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Abstract 

Numerous studies have shown that students face difficulties in learning probability. This study aimed to enhance 

students’ understanding of the concept of probability while developing their reasoning skills by integrating 

comics into student worksheets. It focused on designing probability material for grade 10 using the student 

worksheets and microlearning (comics) that were both effective and efficient. The material was developed using 

Pendidikan Matematika Realistik Indonesia (PMRI) approach, incorporating a microlearning method within the 
context of culinary tourism, to enhance students’ understanding of probability and reasoning skills. This study 

employed a design research methodology in two stages, namely preliminary study and formative evaluation. The 

subjects of this study were 34 students of grade tenth at Senior High School in Prabumulih. Data collected 

through observations, tests, and interviews were analyzed descriptively. The study resulted the student 

worksheets on probability, which were incorporated with microlearning comics whose effectiveness and 

efficiency were aligned with the characteristics of the PMRI approach. Based on the findings, it can be concluded 

that the PMRI-based student worksheets that were incorporated with microlearning comics were efficient and 

effective in helping students develop their reasoning skills. The integration of comics and the PMRI approach 

reflects a commitment to innovation and the continuous development of effective learning designs that promote 

inclusive, equitable, and meaningful learning experiences. 
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INTRODUCTION 

Probability is a mathematical concept concerning the likelihood of an event occurring and serving  

as a tool for making predictions or decisions (Groove, 2018). It is also recognized as a mathematical 

discipline focused on determining the chances of specific random events taking place (Greenwood et 

al., 2011). It serves as the basis for predicting how likely something is to happen. A good understanding 

of probability allows students to identify events that arise from a random experiment. To learn 

probability, it is essential that students develop reasoning skills.  

However, while probability forms a fundamental part of mathematical thinking, its abstract nature 

poses learning challenges for many students. Despite its importance and wide application, mastering 

probability is not without challenges. Many students find the topic difficult due to its abstract nature 

and the reasoning it requires. This difficulty is reflected in several studies that highlight the persistent 

problems students encounter when learning probability. Armiati et al. (2022) highlighted that students 

often struggle because they rely on memorized formulas and follow predetermined solution patterns 

provided by the teacher without fully grasping the underlying concepts. Arican & Kuzu (2019) 

identified common mistakes in probability learning, particularly in distinguishing between independent 

and dependent events and in calculating their probabilities. In line with this, Astuti et al. (2020), pointed 
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out that misconceptions in solving probability problems frequently involve misinterpretations of 

questions. These errors often stem from a lack of conceptual understanding of probability, with students 

mainly making theoretical mistakes while having limited awareness of interpretation errors (Álvarez et 

al., 2024).  

In response to these persistent learning difficulties, it becomes increasingly important to shift the 

focus from procedural to conceptual learning in probability. One key aspect of this shift is helping 

students strengthen their reasoning abilities, which play a crucial role in interpreting and solving 

probability problems. To determine the sample space of an experiment, students must rely on their 

reasoning skills rather than memorized formulas. Students need to estimate the probability of an event. 

As stated by Sharna et al. (2021), every event always involves an assessment of how likely it is to occur, 

or perhaps not to occur. Thus, teachers should support students in understanding the concept of 

probability while fostering their reasoning skills. Since reasoning skills are essential for understanding 

probability, teachers need to emphasize conceptual learning rather than rote memorization to enhance 

students’ logical thinking.  

Nevertheless, strengthening students’ reasoning cannot rely solely on instructional methods, it 

also requires appropriate and engaging learning materials. Students’ difficulties in learning are not 

solely due to individual challenges but also result from insufficient teaching materials. Research 

findings indicate that teachers primarily rely on school-provided textbooks, without additional 

supporting resources. Hiltrimartin et al. (2022) observed that student worksheets primarily emphasize 

formulas and provide material summaries without incorporating real-life contexts. Furthermore, the 

exercises lack connections to practical problems, making them less effective in encouraging students to 

engage in problem-solving. Similarly, Batanero & Álvarez (2024) stated that most mathematics books 

only present subject matters as interesting objects without exploring deeper understanding  of concepts 

and their applications. 

The consequences of these instructional limitations are reflected in international assessments. 

