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 There are few empirical research on the influence of incorporating 

computational thinking and Polya's Model in digital games on the 

academic achievement of students and the best ways for 

implementing this integration. Therefore, this quasi-experimental 

pretest and posttest non-equivalent group design research was 

aimed at determining the effect of integrating computational 

thinking and Polya’s model in Minecraft on students' fraction 

proficiency. Fifty-seven students from two intact classes were 

involved as the participants. The control group had 28 students, 

while the experimental group had 29 students. The findings 

revealed that the fraction achievement of the experimental group 

students increased as compared to students in the control group. It 

may be determined that studying fractions in Minecraft through the 

integration of computational thinking and Polya’s model had the 

best influence on student's academic progress. Thus, teachers 

should be able to incorporate it into other materials for learning 

mathematics. 

Keywords: 

Computational thinking 

Fractions  

Mathematics 

Minecraft 

Polya’s model 
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 Kajian empiris tentang pengaruh mengintegrasikan computational 

thinking dan Model Polya dalam permainan digital terhadap 

prestasi akademik siswa dan strategi terbaik untuk menerapkan 

integrasi ini masih kurang. Oleh karena itu, desain kelompok non-

ekuivalen quasi-eksperimental pretest dan posttest ini bertujuan 

untuk mengidentifikasi pengaruh mengintegrasikan computational 

thinking dan Model Polya di Minecraft terhadap prestasi siswa 

dalam pecahan. Sebanyak 57 siswa dari dua kelas utuh dilibatkan 

sebagai sampel penelitian. Kelompok kontrol terdiri dari 28 siswa 

sedangkan kelompok eksperimen terdiri dari 29 siswa. Temuan 

penelitian ini menunjukkan bahwa prestasi pecahan siswa dalam 

kelompok eksperimen meningkat dibandingkan dengan siswa 

dalam kelompok kontrol. Dapat disimpulkan bahwa pembelajaran 

pecahan melalui integrasi computational thinking dan Model Polya 

di Minecraft memiliki pengaruh yang optimal terhadap prestasi 

akademik siswa. Untuk itu disarankan kepada pendidik untuk dapat 

menggunakannya dalam pembelajaran matematika pada materi 

lainnya. 
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1. INTRODUCTION  

Various policies and initiatives have been implemented by the Ministry of Education 

of Malaysia to empower and improve the education system in the country. These efforts 

are driven by the rapid development of technology and the increasing use of information 

and communication technology (ICT) which has led to the need for the education system 

in Malaysia to be transformed and to keep pace with other developed countries. Problem-

solving skills are essential in the future, especially in facing the challenges of the Industrial 

Revolution 4.0 (IR4) [1], [2]. Problem-solving is one of the fundamental human cognitive 

processes. It is identified as a cognitive process of the brain at a higher cognitive level that 

searches for a solution for a given problem or finds a path to reach a given goal [3]. 

The Ministry of Education has implemented a transformation in education that 

involves the integration of computational thinking into the primary and secondary school 

curriculum to instill problem-solving skills among students in Malaysia. This integration 

is in line with the goal of equipping learners with the skills needed to adapt, remain 

relevant, and thrive in meeting the demands of employment in the future [4]. 

The integration of computational thinking in the teaching and learning process would 

assist in building a foundation for learners to apply a systematic problem-solving approach 

and foster higher-order thinking skills [5]-[7]. Through computational thinking, learners 

will acquire the necessary skills to organize, analyze, and present data or ideas logically 

and systematically. As a result, it will in turn help in solving complex problems 

systematically through certain techniques, such as decomposition, pattern recognition, 

abstraction, and algorithm [8]. The integration of computational thinking in the education 

setting has been applied in various fields like science, technology, engineering, and 

mathematics (STEM) education [9], [10]. Currently, STEM education has become 

increasingly vital [11], considering that the 21st-century job market is in dire need of a 

skilled workforce equipped with problem-solving skills, creativity, innovation, and team 

players [12]. STEM education is an effective way to expose learners to problem-solving 

skills through investigation and exploration. This approach allows learners to develop 

computational thinking skills from the early stages of schooling, which are essential for 

success in the 21st century [13]-[17]. 

