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Abstract. Students' critical thinking and mathematical problem-solving skills are important 

elements in learning mathematics; however, facts in the field still provide notes on the average 

learning outcomes in the material of sample spaces, and simple event probabilities are still low. 

This study aims to develop a mobile-based mathematics learning application to improve students' 

critical thinking and mathematical problem-solving skills. This study uses the ADDIE 

development design (analysis, design, development, implementation, evaluation) and quasi-

experimental methods with a pre-test-post-test design in the experimental and control groups. The 

study subjects were 11th-grade public and private high school students, with a total of 145 

students participating. The instruments include critical thinking and mathematical problem-

solving tests based on established indicators. Quantitative analysis uses a paired t-test. The 

results showed a significant increase in the average score of students in the experimental group 

with critical thinking skills (experiment 88.77, control 72.65) and mathematical problem solving 

(experiment 86.55, control 76.54) after using the application. The development of mobile learning 

applications on the material of sample spaces and simple events can effectively improve the 

critical thinking and mathematical problem-solving skills of high school students.  
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INTRODUCTION 

Critical thinking skills have become the focus of research on mathematics learning 

in recent years (Pramoda Wardhani & Oktiningrum, 2022; K Umam, 2018). Critical 

thinking skills include the ability to solve problems, as well as the ability to analyze, 

evaluate, and construct logical arguments and consider alternative solutions in solving 

problems. In education, mathematical critical thinking involves students' ability to 

understand and apply mathematical concepts in depth and relevance, and can integrate 

mathematical concepts with real life (Ndiung et al., 2021; Purwanto, 2020). This ability 

not only plays a very important role in students' academic progress, but also helps students 
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to face various increasingly complex life challenges and integration (Kusaeri & Aditomo, 

2019; Shukla et al., 2020; Veloo & Chairhany, 2013).  

Many current studies discuss critical mathematical thinking skills, the main goal 

of learning mathematics (Janah et al., 2019; Shukla et al., 2020). One of the materials that 

can support students' critical thinking skills is the material on sample spaces and simple 

event probabilities. The material on sample spaces and simple event probabilities requires 

students to analyze data more systematically, understand various relationships between 

various data in random situations, and make the right decisions based on mathematical 

probability and logic (Irsal et al., 2017; Susanti & Hartono, 2019; Warwick, 2007). 

Therefore, learning sample spaces and simple event probabilities is about memorizing 

concepts and developing students' ability to think critically and rationally in solving 

problems based on probability, reasoning, and logic. Students learn the importance of this 

material on sample spaces and simple event probabilities because it hones students' ability 

to adapt to solving various problems (Bintoro et al., 2021; Nakhanu & Musasia, 2015). 

The material students study on sample space and simple event probability is very much 

needed in life, although it does not directly impact. Concepts such as sample space, simple 

event probability, and probability calculations are often abstract and cannot directly relate 

to students' daily lives. In bringing mathematical concepts closer to real life, students need 

to be helped so that they can understand the material better, interestingly, and relevant to 

students' needs.  

Several previous studies have shown that learning mathematics using technology 

has a very positive impact on mathematics learning outcomes and interest in learning 

mathematics (Halimah et al., 2020; Moorhouse et al., 2019; Khoerul Umam et al., 2024; 

Van Vaerenewyck et al., 2017). Research shows that learning mathematics using 

technology has a long-term positive impact on students. Students become more motivated 

in learning mathematics because they are given a very positive impression of the 

mathematics learning experience (Hemmi et al., 2021; Tran & O'Connor, 2024; Webb et 

al., 2013). Other studies show that mobile-based mathematics learning can improve 

students' creative thinking skills, especially in solving mathematical problems. 

However, although many studies have shown positive results, the development of 

mobile-based mathematics learning applications on the material of sample spaces and 
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simple event probabilities that play a role in improving students' critical thinking skills is 

still very limited. Therefore, this study aims to develop a mobile-based mathematics 

learning support tool that teachers and students will use in learning sample space and 

simple event probability material. This application is expected to positively impact 

students' psychology in the long term (Ariyanto et al., 2019; Chen, 2019). This application 

also improves students' critical thinking skills, as shown in the behavior of students who 

are willing to play an active role in learning, dare to express their opinions, and can 

explain sample space and simple event probability material more comprehensively. 

