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 The progress of the times requires students to be able to think quickly. 

Student activities in learning are always associated with technology and 

students’ thinking activities and are expected to think computationally. 

Therefore, this study aimed to determine how learning with the concept of 

computational thinking (CT) using the Scratch program can improve 

students’ mathematical problem-solving abilities. An exploratory research 

design was conducted by involving 132 grade VIII students in Kuningan, 

Indonesia. Data analysis began with organization, data description, and 

statistical testing. The results showed that students performed the concepts 

of abstraction thinking, algorithmic thinking, decomposition, and evaluation 

in solving mathematical problems. There were differences in students’ 

problem-solving abilities before and after the intervention. Students’ 

activeness in solving problems using the CT concept through a calculator 

significantly affected 52.3% of the ability to solve mathematical problems. 
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1. INTRODUCTION 

The rapid development of technology plays an important role in carrying out tasks in everyday life. 

To keep pace with technology, it is imperative that individuals have the education, knowledge, and skills to 

understand the technological systems they use and to be able to solve problems when things go wrong [1], 

[2]. Czerkawski and Lyman argued that individuals need to have the knowledge to respond to the challenges 

of the 21st century [1]. In education, it is necessary to pay attention to the curriculum to deal with this 

knowledge. Wing extends the notion of computing and proposes that computational thinking (CT) should be 

considered a fundamental skill taught throughout the curriculum [3]. As a developing country, Indonesia 

requires people who understand computer skills in terms of what they can and cannot do so that they can 

create effective computing tools. To achieve this, Indonesia must prepare the nation's successors to develop 

the knowledge they need to survive and effectively overcome the challenges of technological progress. One 

of the desired types of education is integrating technology into school subjects in the curriculum [4]–[6]. 

Technological developments are very influential on learning. The use of technology to complete 

tasks needs to be considered so that students can be involved in mathematical modeling activities [7]. The 

progress of times requires students to be able to think fast. Student activities in learning are always associated 

with technology and student thinking activities, and students are expected to be able to think computationally 

therefore, teachers must be able to design learning that leads to CT. Computational thinking is defined as a 

thought process for formulating and solving problems with the use of computers. Teaching computational 

https://creativecommons.org/licenses/by-sa/4.0/
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thinking as a basic skill throughout the school curriculum will enable students to learn abstraction 

algorithmic, and logical thinking and solve complex, and open-ended problems [8]. The ability to solve 

problems is a level of ability that needs to be continuously implemented [9]. From the results of initial 

observations, it was found that students did not practice non-routine problems. Students feel confused when 

solving problems is one of the most typical characteristics of each individual. The problem-solving ability is 

accepted as an important cognitive activity in professional business and everyday life [10], [11].  

In solving problems, one needs to go through several stages, including the thought process. 

Herskowitz et al. define abstraction as a vertical thinking activity of mathematical concepts previously built 

by the mind into a new mathematical structure [12]. At this point, the concept of CT contributes to problem-

solving. Approaches to solving a problem, designing systems, and understanding human behavior that refers 

to the basic concepts of computing can use the concept of CT. The term CT is defined as a problem-solving 

approach that requires abstraction thinking, algorithmic decomposition, and pattern recognition [13]. 

However, in this study, we analyzed student activity using CT abstraction, decomposition, algorithm, and 

evaluation components [14], [15]. In this case, it is necessary to teach students how to solve problems during 

the educational process. Teaching activities are carried out to improve not only their problem-solving skills, 

but also explore computational thinking. 

Learning that involves students directly in practice is highly coveted by students, for that class 

management is need in providing effective teaching. Behaviors related to effective classroom management 

need to be observed from the start to the end of learning on time: i) Managing lesson transitions; ii) 

Minimizing the time for things not related to assignments; iii) Handling wrong student behavior efficiently; 

iv) Preparing lessons well, and use appropriate learning media. Some learning media suitable for learning 

mathematics include the use of GeoGebra, Maple, Scratch, Tinkercad, Mapcitymath. Research showed that 

choosing the right media can improve students' cognitive abilities [16]. 