Those learning challenges are in line with the decline in Indonesia’s mathematical performance in PISA 

2022. While Indonesia’s ranking improved compared to 2018, the mathematics score dropped by 13 

points internationally (OECD, 2023). This decline caused a significant concern, as PISA results are 

widely used to assess the quality of mathematics education (Wijaya et al., 2024). In the Independent 

Curriculum, probability is taught at stage E (grade 10), where students must explain probability, analyze 

compound events, and determine the probabilities of independent events (BSKAP, 2024). Greenwood 

et al. (2011) defined a sample space as encompassing all possible outcomes of an experiment. Since 

each outcome represents a potential result, understanding the concept of sample space is essential for 

students when analyzing random experiments and related events. Since probability is part of PISA’s 

uncertainty and data domain, students require strong reasoning skills to effectively grasp its concept.   

To address the instructional gaps and improve conceptual understanding, effective learning 

strategies should incorporate appropriate media and contextual approaches. One effective way to 
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enhance learning is by integrating media and instructional methods that provide contextual 

understanding. Utilizing learning media allows teachers to present mathematical concepts to students 

more effectively. To ensure information is absorbed efficiently, materials should be broken down into 

smaller, manageable segments, making them easier to understand and retain. Microlearning media are 

effective tools for delivering concise and easily accessible information. Microlearning is an approach 

centered on key concepts, employing multisensory and multimodal strategies within a short and focused 

time frame to enhance learning objectiveness (Dolasinski & Reynolds, 2020). 

Microlearning not only aids in knowledge retention but also strengthens conceptual connections. 

It facilitates-connections between different topics and ideas during the learning process (Aldosemani, 

2019; McNeill & Fitch, 2023). Additionally, it enhances students’ focus, concentration, and ability to 

retain knowledge more effectively. By structuring materials into small, meaningful sections, 

microlearning aligns with cognitive load theory, facilitating conceptual learning on probability. In this 

study, microlearning was used as an underlying principle for developing comics as learning media. 

Students engaged with the microlearning medium, which was incorporated into a student worksheet to 

enhance their reasoning skills. 

In Indonesia, Zulkardi et al. (2020) introduced Pendidikan Matematika Realistik Indonesia 

(PMRI) an instructional approach specifically designed for teaching mathematics, which was adapted 

from Realistic Mathematics Education (RME). Several studies have implemented the PMRI approach 

in probability learning, utilizing various contexts, such as sudoku and snakes and ladders (Wijaya et al., 

2021), snakes and ladders (Sari et al., 2022), dice (Armiati et al., 2022), maritime contexts (Malalina et 

al., 2024). These contexts were integrated into student worksheets, incorporating images accompanied 

by detailed explanatory texts. In this study, the researchers applied the context of culinary tourism in 

Prabumulih City, embedding it into a microlearning medium that was integrated into a student 

worksheet, as previously described.  

While previous studies have explored context integration, most have presented probability 

through photographs and brief explanations, with limited emphasis on deep conceptual learning. This 

study introduces comics as a microlearning medium, integrating it into a student worksheet for 

discussion-based learning. This approach was expected to enhance collaboration and reasoning 

development, allowing students to engage with the probability concept interactively. Based on the issues 

outlined, this study sought to answer the research question about how effective the student worksheets 

were in enhancing students’ reasoning ability. 

Beyond its immediate instructional goals, this research aligns with global educational priorities. 

This research contributes to the achievement of Sustainable Development Goal 4 (SDG 4), which aims 

to promote inclusive, equitable, and quality education, as well as lifelong learning opportunities for all. 

By developing student worksheets integrated with microlearning comics in probability learning, the 

study aims to enhance students’ mathematical fluency, increase participation, and promote greater 

inclusivity within heterogeneous classroom settings. The integration of visual storytelling and 



550                                                                        Mathematics Education Journal, Volume 19, No. 3, July 2025, pp. 547-566 

 

segmented content facilitates accessible learning experiences, particularly for students with varied 

cognitive and literacy levels. Furthermore, this innovative approach reflects a commitment to creating 

engaging educational resources that address diverse student needs and support more equitable outcomes 

in mathematics education. 

 

METHODS  

This study employed a design research methodology within the framework of development 

studies. With the objective of designing and validating the student worksheets on probability that was 

integrated with microlearning (comics). The study aimed to develop a probability material by creating 

instructional resources based on the PMRI approach, utilizing a microlearning medium as an 

educational innovation. This aligns with one of the key principles of design research, which emphasizes 

innovative educational practices (Bakker, 2019). As part of the validation process, this study also 

assessed the effectiveness of the microlearning medium in improving students’ understanding of 

probability and reasoning skills. The development process followed two main stages: preliminary 

evaluation, which included initial analysis and design, and formative evaluation, which involved 

iterative testing and refinement (Tessmer, 1993; Zulkardi, 2002), This sequence of stages is illustrated 

in Figure 1. 

