 92% indicates that students 
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were generally able to understand the instructions, 

language, text display, and learning flow presented in the 

game. This result is important because readability in 

digital learning media involves more than the linguistic 

simplicity of the materials. It also includes the visibility of 

text, consistency of navigation, clarity of commands, and 

students’ ability to understand the relationship between 

the storyline and the learning activities. When these 
components are clear, students can focus more effectively 

on solving probability problems rather than spending 

excessive cognitive effort understanding how to operate 

the application. 

 

Table 5 

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 

 

Although the overall readability result was categorized 

as very practical, the narrative indicator received the 

lowest score of 85%. This finding suggests that some parts 

of the storyline or game instructions may still require 

minor improvement. The narrative should be concise, 

directly connected to the learning objectives, and 

presented in language appropriate to the students’ level. 

Consequently, revisions to the narrative may include 

shortening lengthy instructions, using more familiar 

vocabulary, and separating procedural directions from 

mathematical explanations. Such revisions could further 

improve students’ ability to follow the game 

independently. 

The results of the readability and practicality tests 

complement the expert-validation findings by providing 

evidence from the perspective of the intended users. 

Expert assessments can determine whether the media is 

technically and academically appropriate, but students’ 

responses are necessary to identify whether the product 

is understandable, attractive, and manageable in actual 

use. The readability score of 92% and practicality score of 

97.125% therefore indicate that the product was positively 

evaluated both by experts and by students. 

The readability results show that the clarity of 

language, text visibility, game instructions, and learning 

sequence was generally strong. Three indicators—

language clarity, text readability, and learning-flow 

clarity—received scores of 95%. These results suggest that 

the students could understand most of the information 
presented and follow the progression of the game with 

limited difficulty. Clear navigation and readable text are 

particularly important in smartphone-based learning 

because the smaller screen size may create additional 

challenges in presenting instructions and mathematical 

symbols. 

The lowest readability score was recorded for the 

clarity of the in-game narrative, at 85%. Although this 

score remains within the very practical category, it reveals 

a specific area that should receive attention. Some 

students may have experienced difficulty distinguishing 

narrative information from instructions or mathematical 

explanations. The storyline may therefore be improved by 

reducing unnecessary text, dividing longer instructions 

into shorter steps, and using consistent visual markers to 

differentiate dialogue, directions, learning content, and 

feedback. Improving this aspect may help students 

concentrate more effectively on the mathematical tasks. 

The practicality-test results demonstrate that visual 

appearance was the strongest component of the product, 

receiving a score of 100%. This result indicates that the 

characters, backgrounds, menus, icons, and overall 

adventure theme successfully attracted students’ 

attention. Visual attractiveness may support initial 

engagement, but it should remain connected to the 

learning purpose. In this game, visual elements can 

function as cues that guide navigation, indicate changes 

between levels, and distinguish learning materials from 

exercises. 

 

Ease of use received a score of 98.8%, showing that 

most students could operate the game and understand its 

controls without substantial assistance. This finding is 

particularly relevant for independent learning because a 

supplementary application should not require continuous 

teacher guidance. Simple navigation, touchscreen-

compatible controls, and clearly labeled buttons may have 

contributed to this positive assessment. However, the 

study did not report detailed information about 

operating-system versions, screen sizes, installation 

problems, or device performance. Future trials should 

therefore include a technical-compatibility analysis 

across a broader range of smartphones. 

The indicator concerning varied and enjoyable 

learning obtained a score of 94.3%, which was the lowest 

among the four practicality indicators. Although this 

score is still very high, the difference suggests that visual 

attractiveness and ease of use were evaluated slightly 

more positively than the enjoyment and variety of the 

learning experience. This may indicate a need for a wider 

range of question formats, challenges, feedback 

messages, or difficulty levels. Repetition of similar 
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activities may reduce students’ interest when the game is 

used over a longer period. Future development could 

incorporate randomized questions, branching challenges, 

additional levels, achievement badges, or different forms 

of probability experiments to maintain engagement. 

The score of 95.4% for support of probability and 

expected-frequency understanding indicates that 

students perceived the game as helpful for learning the 
material. The interactive exercises and immediate 

feedback may have allowed students to connect 

probability calculations with the situations presented in 

the game. Nevertheless, this finding represents students’ 

perceptions rather than an objective measurement of 

conceptual improvement. Students may feel that a game 

is helpful or enjoyable even when changes in learning 

achievement have not been measured directly. 

Taken together, the results indicate that the product 

satisfied three important development criteria: validity, 

readability, and practicality. The expert-validation scores 

demonstrate that the game was appropriate in terms of 

content and media design; the readability test indicates 

that students could understand its instructions and 

presentation; and the practicality test shows that students 

found it attractive, easy to use, and supportive of learning. 

The consistency among these results strengthens the 

argument that “Mathematical Adventure” is suitable as a 

supplementary learning medium. 

The findings also have practical implications for 

mathematics teachers. The game may be used to 

introduce probability contexts, provide additional 

practice, support homework activities, or facilitate 

independent review outside the classroom. Teachers can 

use students’ experiences in the game as a starting point 

for classroom discussions about sample spaces, 

probability values, experimental outcomes, and expected 

frequency. However, the game should complement rather 

than replace teacher explanations, collaborative 

discussion, and structured mathematical reasoning. 

Several limitations should be considered when 

interpreting these findings. First, the student trials 

involved only 27 participants from one school, consisting 

of five students in the small-group test and 22 students in 

the larger-group test. The findings may therefore reflect 

the characteristics, technological familiarity, and learning 

environment of this particular group. Second, the study 

relied primarily on questionnaire-based responses, which 

may be influenced by students’ enthusiasm for new 

technology or their desire to provide positive responses. 