Fractions are a fundamental concept in mathematics that is used in a wide range of 

mathematical operations and real-world applications. Having a solid conceptual 

understanding of fractions is important for many areas of mathematics, including 

arithmetic, algebra [18], and geometry. Fractions allow learners to represent and compare 

quantities that are not whole numbers, and are key tools for understanding and solving 

problems involving fractions in real life such as ratios, rates, and decimals [19]-[22]. 

However, most learners in Malaysia struggle to understand and master the concepts 

of fractions despite having been exposed to the topic since their early primary years, thus 

impacting learners' achievement in mathematics. This statement is based on Malaysia’s 

unsatisfactory results in the Trends in Mathematics and Science Studies (TIMSS) 

assessment that involves fractions [19], [23]. Table 1 shows Malaysia's average score in 

mathematics in TIMSS 2019. Based on the table, the average score obtained by Malaysia 

is below the international average score of 500. Concerning Table 2, the average score 

obtained by Malaysia shows that the achievement of Malaysian learners is clearly at an 

unsatisfactory level. 
 

Table 1. Malaysia’s Position Based on Mathematics Achievement in TIMSS 2019 [23] 

Year   Average score Position 

2019 461 26 out of 36 countries 
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Table 2. Level of International Benchmark and Average Score [23] 

Benchmark Average score 

Advanced 625 

High 550 

Intermediate 475 

Low 400 

 

The TIMSS mathematics assessment framework for 4th grade, which are fifth-year 

students in Malaysia, consists of 2 dimensions: the content and the cognitive domains. The 

content domain is a body of knowledge, skills, or abilities being measured in a study, 

experiment, or test. On the other hand, the cognitive domain refers to intellectual skills, 

such as critical thinking, problem-solving, and creating a knowledge base. Table 3 depicts 

that fractions are among the topic tested in the assessment, which indicates the importance 

of fractions in the assessment. 
 

Table 3. The Percentage of Questions Allocated for Each Topic at 4th Grade in TIMSS 2019 [23] 

Content Domain Topic Percentage Total Percentage 

Number Integer 10% 30% 

Fractions and decimals 10% 

Ratio, percentage, and proportion 10% 

Algebra Expressions, operations, equations 20% 30% 

Relation and function 10% 

Geometry Geometric shapes and measurements 20% 20% 

Data and Probability Data 15% 20% 

Probability 5% 

 

One of the major obstacles which contributed to Malaysia’s unsatisfactory level of 

achievement in fractions is a misconception about fractions, which is also known as whole 

number bias. Whole number bias is defined as the tendency to focus on the whole number 

components of fractions (numerators and denominators) rather than fractions as a single 

number [24]-[26]. This misconception has led students to generalize the concepts of whole 

numbers to that of fractions; thus, resulting in learners solving the addition and subtraction 

of fractions by directly adding or subtracting the numerator with the numerator and the 

denominator with the denominator [21], [27]-[29]. They assumed that the numerator and 

denominator are two separate whole numbers instead of two numbers that are related to 

each other [30]. This issue indicates that learners had difficulties in the conceptual 

understanding of fractions. 

To overcome this obstacle, proper methods and approaches should be emphasized 

and applied in the teaching and learning process since learners' academic achievement is 

often linked to the effectiveness of the methods and approaches practiced by teachers [31]. 

Therefore, taking into account that previous studies have proven the impact of ICT in 

teaching and learning, the use of digital games, particularly Minecraft, in the teaching and 

learning of fractions needs to be implemented to further strengthen the conceptual 

understanding of fractions among learners which in turn would assists in fractional 

problem-solving. Furthermore, there is a need to integrate computational thinking, 

particularly the concept of decomposition, in lessons that involve the use of digital games 

or also known as digital game-based learning. The integration of computational thinking 

with digital game-based learning is defined as the application of computational thinking 

concepts which includes decomposition, pattern recognition, abstraction, and algorithm 

[32] in the teaching and learning process which involves the use of digital games. 

Integrating the concept of decomposition with digital game-based learning would provide 

a step-by-step guide among learners on how to solve problems [32] which in this case 
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guides learners on how to systematically solve fractional problems using Minecraft. To 

enable learners to have a clear procedure on how to systematically solve fractional 

problems using decomposition, reference was made to Polya’s model. Based on the model, 

[33] suggested four steps on how to systematically and effectively solve problems: 

understand the problem, devise a plan, carry out the plan, and look back and reflect.  