 

Figure 1. Research flow 

Figure 1 illustrates the research flow in this study. The preliminary evaluation phase involved 

analyzing the curriculum, probability theory, and characteristics of students, followed by the 

development of the learning material. The formative assessment phase focused on the prototyping 

process, which included expert review, two-on-one evaluation, small-group evaluation, and field test 

evaluation. This study was conducted with 34 grade 10 students from SMAN 6 Prabumulih as 

participants.  

 

Preliminary Study 

During the preliminary study, the researchers identified existing issues within probability 

material in grade 10 that were relevant to the educational context. This was done through a review of 
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literature, previous studies, probability theories, and relevant books. Additionally, the researchers 

analyzed the curriculum related to probability, defined learning objectives to enhance achievement, and 

explored culinary tourism in Prabumulih City as a contextual framework for the learning material. 

Contextual learning is a key characteristic of the PMRI approach. In this approach, real life contexts 

relevant to students may be incorporated into teaching materials (Zulkardi & Putri, 2020). For instance, 

by integrating culinary tourism as a learning context, students are encouraged to grasp probability 

concepts while simultaneously strengthening their reasoning skills, resulting in a more meaningful 

mathematics learning experience.  

After completing the analysis, the researchers conducted a diagnostic assessment of students, 

particularly those who were the subjects of this study, to identify their characteristics in phase E (grade 

10). The diagnostic assessment was carried out through observations during classroom instructions, 

allowing the researchers to predict students’ abilities and use this information to design a probability 

teaching material that would be aligned with their characteristics, ensuring a high-quality learning 

experience. This is consistent with Waheed et al. (2023) statement, that data obtained from instructional 

processes can be utilized to improve the effectiveness of education. Finally, the researchers began 

developing a worksheet as a learning material, integrated with a microlearning medium in the form of 

comics. The worksheet function provided a space for discussion and collaboration among students, 

while the microlearning medium served as the primary instructional material, which was broken down 

into small, manageable segments for easier comprehension. 

 

Formative Evaluation 

In formative evaluation, the researchers conducted five phases: self-evaluation, expert review, 

one-to-two evaluation, small-group evaluation, and field test. In the self-evaluation phase, the 

researchers independently assessed the prototype worksheet integrated with microlearning comics 

developed during the preliminary study. This process involved discussions with supervisors and model 

teacher, resulting in Prototype 1, which was refined to address identified weaknesses. 

During the expert review phase, Prototype 1 underwent a comprehensive evaluation process 

conducted by both media and content experts. The media experts, representing Southeast Asian 

Ministers of Education Organization Regional Open Learning Centre (SEAMEO SEAMOLEC), were 

responsible for assessing the visual and technical aspects of the learning media, including the layout, 

readability, and overall design quality of the worksheet integrated with microlearning comics. 

Meanwhile, the content experts, who were affiliated with SEAMEO QITEP in Mathematics (Centre for 

Quality Improvement of Teachers and Education Personnel in Mathematics) and Balai Besar Guru 

Penggerak Daerah Istimewa Yogyakarta (BBGP DIY), evaluated the accuracy, clarity, and pedagogical 

relevance of the mathematical content, particularly related to the topic of probability. Their feedback 

contributed to the revision and improvement of the prototype prior to broader testing. 
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The one-to-two evaluation involved two Grade 10 students working with Prototype 1. The 

researchers observed their interactions with the material and conducted interviews using open-ended 

questions to explore its strengths, limitations, and any learning difficulties. These insights guided the 

development of Prototype 2. In the small-group evaluation, Prototype 2 was tested with 15 students 

divided into four groups to simulate a classroom context. This phase aimed to evaluate the prototype’s 

instructional effectiveness and efficiency on a limited scale, enhancing confidence in its implementation. 

In the field test evaluation, Prototype 2, which was declared valid and efficient, was tested on 34 

grade 10 students at SMAN 6 Prabumulih. Students were divided into 12 groups, each consisting of 

three students, except for one group, which consisted of four students. At this stage, the researchers 

observed how the students worked on the worksheet that was integrated with microlearning comics to 

evaluate its effectiveness in relation to students’ reasoning abilities. Additionally, the researchers 

employed a model teacher as an instructor in delivering probability materials. The model teacher was 

an actual class teacher. Meanwhile, the researchers acted as an observer during the evaluation, 

determining how well the model teacher and students utilized the instructional material. This is 

consistent with the goal of a field test evaluation according (Tessmer, 1993), which is to evaluate the 

effectiveness of the instruction. At this stage, the instruction was presented in its best form, although 

revisions were still possible. 