Students crave activities in the form of practices that make them active. Solving non-routine 

mathematical problems is a big problem faced by students today; this is an obstacle in learning. For this 

reason, we need a learning concept that can activate students through practice. Because the results of Singh's 

research [17] revealed that using cards in learning could be a medium that makes students practice and 

activities. However, to face the 21st century, it is better to use technological media to invite active students 

and think computers. Still, limited conditions after COVID-19 make teachers very careful in learning, so this 

research is very important to know activities when students solve problems with practical learning using 

computers. The concepts and practices used in CT involved computer science and other disciplines such as 

science, mathematics, social science, biology, art, language, and technique [18]. 

CT is increasing along with digital technology in every discipline [19] making it possible to be used 

to study other sciences, including mathematics. CT, which is defined as an approach to problem solving, is 

filled with problem solving abilities. CT in mathematics learning is being explored. The results of research in 

learning mathematics report the following things that are used as a reference for testing cognitive activity:  

i) Problem solving procedures are returned to students; ii) The teacher gives non-routine questions; iii) 

Asking problems that lead students to think more deeply; iv) Provide problems with small subsections; and v) 

Provide problems that can be solved in various ways [20].  

Learning media is one of the supports to activate students [21], [22]. The media used must match the 

material to be studied. Students' use and technology skills have increased during the pandemic, but it is not 

yet certain whether they can increase their knowledge in exploring the material. After the pandemic took 

place, learning with health protocols was carried out properly, so it is time for researchers to take advantage 

of this situation for maximum use of technology. As research by Garneli and Chorianopoulos intervened in 

students' learning using video games, video game construction research results in projects with higher and 

more primitive CT skills, which were measured through project code analysis. In addition, the video game 

context further motivates students for future engagement with computational thinking activities [23]. 

The results of other studies show that Scratch can be used to develop students' mathematical ideas 

and computational thinking. Scratch's effect on the acquisition of mathematical concepts and the 

development of computational thinking [24]. The Scratch program can also build computational thinking. 

The study results also show that the trainees, in this case, elementary school teachers in Portugal, the use of 

the Scratch program can learn the concepts of computational thinking and develop useful products for 

practice in their classrooms [16], [25], [26]. From several research results that have been submitted, in this 

activity, researchers use a scratch program that is expected to improve computational thinking skills and 

students' problem-solving abilities in solving non-routine questions. 

Increasing skills in using technology for students such as pandemic, but cognitively invisible. 

Therefore, this research provides a color difference in learning, especially mathematics with integrated 

technology, which uses the concept of CT thinking to improve the ability to solve problems. So, in this study, 

we analyze how student activities when learning to use technology in solving mathematical problems. 
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2. RESEARCH METHOD 

2.1.  Method and subject 

This study uses a mixed method, using an exploratory sequential design, namely data collection 

begins with qualitative and then continues with quantitative data [27]. An exploratory research approach 

produces inductively derived generalizations about the group, process, activity, or situation under study. 

Next, these generalizations are assembled into a basic theory that explains the object of study [28]. This study 

was conducted on 132 students of eighth-grade of junior high school in Kuningan, Indonesia. Implemented 

post-pandemic, with due observance of health protocols. Interventions are limited class grouping. The data in 

this study were in the form of answer sheets for students' problem-solving ability tests in written form, which 

were analyzed using scoring guidelines with basic concepts of CT. Research instruments were in the form of 

CT ability test questions, observation sheets in videos, and interview guidelines in the form of audio. 

Interviews are used to explore processes that require clarity from test answer sheets and visible observations. 

 

2.2.  Data collection 

The data in this study were in the form of answer sheets for students' problem-solving ability tests in 

written form, which were analyzed using an assessment guide with the basic concepts of CT. Observation 

data, and interview data. The research instruments were in the form of problem-solving ability test questions, 

observation sheets in the form of videos and field notes, and interview guidelines in audio form. Interviews 

are used to explore processes that require clarity from test answer sheets and visible observations. 