The main purpose of developing this application is to improve students' critical 

thinking skills and mathematical problem-solving abilities. It helps students understand 

sample space and simple event probability material more easily and stimulates them to 

think critically in solving mathematical problems. Thus, this application can present an 

alternative mathematics learning support tool that is effective for use in the classroom but 

can also be accessed by students outside of school hours. 

RESEARCH METHOD 

This study uses the ADDIE development design to achieve maximum 

development of mathematics learning. At the analysis stage, student needs, teacher needs, 

critical thinking skills needs, and technology needs to improve students' mathematical 

critical thinking skills are carried out. After that, the design stage involves visualizing the 

results of the analysis that has been done by creating a flow display in the figma program 

so that development will be easier in developing its application. The selection of figma 

has the aim of being able to be simulated with the research team and teachers so that it is 

easy to discuss if there is a discrepancy between the concept and implementation (Alim 

et al., 2016; Ariyanto et al., 2019; Iftitah, 2023). In the development stage, it is done by 

changing the figma results into a programming form to make the results more realistic. 

Before implementation, product validation involves expert validation in mathematics 

education and technology, which examines the product techniques' suitability, clarity, 

development potential, and feasibility. Researchers then use this expert feedback to revise 

before the product is tested on a wider scale to identify practical problems (Nugrahani & 

Apriani, 2021; Samo et al., 2017). In the implementation stage, researchers and teachers 
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collaboratively implement the developed product in a predetermined classroom setting. 

During this process, the focus is to closely observe student interactions with the product 

and collect direct feedback from students and teachers regarding the user experience and 

potential obstacles that may arise. In the final stage, an evaluation is carried out to 

measure the effectiveness of learning using the technology developed. This process 

analyzes how technology implementation impacts students' critical mathematical 

thinking skills. Quantitative data through test instruments and feedback will be collected 

and analyzed to gain a comprehensive understanding of the influence of technology on 

students' cognitive abilities.   

 This study was conducted in the odd semester from April to May 2024 at 2 high 

schools, namely public and private high schools. The selection of schools was based on 

the same AKM value, so the characteristics of the school tend to have a population with 

the same mathematical ability. Each school will have one control class, so there are 4 

classes, 2 experimental classes with 71 students, and 2 control classes with 74 students. 

Based on gender, out of 145 students, 75 are male, and 70 are female. The assessment 

instruments used in evaluating this study are two instruments, namely the application 

evaluation instrument and the instrument for measuring students' critical thinking skills 

and mathematical problem-solving abilities. In measuring the extent of students' 

understanding of the concept of sample space theory and simple event probabilities, 6 

mathematical problems were created, which were distributed based on indicators of 

critical thinking and problem-solving abilities (Abdiyani et al., 2019; Janah et al., 2019; 

K Umam, 2018). Teachers and mathematics practitioners then validate the problems 

created. The problems are open-ended; students must think and analyze before solving 

the problem. Several experts mention five indicators of students' mathematical critical 

thinking skills: interpretation, analysis, evaluation, inference, and explanation (Abdiyani 

et al., 2019; Janah et al., 2019). Meanwhile, students' mathematical problem-solving 

abilities indicate understanding the problem, planning to solve the problem, solving the 

problem, and looking back at the problem (Risani & Nuriyatin, 2021; Wahyu Hidayat, 

2018). 

The research data analysis uses descriptions based on the ADDIE development 

stages: analysis, design, development, and evaluation. The stages of data analysis of 
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students' critical thinking skills will be scored according to the rubric that mathematics 

and technology education experts have validated. Experts provide a score assessment 

between 1 and 5 for each aspect. The average assessment of each aspect must get a 

minimum score of 4. In this study, three assessment criteria were determined, including 

not feasible (average score ≤4.0), feasible 4.0 <average score ≤4.5), and very feasible 

(average score> 4.5) (Mamolo, 2019; Rahmadhani & Wahyuni, 2020). The impact of 

technology implementation on students' critical thinking and mathematical problem-

solving skills was evaluated through a t-test after the prerequisites for normality and 

homogeneity were met. The paired t-test analyzed the differences in pre-test and post-test 

scores of the experimental group.  

RESULTS AND DISCUSSION 

Analysis 

 Analysis of learning mathematics material, sample space, and probability of 

simple events obtained from teachers and students. The challenge in teaching material 

sample space and probability of simple events is that students often find it difficult to 

understand abstract concepts in sample space and probability of simple events, such as 

sample space and sample space and probability of simple events. This is due to the nature 

of the material, which requires a high understanding of logic and critical thinking skills. 