Data analysis was conducted to evaluate both the effectiveness and efficiency of the worksheet 

that was integrated with microlearning comics. The researchers established a scoring range for the pre-

test and post-test results, as shown in Table 1. These scores were then compared to determine the extent 

of students’ improvement in understanding the concept of probability. In this way, the researchers could 

identify the appropriate follow-up actions for students. 

Table 1. Assessment score 

Interval Category 

86 - 100 Excellent 

71 – 85,99 Good 

56 – 70,99 Satisfactory 

40 – 55,99 Poor 

< 40 Very poor 

As can be seen in Table 1, there were five assessment categories that the researchers implemented 

according to the range in which the score of each student’s fells. Each category represented a different 

level of student performance, allowing for a more detailed analysis of student understanding. This 

classification provided a guide for the researchers to identify specific areas where students might need 

additional support or intervention. 
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RESULTS AND DISCUSSION 

Preliminary Study 

During the preliminary study, the researchers formulated learning objectives aligned with the 

learning outcomes laid down in the Independent Curriculum: (1) students identifying the sample space 

of a random experiment; (2) students determining the number of elements in an event across various 

situations; and (3) students calculating the probability of a compound event. Next, the researchers 

developed Prototype 1, which consisted of two activities in the student worksheet Before that, 

educational comics was created as a microlearning medium containing a learning material about sample 

space. The comics was integrated into the student worksheets to constitute the first activity. In the 

second activity, students determined the probabilities of events under guidance. 

The comics featured a culinary tourism theme set in Prabumulih City. The storyline was about 

two girls who visited a souvenir center in Prabumulih city (Figure 2). To further engage students, the 

comics integrated a real-life mathematical scenario related to probability, enabling them to apply 

concepts in a relatable context. Additionally, the visuals and dialogs were designed in such way to 

enhance comprehension and foster an enjoyable learning experience. 

        

Figure 2. The comics’ design 

 As shown in Figure 2, the comics depicted two girls choosing one item out of for available items 

in a menu randomly. However, because one of them was to treat the other to a different item than that 

chosen by the other, two different items of the four available items in the menu were to be selected. The 

final comic product can be seen at Comics_1. The content of the comics focused on the concept of 

sample space in an experiment where various menu items could be randomly selected from four 

available options. Using real-world context in comics could help students focus on a single source of 

information (Lam et al., 2023). Enhancing their understanding of the subject matter. 

 

 

 

https://drive.google.com/file/d/1rzpkcyhtEo5IQYz6_ktj61niWcmHkGpM/view?usp=sharing
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Formative Evaluation 

Expert Review 

 In the expert review phase, Prototype 1 was evaluated by media and content experts to identify 

its strengths and weaknesses. Media validation was conducted by instructors from SEAMEO 

SEAMOLEC, while content validation involved experts from SEAMEO QITEP in Mathematics and 

BBGP DIY. In this stage, several components were reviewed (Table 2). The feedback provided by these 

experts was used as a crucial guide in refining the prototype and enhancing its overall quality. 

Table 2. Summary of the results of the expert review of the comics 

Categories Comment 

Developing a structured framework for 

objectives 

It is suitable 

Content of the comics Explanations and reinforcement are necessary to 

ensuring that the details in the student worksheets are 

properly linked to the concept of sample. 

Illustrations of the comics Properly fitting 

Template design theme Quite clear 

Harmonization of information, 

illustrations, and supporting context  

Well-suited 

Aesthetic elements Present 

Design or layout Good 

Clarity Good  

As shown in Table 2, assessment of the comics was conducted in eight aspects. All of these 

aspects received good ratings, except that. An improvement is needed in terms of content related to the 

concept of sample space (outlined in red). In this case, the experts suggested that the researchers should 

emphasize random experiments in determining sample spaces, which is pivotal in learning probability. 

In other words, it was deemed necessary that random experiments be emphasized in developing the 

content of the comics story to increase its relevance to the student worksheets. 

 In addition to the comics, assessment was also obtained conducted on the worksheets (Table 3). 