 

2.3.  Analyzing data 

Researchers observed student activities during learning with the assistance of field observers. 

Activity notes were created, and student portfolios were collected. Debriefing sessions were conducted, and 

individual math problem-solving ability tests were also given before and after some activities. Student 

involvement was measured using a nominal data scale converted into interval data using the Method of 

Success (MSI) calculation. Qualitative data analysis began with organizing, annotating, and describing. For 

quantitative analysis using the SPSS version 22 program, data were collected from the results of student 

observations during learning when using the Scratch program, and also from students’ problem-solving 

ability tests. 

The research process was carried out in three stages. The first stage was an initial ability test. Then 

an intervention was carried out to see student activities when learning using the Scratch program and solving 

problems with the CT approach. Furthermore, an in-depth analysis of the activities was carried out by 

students. The triangulation stage was conducted through in-depth interviews to provide information from the 

test documents and visible observations. Statistical tests were conducted to see the success of activities and 

abilities before and after the intervention. 

 

 

3. RESULTS AND DISCUSSION 

3.1.  Results 

The research process began with testing the initial problem-solving ability of the sample to be 

studied. This activity was carried out to measure how the ability before doing computational thinking 

activities. From the initial test results, the minimum student score was 9, and the maximum student score was 

25. After conducting the initial test, learning activities were carried out with the CT approach. In teaching, 

the teacher provided knowledge about using the Scratch program and giving non-routine questions. The 

teacher hopes that by continuing to practice making simple calculation programs, computing thinking will be 

built. Students were made accustomed to thinking in abstraction, algorithm, decomposition, or re-examining. 

At the initial meeting, students were given exercises to recognize the buttons on the Starch program. 

Students were introduced to think abstractly from the problems given by the teacher. In this study, students 

were given problems about numbers in the material of sequences and series. The computer screen display is 

shown by Figure 1. The teacher paid attention to student activities to make simple programs, and this was 

meant to explore students’ computational thinking processes to solve mathematical problems. Student 

activities are shown in Figure 1. 

The first meeting did not explore computational thinking much, and students were explained how to 

understand the function of the buttons available from the Scratch program. From the first meeting, the 

students were enthusiastic to try out what they just knew. However, at the end of the activity, students were 

given the task of making a simple calculator, i.e., making multiplication, addition, division, and subtraction 

on number operations. 
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Figure 1. Examples of student activity while operating the Scratch button 

 

 

The second meeting began by exploring the tasks that had been given in the first meeting. Students 

were asked the question, “Marcel bought a ballpoint pen and three pencils. How many items did Marcel buy? 

Make a mathematical sentence from the statement.” Almost all students think into a mathematical sentence in 

symbols, for example, a pencil and a pen. According to epistemology, this process is called abstraction. The 

occurrence of abstraction goes from an unstructured abstraction to a developing abstraction [29].  

The increase in activities carried out by students is increasingly visible abstraction thinking begins 

to run. Students start the process of thinking from what they imagine into a symbol. During the activity of 

making a simple calculation, students repeat their previous learning. This iteration process or algorithm 

begins with reading, understanding, conveying to the brain, then proceeding to develop thoughts poured into 

the writing they make through scribbles on the computer. The thinking activity carried out by students is an 

abstraction process, while the result of the process is an image that is thought to be a concept. The process of 

abstraction is an activity, while the result of the abstraction is a concept [30]. Figure 2 shows the examples of 

student activities when they began to think computationally. 

 

 

  
 

Figure 2. Examples of student’s scribble during abstraction thinking and algorithm thinking 

 

 

At the next stage, students made plans to solve problems with a step-by-step thinking process. This 

process in computational thinking is called algorithmic thinking. Algorithmic views in life are valuable 

because they involve many important activities by following simple and separate steps [8], [29], [31], [32]. 

The algorithm is a skill to design a series of operations involving a regular sequence of steps in solving a 

problem or completing a task using computational operations. However, few students also experienced errors 

when making a simple calculation, as shown in Figure 2. 