This material, which tends to be difficult, is often presented in text or formulas that are 

sometimes difficult for students to understand (Blum & Borromeo, 2009; Choppin et al., 

2022; Nyroos et al., 2015). The teacher noted that students often confuse the difference 

between sample space and event, while a student said, "The formulas look scary and hard 

to remember". 

The analysis shows a need for Interaction in the mathematics learning process, equipped 

with sample space material and simple event probabilities, and quizzes to provide a strong 

understanding for all students. The analysis results show that quizzes on understanding 

the concept of sample space and simple event probabilities that can be done repeatedly 

can increase students' understanding of the material, so this proposal needs to be 

considered carefully so that it is recorded in the analysis results. In supporting the results 

of this analysis, the researcher made a design for the learning process of sample space 
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and simple event probabilities that need to be validated by mathematics education experts 

and mathematics teachers.  

Design 

After conducting an in-depth analysis, the research will be designed in Figma 

based on the results. The design begins by considering the data analysis of student needs, 

learning objectives, technical aspects required, and various inputs from teachers, 

practitioners, and students. In designing this mobile application, we carried out two stages: 

the interpretation stage of the analysis results and the design of the mobile learning 

application. 

The interpretation of the analysis results begins by creating a concept that suits 

the needs of students. Analysis emphasizes students' problem-solving and critical 

mathematical thinking abilities that need attention. The team interprets this by creating a 

simulation image. 

In developing Figma, researchers adjust several aspects, the first of which is the 

learning activities that will be carried out, the colors that will be given to the application, 

student activities, buttons on the screen, and the back button. The most challenging aspect 

of the Figma development process lies in adapting the mathematics learning scenario 

based on the conducted data analysis, which necessitates extensive discussions and 

considerable time investment.. To see further, how this application is designed in Figma 

can be seen as follows.  

       
Figure 1. Application of sample space and probability of simple events 
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Development 

 The development of this application began based on a mock-up that had been 

created on the figma page. Development began by coding the front-end of the Figma data. 

In developing this application, researchers collaborated with technology experts who 

could facilitate the realization of the design concept that had been developed. Before the 

development stage of this application began, we considered various inputs from several 

mathematics education experts and technology education experts. The assessment from 

technology education experts can be seen in Table 1.  

 

Table 1: Educational Technology Expert Results 

No Category Average Criteria 

1 Device Engineering 4.53 Very Receivable 

2 Visual Display 4.28 Receivable 

3 Students' Interaction 

with the Application 

4.76 Very Receivable 

  

When looking at the data, it can be explained that the very positive response from 

technology education experts is related to the developed application. In device 

engineering, it obtained a value of 4.53, which is included in the very feasible criteria. 

This indicates that the structure, functionality, and reliability of the application software 

students use are considered very feasible. The data in Table 1 shows that the level of 

expert confidence in the application that has been developed has a strong technical and 

Interaction foundation and is very feasible to be used in the mathematics learning process 

in the classroom that supports students' problem-solving abilities and critical 

mathematical thinking abilities. Furthermore, in obtaining more comprehensive 

assessment results, the same opinion was expressed by mathematics education experts, as 

seen in Table 2.  

 

Table 2: Mathematics Expert Validation Results 

No Category Average Kriteria 

1 Learning Design 4.30 Receivable 

2 Device Engineering 4.66 Very Receivable 

3 Visual Display 4.22 Receivable 

4 Students' Interaction 

with the Application 

4.75 Very Receivable 
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 Table 2 data illustrates the level of expert confidence in the developed product, 

where the interaction assessment gets a fairly significant value of 4.75, indicating it is 

very feasible. This expert assessment reinforces that Interaction in the mathematics 

learning process is important. With fairly active student interaction, students' ability to 

analyze a problem increases, and students' ability to compile a series of problem-solving 

becomes better (Ariyanto et al., 2019; Iftitah, 2023; Pramoda Wardhani & Oktiningrum, 

2022). Active activities in this learning process support the creation of increased problem-

solving abilities and students' critical mathematical thinking abilities. Mathematics 

education experts provide input on concepts that need to be strengthened. This is different 

from technology education experts who suggest that the technology faced must prioritize 

aspects of ease of Interaction so that the application is in demand by students and teachers.  