This assessment of the worksheet was aimed evaluating the worksheet’s effectiveness in reinforcing 

students’ understanding of the concept of probability. The experts provided feedback on the clarity, 

usability, and alignment of the worksheet with the learning objectives, which would be useful for 

refining the worksheets. This feedback was then carefully analyzed before revisions were made. 
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Table 3. Summary of ethe results of expert review of student worksheet 

No. Validated Objects Comment 

1.  Content of the student worksheets  

 a. Does the PMRI-based student worksheets contain a mathematics material 

that aligns with the Independent Curriculum? 

Yes 

 b. Does the PMRI approach-based student worksheets contain a mathematics 

material that should be taught to grade 10 students? 

Yes 

2.  PMRI characteristic reflected in the worksheets  

 Do the student worksheets reflect the following PMRI characteristics? 

a. Applying real-word problems 

b. Employing a model as a bridge from informal to formal mathematics 

c. Valuing linguistic diversity and student participation 

d. Promoting two-way interaction 

e. Being merged with other instructional topics 

 

Yes  

Yes  

Yes  

Yes  

Yes 

3.  Media perspectives and significance  

 a. Have the media aspects of the student worksheets been properly included? 

b. Does the student worksheets effectively reflect the intended educational 

outcomes? 

Yes 

Yes 

 Based on Table 3, the content of Prototype 1 was in accordance with the Independent Curriculum, 

particularly in Phase E. The content about the probability of compound events, with a focus on the 

sample space sub-topic. The content of the worksheets was in accordance with the five PMRI 

characteristics. First, it applied real-world problems with culinary tourism used as a context. Second, it 

employed a model that emphasized informal solutions before using formal methods. In this case, 

students could create their own models to solve the contextual problems posed to them. Third, it valued 

linguistic diversity and student participation. The medium used was relevant to the learning objectives. 

In addition, the questions presented in the student worksheet gave students the opportunity to propose 

answers according to the results of their respective thinking process in their group, showing some level 

of respect to the diversity among them. Fourth, it promoted interactivity. The researchers designed the 

student worksheet in such a way that it would require students to collaborate in groups to work on it. 

Students engaged in discussion and collaborations to work on sample space problems. Fifth, it supported 

integration with other learning topics. In this case, sample space, serving as the starting point in learning 

probability, could be integrated with other topics. 

The media aspect and its relevance to the student worksheets were well-rate. In addition, the 

content of the student worksheets was considered relevant to the learning objectives that had been 

formulated. However, based on feedback from content experts, it was suggested that the researchers 

revisit the history of probability theory, considering that the act of selecting food items from a menu 
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tends to be based on personal preference. This is in line with what Bakker's (2004) suggestion that when 

instructing on a probability topic, it is advisable for a teacher to first explore the topic’s historical 

background. He argued that understanding the history of the topic would serve as a solid foundation for 

effectively teaching it. This understanding would allow the teacher to adapt and modify the material 

according to students’ learning needs within the curriculum. In effect, it is expected that this 

understanding would enhance students’ motivation and interest in probability topics. 

 

Two-on-one Evaluation 

During the two-on-one evaluation, the researchers analyzed how two selected grade 10 students 

worked on prototype 1. The two students would not be among the study subjects involved in the field 

test. The evaluation focused on identifying usability issues and on assessing students’ engagement with 

Prototype 1. The feedback from the students provided valuable insights for refining the instructional 

material to obtain better learning outcomes. The two students were working on worksheets 

independently. The researchers observed how the process unfolded and recorded some findings. 

Additionally, notes were gathered based on both observations and interviews. The researchers analyzed 

these findings to identify students’ learning difficulties. The data was then used to refine the worksheet 

design, ensuring that it would better support students’ learning and comprehension, particularly in terms 

of their reasoning skills. 

Based on observations, it was found that the two students provided answers using different 

models: One used number, while the other used letters (Figure 3). This differential in answer patterns 

indicated different cognitive approaches to problem-solving that were employed by the two students. 

Recognizing this difference could help the researcher improve the instructional material contained in 

the worksheets.  

 

(a) 
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(b) 

Figure 3. Students’ answers  

 As depicted Figure 3, a link and a barcode were provided that direct students to the educational 

comics. Following the link and barcode were three key guiding questions to be answered by students 

after reading the comics, providing a means for discussion and collaboration between students. The 

comics, which functioned as a microlearning medium, helped students learn about sample space using 

a culinary tourism context. 