In the third meeting, the teacher gave problems about number lines and series. In the first stage, the 

students were given the activity of making a simple calculation for the nth term, i.e., making simple 

operations using Scratch, 𝑈𝑛 = 𝑎 + (𝑛 − 1)𝑏, then they were given a math problem. Students were getting 

used to using the Scratch program. Students were trained to think computationally to solve number series 

Translate: 

a pen=x; a pencil=y 
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problems. From the results of the test answers, the mindset of students can be observed. Then, to verify 

whether what they were doing was correct, students used a simple calculation that they have made. The 

following is an example of a student's answer in solving mathematical problems by CT. 

 

 

 

Translation: 

In a theatre, there are 30 seats in the first row, 36 

seats in the second row, 42 seats in the third row, and 

so on, where the number of subsequent seats always 

increases by six seats from the previous row. 

Determine the number of seats in the 16th row. 

 

Arithmetic: 𝑏 = 36 − 30 = 6;  𝑎 = 30;  𝑢 = 16. 
answer: 

 𝑈𝑛 = 𝑎 + (𝑛 − 1)𝑏  

 𝑈16 = 30 + (16 − 1)6 

 𝑈16 = 30 + (15 × 6) = 120 𝑐ℎ𝑎𝑖𝑟s 

 

Figure 3. Examples of student problem-solving skills test results 

 

 

Students used the problem-solving stage when solving problems, as expressed according to Polya 

[33] through the stages of understanding the problem, making plans, implementing plans, and looking back. 

In line with the stages of problem-solving from Krulik and Rudnick [34], several stages of reading problems, 

exploring problems, choosing strategies, solving problems, and reviewing were revealed. Meanwhile, 

according to Dewey, the problem-solving step begins with facing the problem, defining it, finding solutions, 

conjecturing consequences, and finally testing the consequences. 

In the first stage of problem-solving, students were trained continuously to carry out the abstraction 

thinking process, where the result of the process was an image that was thought to be a concept. Suggested 

that the abstraction process is an activity, while the result of the abstraction is a concept. Figure 3 shows the 

abstraction process of students when writing b=6, a=30, and U=16 here. There was a slight error when 

writing U=16. It should be n=16 or the 16th order. From here, data in the form of interviews were taken, one 

of the students stated that “I symbolize the first order with a=30, then from the second-order minus the first 

order, it produces a difference. I symbolize it with b=36-30, then b=6 and U=16 means the sixteenth order.” 

The presentation provides information that students have carried out an abstraction thinking process. The 

result of the process was a picture of what they were thinking with the result of a symbol that defines the 

problem given. 

The second stage in problem-solving was making plans, exploring problems, and defining problems. 

Although it is a little different, the goal was to explore students to compile problems, and accidentally 

students have done decomposition thinking. The thinking process divided big problems into small problems 

in order to facilitate the thinking process. The concept of computational thinking was called decomposition. 

Decomposition can break down complex tasks (problems) into smaller more detailed tasks [35]. Not only 

seen in the test answers, in the activity of making simple calculations, students also began to collect buttons 

and which operations would be used to make sequence formulas on number series material.  

In the third stage in problem-solving, students must solve problems. In this stage, students were 

already moving in the process of providing stages to solve problems. This coincides with the concept of 

computational thinking. Students begin to think step by step. This process is usually called algorithmic 

thinking. Algorithms in life are considered very important because this process involves many activities by 

following simple and separate steps [36]. An algorithm is a skill to design a series of operations involving the 

use of a sequence of steps regularly in solving problems or completing tasks, using calculation operations if 

seen from Figure 3 this process is at the time of compiling calculations from the formula Un=a+(n-1)b=30 

+(16-1)6=120 in the 16th with 120 seats. 