Impelementaion 

 This shows the influence this mathematics learning process has on students' 

critical mathematical thinking skills, as seen in Table 3.  

Table 3: Results of the t-test of students' visualization ability scores 

class Amount of 

Students 

Average Sig.  notes 

Experiment 73 88.77 0.002 Sig. < 0,05 

Control 72 72.65 

  

The results show that all the sig data and a significant difference in students' 

critical mathematical thinking skills using mobile-based learning. Most students exceed 

5 indicators of students' critical mathematical thinking skills: interpretation, analysis, 

evaluation, inference, and explanation. Using mobile-based learning, students' critical 

mathematical thinking skills increased in all experimental classes. This learning 

succeeded in encouraging more active and effective student interaction. Mathematics 

learning outcomes also increased from the average value of students in problem-solving 

skills, as seen in Table 4.  

Table 4. Results of the t-score test of student ability 

Class Number of 

Students 

Average Sig.  Notes 

Experiment 73 86,55 0.003 Sig. < 0,05 

Control 72 76,54 



Kontinu: Jurnal Penelitian Didaktik Matematika 

E-ISSN: 2656-5544 

P-ISSN: 2715-7326 

Vol. 9, No. 1: May 2025 

Page 124-137  
 

132 
 

 The data shows a significant difference because it can be interpreted as a 

difference where students in the experimental class who use mobile learning 

simultaneously also show increased problem-solving abilities. Students who can easily 

mathematize problems. The teacher's response in this mathematics learning is positive, 

where student interaction with other students increases significantly, encouraging 

students to think critically. With a significant level of Interaction, students' ability to 

interpret a problem becomes more rational. Students' rationalization of the problem is 

based on analytical skills that have increased significantly, assisted by how students 

model a problem solution through four stages of problem-solving abilities. Combining 

problem-solving abilities and mathematical critical thinking abilities in this mathematics 

learning greatly helps teachers create more effective and efficient mathematics learning.  

Evaluation 

 In evaluating the implementation of this learning activity, it contributes to 

improving students' critical mathematical thinking skills and mathematical problem-

solving skills. The evaluation results show that using this learning media can significantly 

improve students' critical thinking skills, where students become more active in the 

learning process and are more critical of the mathematical materials explained. Students 

can argue logically by providing facts about the problems faced. Students can also provide 

problem-solving skills that are clearer and more orderly, so that students who listen to the 

explanation can understand it well. From the teacher's experience, the teacher feels that 

all the students involved greatly feel the ease of use of this application. Teachers know 

the great benefits of using this application, so they are very happy to use it. The impression 

teachers give to this application is impressive because teachers are very helped and 

students also feel a positive impact. Several studies on applications also reinforce this. 

Using applications in mathematics learning greatly helps many technical and conceptual 

matters, where teachers explain the material more easily and students receive more easily 

understood lessons.  

CONCLUSION 

 The development of the application of sample space material and simple event 

probabilities brings mathematical concepts closer to students' daily lives. Assessments 
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from several experts show that the developed application can empirically improve 

students' critical thinking skills, with the majority of experts giving decent and very 

decent assessments in several aspects of the assessment. The results of the study in 

quantitative data on mathematics learning outcomes also showed a significant increase in 

the average score of critical thinking skills (experiment 88.77, control 72.65) and 

mathematical problem solving (experiment 86.55, control 76.54) of students in the 

experimental group after using the application. This is indicated by students who become 

more interested in learning mathematics because of direct Interaction between students 

and teachers. The impact of the development of this application is that students can argue 

better on mathematical problems. Students can also consider more logical and systematic 

problem solutions. The positive impacts that arise are due to a better and quality 

mathematics learning process supported by mobile-based technology.  

This study has various shortcomings that were not met when carried out, including 

the involvement of students in larger numbers. This limitation is because the researcher's 

ability to reach a wider research area requires much cooperation and money. Therefore, 

future research can cover this by increasing the number of schools and subjects 

participating in this study. This study also has not reached students who do not have 

mobile phones, because in this study, researchers require students to have mobile phones 

to make it easy to learn mathematics. Future research needs to consider how this research 

is conducted on subjects who do not have mobile phones because most students in the 

regions cannot access communication tools with limited signals and other supporting 

technologies. By knowing the shortcomings of research that does not use mobile phones, 

this application can be redeveloped to meet the various needs of mathematics teachers in 

the future. 
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