 Figure 3 presents students’ responses related to the concept of sample space. They first engaged 

with the comics, which served as a microlearning medium, through which the concept of sample space 

was introduced using the context of the culinary tourism in Prabumulih city. Three provided guiding 

questions facilitated discussion and collaboration, helping students develop a deeper understanding of 

the sample space concept. Students A and B recorded all possible outcomes of the experiment and then 

wrote down the sample space. However, student A used menu numbers, while student B used menu 

letters. The three problems that were posed, could measure students’ conceptual understanding of 

sample space, as well as their reasoning skills. Students were required to estimate all possibilities that 

might arise from the experiment of choosing several items of a menu from four available options. 

Students could estimate combinations of two selected items of the menus from the four available options, 

allowing them to calculate the probabilities of events in Activity 2, as designed by the researcher. 

 From the observations, the researchers noticed doubts that arose in the students in solving the 

problems. These doubts stemmed from their tendency to solve mathematical problems directly using 

formulas. Additionally, they were rarely exposed to contextual problems that required reasoning, which 

added to the difficulty that the students faced. Mathematics learning usually is heavily centered on a 

textbook which contains procedural content. These challenges became a reflection for both the students 

and the researcher. 

 

Revision 

 Based on the findings from the expert review and two-on-one evaluation, the researchers revised 

Prototype 1 to improve its quality, adding the history of probability to it. Traditionally, the birth of the 

modern concept of probability is attributed to Blaise Pascal and Pierre de Fermat, who used chance to 
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solve gambling games (Pasuci, 2024). It was from these gambling games that the theory of probability 

originated. This revision can be seen in Figure 4. 

         

Figure 4. Revision of the comics 

 Figure 4 illustrates the revised version of some panels of the comics, the names of menu items 1 

– 4 were change to Packages 1 – 4. The store informed through a statement that it offered a prize draw 

that any customers who made amounting to IDR 300,000 could participate in, with no cumulative 

eligibility. In this study, the researchers adapted the gambling game into the prize draw within the 

context of culinary tourism in Prabumulih City. The rough draft and revised version of the comics can 

be viewed at Comics_1 and Comics_2. These changes were made to emphasize the randomness of 

experiments in learning the concept of sample space. In making these modifications, the researchers 

realized the importance that a designer understands the history and content of probability theory, as it 

would help students grasp the concept more effectively. Bakker (2004) stated in his research that 

studying the history of a topic serves as valuable preparation for teaching it. One of the benefits we gain 

from this understanding is that it helps students better comprehend the concept and principle that come 

with the theory. In addition to the comics, revisions were also made to the worksheets.  

 The modified comics was then integrated into the student worksheets, resulting in Prototype 2 

(Table 4). This adjustment ensured that the worksheets were aligned more effectively with the revised 

comic content, enhancing students’ comprehension and engagement. By incorporating elements from 

the updated comics, the worksheets created a more relatable learning experience. The refinements made 

to produce Prototype 2 were informed by feedback from previous evaluations, ensuring improved 

instructional quality and better student understanding. 

Table 4. Modifications to prototype 1 to make prototype 2 

Prototype 1 Prototype 2 

A single trial 

Dini selects three 

available menu items  

Two random experiments  

1. Dini randomly selects two different menu items from four available 

options. 

2. Dini randomly selects three menu items from four available options. 

https://drive.google.com/file/d/1rzpkcyhtEo5IQYz6_ktj61niWcmHkGpM/view?usp=sharing
https://www.canva.com/design/DAGh5Q5K9TM/uo0DK0uSOB1_5TiZw77fuw/edit?utm_content=DAGh5Q5K9TM&utm_campaign=designshare&utm_medium=link2&utm_source=sharebutton
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 As shown in Table 4, the researchers designed two random experiments to guide students in 

grasping the concept of sample space. These experiments strengthened students’ reasoning skills, 

helping them determine the sample space of the given random experiment. The refinement of Prototype 

1 resulted in valid Prototype 2, which was later tested during a small group evaluation. 

 

Small-Group Evaluation 

 During the small group evaluation, the researchers tested Prototype 2 on groups of four students, 

except for one group that had three students. Each student focused on completing his or her own 

worksheets. The researchers observed their progress during the activity and interviewed them afterward. 

Observations indicated that students successfully completed the worksheets. Additionally, interview 

results revealed that students found the microlearning comic useful in helping them understand the 

concept of sample space, and solve the problems presented in the worksheets (Figure 5). 

  

Figure 5. Student answers from a small-group discussion 

Figure 5 presents a student group’s answers, showing successful problem-solving. The students 

accurately determined the sample space of the random experiment. This showed that they had strong 

reasoning skills. From these answers, it could be inferred that the students had understood the concept 

of sample space. To determine the members of a sample space, students’ reasoning ability is essential. 