The final stage was reviewing. The teacher reviewed students trying calculation activities with the 

help of the Scratch they made. Activities carried out after the abstraction process using symbols and known 

values were substituted in the program. When there was an input command for the first term, students entered 

the number 30. The next command inputs different values because previously, they had gone through the 

stages of abstraction and decomposition thinking. Students entered the number 6, then entered the requested 

sequence. The student entered the number 16, then the program proceeded, and the answer showed 120. 
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Students’ activities when answering math problems were included in the answers. Students carried 

out computational thinking processes through analysis. It seemed like abstract thinking, do algorithm when 

making steps, doing decomposition thinking, and getting to the stage of re-examining the Scratch program 

that they made as a calculating tool in verifying the answers they found. The findings show that the mean 

learning activity scores varied for the four sub-indicators, ranging from 1.00 to 5.00. A standard deviation of 

3.50 indicates adequate variability across all sub-indicators. This value indicates that students' activities to 

carry out these tasks vary. Students were very enthusiastic about participating in activities. The previous 

nominal scale data was changed using the MSI formula into interval data. 

In general, students could solve problems given by using the concept of computational thinking. The 

average percentage of computational thinking during learning using the scratch program was 34.57 at the first 

meeting; the activities carried out are still easy, and the introduction of scratch buttons. In the second 

meeting, the average decreased to 31.34 because the level of difficulty increased. However, the third meeting 

increased again at 33.09 because the teacher reminded the students from beginning to end. Students took the 

initial and final tests of problem-solving abilities. Both tests were used to measure problem-solving skills 

with computational thinking. Furthermore, to determine the effect of the intervention given through activities 

during learning activities using the Scratch program on problem-solving abilities, statistical analysis was 

carried out on student scores before and after the intervention. The previous nominal scale data was changed 

using the MSI formula into interval data. A comparative test using SPSS version 22 showed that group of 

data was normally distributed. A comparative test showed that one group of data was normally distributed. 

Kolmogorov Smirnov normality test showed that the students' scores were normally distributed p>0.05; The 

test homogeneity p>0.05 were data homogeny.  

The analysis was continued using the one-way ANOVA with the findings that there were significant 

differences in each meeting with a value of sig=0.000 with F value 21.47>Ftabel(2,85). The post hoc test showed 

there was no significant difference from the first to the third activity. From the observations, the first meeting 

was still introducing scratch buttons, the second meeting activity looked a little complicated for 14-year-old 

students, continued at the third meeting, the students were familiar with buttons and commands to continue to 

think computationally. For the accuracy of the data, the researcher got a statement from the interview results 

of one of the subjects, “at the first meeting we were easy to follow the learning, the second meeting we had to 

think hard to get the formula to be used, at the third meeting we were used to using this program.” To see the 

success of the learning activity intervention, the researcher continued on the problem-solving ability test 

before and after the intervention. 

The average problem-solving ability of students after the intervention 83.22, was higher than the 

problem-solving ability before the intervention 15.41. Standard deviation 4.858 and 4.528 shows adequate 

variability across all variable. Then the repaired test was carried out. The t-test was used to analyze the data 

further paired sample t-test. The results of the t-test showed a significant difference (p<0.05) between 

students' problem-solving abilities before and after the intervention. Students' activities also influence 

students' mathematical problem-solving abilities in learning using Scratch. Next, do a test analysis of the 

influence of students' computational thinking activities with problem solving abilities. The results of the 

regression test showed that there was a significant positive effect (p<0.05) on student activity (x) on 

mathematical problem-solving skills using the concept of students’ computational thinking (y). This 

relationship is shown by the regression equation Y=3,671+1,662X. The value of the coefficient of the 

independent variable is positive. Every time there is an increase in the activity of each 1 unit, it will increase 

the ability to solve mathematical problems by thinking computationally by the number of coefficients 

multiplied by the respective independent variable units. Student activities contributed 52.3%. This shows that 

learning activities with CT activities through the implementation of the Scratch program have succeeded in 

influencing mathematical problem-solving abilities. 

 

3.2.  Discussion 

Class VIII students of the subjects selected in this study have already carried out learning activities 

using the Scratch program. The activity shown by the participants is seen when carrying out the abstraction 

process, the way of thinking is poured by giving symbols. In the activities carried out during the manufacture 

of simple calculations and thinking activities that were reflected in answering questions, students created and 

projected their abilities on a new concept, i.e., changing the problems they read into mathematical symbols. 