Third, the study did not report observational data, 

interviews, gameplay records, completion times, or error 

patterns that could provide deeper information about 

students’ actual interactions with the media. 

Most importantly, the study did not conduct an 

effectiveness test. No pretest, posttest, control group, or 

inferential statistical analysis was used to determine 

whether the game improved students’ probability 

achievement. Consequently, the findings should not be 

interpreted as evidence of causal improvement in 

learning outcomes. They demonstrate that the game is 

feasible and positively received, but its educational 

effectiveness remains an open question. 

Future research should involve larger and more 

diverse samples, including students from different 

schools, achievement levels, and technological 

backgrounds. An experimental or quasi-experimental 

design could compare students who use “Mathematical 

Adventure” with those who receive conventional 

instruction or use alternative digital media. Future 
studies should also examine learning motivation, 

conceptual understanding, retention, cognitive load, and 

students’ patterns of interaction with the game. Collecting 

log data, such as the number of attempts, time spent at 

each level, and frequently incorrect responses, could 

provide valuable evidence for improving both the game 

design and the instructional content. 

 

4. Conclusion 

 
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. 

These findings indicate that the “Mathematical 

Adventure” educational game has the potential to 

serve as a supplementary learning medium for 

probability and expected-frequency topics. Its 

smartphone-based format provides students with 

flexible access to learning materials and practice 

activities outside regular classroom hours, while its 

adventure storyline, visual elements, interactive 

exercises, and immediate feedback contribute to a 

more engaging learning experience. The positive 

responses from experts and students also 

demonstrate that the integration of Scratch and 

Canva can support the development of accessible, 

attractive, and curriculum-relevant mathematics 

learning media. 

However, the conclusions of this study are limited 

to the validity, readability, and practicality of the 

developed product. The study did not directly 
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measure changes in students’ conceptual 

understanding, learning achievement, motivation, 

or long-term retention. Furthermore, the trial 

involved a relatively small number of participants 

from a single school. Future research should 

therefore evaluate the effectiveness of the game 

using larger and more diverse samples, pretest–

posttest measurements, and experimental or quasi-
experimental designs. Further development may 

also include additional probability topics, adaptive 

difficulty levels, learning-progress records, and 

improved offline functionality to strengthen the 

game’s usefulness for independent and classroom-

supported mathematics learning. 

Overall, this study contributes to the development 

of digital mathematics learning media by 

demonstrating how visual programming, game-

based learning, and mobile accessibility can be 

integrated into a single educational product. The use 

of the ADDIE model ensured that the development 

of “Mathematical Adventure” was based on 

students’ needs, systematically designed, validated 

by experts, and evaluated by its intended users. The 

consistently high results across the validation, 

readability, and practicality assessments indicate 

that the product achieved an appropriate balance 

among mathematical content, visual presentation, 

technical operation, and user experience. 

The findings also show that student involvement 

is essential in the development of educational 

technology. Expert validation confirmed the 

accuracy and appropriateness of the content, 

whereas student testing revealed how the game was 

perceived in terms of clarity, attractiveness, ease of 

use, and learning support. The combination of these 

perspectives provided a more comprehensive 

evaluation of the product than relying exclusively on 

expert judgment. In particular, the lower score for 

narrative clarity compared with the other readability 

indicators demonstrates that even a highly rated 

product may still contain specific components that 

require further refinement. 

From a practical perspective, “Mathematical 

Adventure” can be used by teachers as an 

enrichment activity, an independent practice 

resource, or a supplementary medium for reviewing 

probability and expected-frequency concepts. Its 

offline and smartphone-oriented design may allow 

students to access the material more flexibly, 

particularly outside regular classroom hours. 

Teachers may also integrate the game with 

classroom discussions, written exercises, and 

reflective activities so that the interactive experience 

is followed by more formal mathematical 

explanation and reasoning. 

The development process further indicates that 

Scratch can be utilized not only as a tool for teaching 

programming but also as a platform for producing 

interactive mathematics learning media. Its block-

based programming structure enables learning 

materials, animations, questions, scores, and 

feedback to be organized without requiring 

advanced text-based coding skills. This feature may 

encourage teachers and prospective teachers to 

develop contextual digital learning resources that 

are adapted to the needs of their own students. 

Nevertheless, appropriate instructional planning 

and content validation remain necessary to ensure 
that technological and entertainment features 

support rather than distract from the intended 

learning objectives. 

Although the developed game received highly 

positive evaluations, broader implementation 

should be undertaken cautiously. Differences in 

smartphone specifications, students’ digital literacy, 

school regulations, internet availability, and teacher 

readiness may influence how the product is used in 

other educational settings. Further testing should 

therefore examine the stability, compatibility, and 

usability of the application across different devices 

and student populations. Feedback from 

mathematics teachers should also be included to 

assess the feasibility of integrating the game into 

lesson plans and classroom assessment practices. 

In conclusion, “Mathematical Adventure” 

represents a feasible and promising form of 

supplementary digital media for probability 

learning. The study provides a foundation for 

subsequent research aimed at moving beyond 

product feasibility toward evidence of instructional 

effectiveness. By combining technological 

development with stronger experimental evaluation, 

future research can determine whether the game 

produces significant and sustained improvements in 

students’ conceptual understanding, problem-

solving ability, motivation, and learning 

achievement. 
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