The students were able to provide correct answers to the sample space problems, where the random 

experiment involved a prize draw with a spinning wheel and the students were required to predict all 

possible outcomes. 

The contextual problems that were presented, revealed the students’ thinking flexibility by which 

various methods were generated. This is in line with Arifin et al. (2021) take that flexibility of thinking 

is reflected in the possibility of different ideas and the ability to change methods or approaches to 

problem-solving quickly. The students being able to produce the right solutions showed that they were 

able to use their reasoning skills to solve the problems at hand.  

 English version. 
 Activity 1. 

1. See the following link of comic. 
2. If Dini tries to choose two different menus randomly from the 

four available menus, then: 
a. What were the results of the experiment? (Write down all 

possible outcomes.) 

Probability 1= {1,2}  Probability 4= {2,3} 
Probability 2= {1,3}  Probability 5= {2,4} 
Probability 3= {1,4}  Probability 6= {3,4} 

b. If the Sample Space is the set of all possible outcomes (that 

will occur) in an experiment, then write the sample space of 

the experiment. {(1,2), (1,3), (1,4), (2,3), (2,4), (3,4)} 
3. If Dini chooses three different menus at random, what is the 

sample space? {(1,2,3), (2,3,4), (3,4,1), (1,2,4)} 
4. How do you determine the members of the sample space? by 

looking at all possible outcomes 
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The comics increased the student’s motivation to learn sample space, as can be seen from their 

answers in the student worksheets. These findings also showed that probability learning was effective 

in enhancing students’ reasoning skills. Students had shown a good understanding of the concept of 

probability. Sharna et al. (2021) said that the appeal of comics lies in its ability to arouse students’ 

enthusiasm for learning due to the alignment of content that is relevant to their lives. This enthusiasm 

is key to understanding text. 

Observations and analysis of students’ answers revealed that Prototype 2 was effective and 

efficient for teaching probability, so it could be used in the field test. As stated (Tessmer, 1993), small-

group evaluations focus on student performance data to confirm previous revisions and provides more 

accurate measures of learner performance. 

 

Field Test Evaluation 

In the field test stage, the learning process was conducted by a model teacher, involving 34 grade 

10 students, who were then divided into 11 groups. The model teacher delivered the probability material 

to students. Throughout the evaluation, the researchers acted as observers, assessing how effectively 

both the teacher and students engaged with the instructional material provided through the student 

worksheet. Instruction was carried out in the best possible way, although some improvements might be 

necessary. 

 Based on the researchers’ s observations, students appeared enthusiastic during the learning 

process. A number of students acted out comics characters in front of the class, watched by the rest of 

the students. The students ‘answers in the student worksheet also demonstrated good performance, with 

the students successfully determining the members of a sample space and the probability of an event, 

occurring in Figure 6. 
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English version: 

 

 

Figure 6. Student’s answers in the worksheets 

Figure 6 shows the response of one student in Activity 2 of the worksheets. The student was 

asked to list all the elements of a sample space and the possible events from a random experiment of 

spinning a lottery wheel. The answer provided demonstrated the student’s understanding of the sample 

space concept and ability to identify possible events. These answers also showed that the student had 

been able to use their reasoning skills and understand the concept of event probability. 

 Students’ achievement post-test also showed an increase compared to pre-test results. The 

researchers found that the performance of students’ answer was significantly different between the pre-

test and post-test, can be seen in Figure 7. This improvement suggests that the instructional material 

and teaching strategies implemented during the study contributed to students’ enhanced understanding 

of the subject. The difference in students’ responses indicated a positive impact on their reasoning 

abilities. 

Student responses at pre-test: 

 

Student responses at post-test: 

 



562                                                                        Mathematics Education Journal, Volume 19, No. 3, July 2025, pp. 547-566 

 

English version: 

 

English version: 

 

Figure 7. Student responses on the pretest and the posttest questions 

 As shown in Figure 7, the posttest questions were slightly similar to the pretest questions, except 

that the researchers modified the numerical values. The student’s answer on the posttest were 

significantly better than the answers on the pre-test, especially to the second question. The student was 

able to determine the probability of choosing candies from each jar in an experiment and make a 

prediction of the likelihood of retrieving pineapple-flavored candies from jar 1 and retrieving chocolate-

flavored candies from jar 2, or vice versa. Analysis of students’ answers revealed that there were 

students who gave only one possible answer. This was because the students had different ways of 

imagining the problem. 

 The overall test results can be seen in Figure 6. The field test was conducted on 34 participants. 