Piaget put forward the concept of reflective abstraction based on the coordination of relations and object 

operations. The reflective abstraction proposed by Piaget [37], which focuses on ideas about action and 

operation, is the same, i.e., abstraction does not use the sensory-motor or material objects. According to 

Glasersfeld [38], reflective abstraction refers to the subject's ability to project and reorganize the structure 

created from the subject's activities and interpretations to a new level.  
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In the first stage in planning problem solving, all participants carried out procedural activities 

starting from reading, understanding the problem, and then pouring it into a mathematical symbol. At the 

secondary school level, it is included in the category of abstraction that is a reflective structural abstraction as 

thinking that develops through awareness from a different point of view from the faced problem [39]. In this 

abstraction, students can demonstrate the ability to anticipate the results of problem-solving and provide 

arguments for their decisions. Students are able to reflect on the decisions obtained for the next activity. They 

are also able to symbolize clearly to arrive at the final destination. 

The second stage was compiling the problems they face. Participants carry out step-by-step 

activities for the flow of thoughts to solve problems. This activity is called algorithmic thinking [4], [5]. In 

line with the opinion of Sys aspects of algorithmic thinking in computational thinking are key competencies 

to be mastered at the high school level and academic informatics and ICT studies [36]. Algorithms are skills 

to string together a series of operations or actions step by step to solve problems. Participants also think about 

turning big problems into small problems. This is what they do when solving problems, and this thinking is 

called decomposition [40]. In the stages of re-examining activities, from the results of observations, it was 

seen that students tried the simple calculations made to ensure that they were appropriate or not from the 

answers to the problem-solving abilities they were doing by utilizing technology. Everything that the 

participants did in the final stage means that they had carried out a method of confirming, rechecking, and 

confirming. Carry out an evaluation process from the experience of the previous stages. 

The findings show that during making a simple calculator or answering problem-solving skills, the 

subject uses the concept of computing thinking that strengthens the CT abstraction, decomposition, and 

algorithm [31]. While many researchers propose other concepts, Barr and Stephenson added automation 

thinking to the CT concept [5]. Likewise, Ioannou and Angeli added debugging and generalization [4]. 

Meanwhile, Selby added an evaluation and thought of generalization [41]. The main CT model defines 

problems, solves problems, and analyzes solutions [5], [8]. Previous research discussed learning with 

technology using scratch and aia contributing so that students significantly improve their performance the 

criteria for evaluating attitudes and knowledge in programming. However, in contrast to these research 

findings, research conducted in the field of programming [42] shows that learning uses technology. In 

particular, the scratch program significantly contributes to the ability to solve mathematical problems. 

Students feel happy, respect more learning, and have a happy attitude toward mathematics. This study 

produced that problem solving can use the computing thought approach carried out in high school students, 

slightly different from research [43] who researched the use of scratch programs in early age students. But 

both of these studies together produced fun teaching for students. 

 

 

4. CONCLUSION 

Based on the introduction, data analysis, and discussion, this study shows that learning CT through 

the Scratch program can explore CT skills. From these findings, the concept of CT can be used to solve 

problems in learning mathematics. From these findings, it can be seen that students actively learn and express 

their mathematical ideas through the thinking process they go through when making a simple calculator using 

the scratch program. This study provides recommendations for solving mathematical problems using abstract 

thinking concepts algorithms and decomposition and evaluation. Another research finding is a significant 

difference in students' problem-solving abilities before and after the intervention. Student activity through 

making a simple calculator in the scratch program contributed 52.3% to solving mathematical problems. 

The results of this study, the concepts found can be used as a reference for teachers in designing 

lesson plans, learning media, and learning strategies used to continue the CT process in solving math 

problems. In addition, for further research, it is essential to examine learning that can measure CT concept 

skills through the implementation of other mathematics programs, such as the use of the GeoGebra 

application and habituation by giving non-routine questions. 
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