The students involved were those who did not participate in the two-on-one and small-group evaluations. 

The test included three questions (Figure 7). Those questions were designed to evaluate students’ 

understanding of probability concepts and their ability to apply logical reasoning in problem-solving 

situations. The results provided insights into how well students grasped key ideas and highlighted areas 

needing further instructional support. 

Table 6. Result of the test 

Score Pre-test (%) Post-test (%) Category 

86 – 100 0 6 Excellent 

71 – 85,99 15 35 Good 

56 – 70,99 6 35 Satisfactory 

40 – 55,99 21 24 Poor 

< 40 59 0 Very poor 

 From Table 6, the students made an improvement from pre-test to post-test. At pre-test, no 

students fell to excellent category, but at post-test, 6% of students belonged in this category. Likewise, 

59% of students fell to the very poor category at pretest, whereas at post-test, no students belonged in 

this category. These findings indicates that the worksheet developed by the researchers were effective 

and efficient in helping students in learn probability and enhance their reasoning skills. The substantial 

shift in performance distribution reflects the positive influence of integrating microlearning comics into 

instructional materials. 
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 The post-test questions, though structurally similar to the pre-test, challenged students with 

modified numerical values to assess their conceptual transfer. Students showed noticeable improvement, 

especially in interpreting compound probability scenarios involving flavored candies. Variation in 

students’ responses revealed flexible thinking patterns, highlighting diverse cognitive strategies. These 

results affirm the value of differentiated instructional tools such as microlearning comic integrated 

worksheets in developing probabilistic reasoning and fostering inclusive learning experience.  

The improvement in students' learning outcomes from the pre-test to the post-test indicates the 

effectiveness of the student worksheets integrated with microlearning comics in enhancing students’ 

understanding of probability concepts. This aligns with Aldosemani (2019) findings, which highlight 

that microlearning strategies allow learners to access content in concise, manageable segments, 

promoting retention and flexible learning. Furthermore, the visual and narrative elements of comics 

serve as effective cognitive scaffolds that support comprehension of abstract mathematical concepts. 

As Lam et al. (2023) assert, comics in mathematics instruction can improve student engagement and 

foster future-ready learning competencies, particularly when designed to align with curricular goals. 

Moreover, the students’ ability to transfer conceptual understanding to novel contexts, such as 

solving compound probability problems involving flavoured candies, demonstrates growth in 

probabilistic reasoning. This supports the perspective of Álvarez et al. (2024), who emphasize the 

importance of fostering probabilistic literacy to help students interpret uncertain events in real-world 

situations. The differentiated nature of the instructional materials accommodated diverse learning 

preferences, contributing to a more inclusive and equitable learning environment (McNeill & Fitch, 

2023). In line with the principles of Pendidikan Matematika Realistik Indonesia, which emphasize 

contextual learning and mathematization (Zulkardi, 2002; Zulkardi & Putri, 2020), the use of 

microlearning comics allowed students to meaningfully engage with probability through realistic 

scenarios, thereby strengthening both conceptual understanding and reasoning skills. 

 

CONCLUSION  

 In this study, the researchers developed the student worksheets on probability for grade 10, 

integrated with microlearning comics using the context of culinary tourism in Prabumulih City. The 

products demonstrated the following characteristics. First, the construct was designed in accordance 

with the PMRI approach. The material began with the presentation of the context of culinary tourism 

in Prabumulih City, followed by several questions related to the given context. Second, the answers to 

the problems were presented as student contributions. This helped students understand the concept of 

sample space while simultaneously strengthening their reasoning skills. Third, as a microlearning 

medium, the comics presented a concise material on the topic of sample space. Fourth, the 

microlearning comics integrated in the worksheets was easy to use, effective, and efficient, making it a 

valuable tool for enhancing students’ reasoning skills. Based on the study results, the microlearning 
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comics could help with students’ learning and thus, integrating it into the student worksheets could 

further develop students’ reasoning skills. Students were able to determine the sample space of a random 

experiment based on the contextual problem presented. A limitation of this research is that the study 

was conducted at only one school. It is hoped that future research will include multiple schools to 

provide a clearer assessment of the effectiveness and efficiency of the instructional worksheets. This 

initiative aligns with Sustainable Development Goal 4, which advocates for inclusive and equitable 

quality education and promotes lifelong learning opportunities for all. By integrating relevant contexts 

into learning materials, the worksheets contribute to enhancing educational equity and engagement, 

while simultaneously advancing the quality of mathematics instruction. 
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