Empirical findings regarding the effect of integrating computational thinking, which 

involves the concept of decomposition, with Polya’s model in digital games on learners' 

achievement in fractions are still lacking. Therefore, this research aims to identify the 

effect of integrating computation thinking with Polya’s model in Minecraft on Year 5 

students’ achievement in fractions. 

Several studies on computational thinking have been carried out including 

computational thinking for problem-solving and higher order thinking skills [34], 

integrating computational thinking into STEAM to improve metacognitive [9], digital 

game-based learning has also been carried out including game-based learning with 

Minecraft [35], game-based learning with Minecraft on student achievement [36] but there 

has been no research that integrates computational thinking with the Polya’s model in 

Minecraft games on learning achievement, this is a novelty in this research. 

Therefore, the purpose of conducting this research is to integrate computational 

thinking with the models that have been prepared by Polya and the Minecraft game to 

become a stimulus in improving students' abilities, so that this learning is expected to be 

able to increase learning achievement. Different from previous research which did not 

integrate computational thinking with games, this research has a novelty in the form of 

using the game Minecraft in computational thinking. 

 

3.      METHOD 

A quasi-experimental pretest and posttest non-equivalent group design was 

employed in this research. This research was conducted in a primary school in the 

Keningau district in the state of Sabah. The study population involved 57 fifth-year 

students in two intact classes. The researchers implemented cluster sampling to determine 

the samples. Twenty-eight students were selected as the control group while another 

twenty-nine students were selected as the treatment group. The control group was exposed 

to the teaching and learning of fractions using conventional methods while the treatment 

group was exposed to the teaching and learning of fractions using Minecraft which was 

integrated with computational thinking and Polya’s model. The selection of fifth-year 

students as the study sample is to meet the criteria commonly used in the TIMSS 

assessment where the age of the study samples is within the range of 11 years old.  

The pretest and posttest were used as instruments. The pretest was made up of 15 

restricted response items developed based on the test specification table which involved 

the topic of fractions and was administered to identify students’ prior knowledge of 

fractions. The posttest was administered to identify whether there was an increase in 

achievement among students after being exposed to the intervention. The same items were 

used for both instruments to ensure equal comparisons. Through a pilot test, the reliability 

of the pretest was determined using Cohen Kappa analysis based on the level of agreement 

between raters or also known as inter-rater agreement. Cohen Kappa analysis was 

performed to obtain a value that would show the degree of agreement between the raters 

[37] in giving marks to each item in the pretest. Table 4 shows the interpretation of the 

degree of agreement between raters based on the Cohen Kappa analysis while Table 5 

shows the pretest reliability based on the Cohen Kappa index value. Based on Table 5, 

items in the pretest show a high-reliability value. Face validation and content validation as 
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also carried out to ensure the accuracy and clarity of the items as well as to ensure the items 

were representative of the construct. 
 

Table 4. Cohen Kappa Interpretation [38] 

Cohen Kappa Value Index Level of Agreement 

0 – .20 

.21 – .39 

.40 – .59 

.60 – .79 

.80 – .90 

None 

Minimal 

Weak 

Moderate 

Strong 

.90 – 1.00 Almost perfect 

                                
Table 5. Pre-test Reliability Based on Cohen Kappa Value Index [38] 

      Questions      Cohen Kappa Value Level of Agreement 

1 0.932 Almost perfect 

2 0.948 Almost perfect 

3 0.950 Almost perfect 

4 0.895 Strong 

5 0.895 Strong 

6 0.944 Almost perfect 

7 0.862 Strong 

8 0.927 Almost perfect 

9 0.938 Almost perfect 

10 1.000 Almost perfect 

11 0.925 Almost perfect 

12 0.918 Almost perfect 

13 1.000 Almost perfect 

14 0.907 Almost perfect 

15 0.912 Almost perfect 

                      

The study was carried out for seven weeks. Before the implementation of the study, 

the mathematics teacher involved in conducting the teaching and learning sessions using 

Minecraft were briefed and trained regarding the administration of the pretest, posttest, and 

the use of Minecraft. Discussions were also carried out between the teacher involved and 

the researcher regarding the concepts of computational thinking and Polya’s model as well 

as how these two concepts will be integrated into Minecraft in solving fractional problems. 

The pretest was administered in the first week while the posttest was administered in the 

seventh week. The teaching and learning of fractions were held for five weeks starting 

from the second week until the sixth week. Lessons in the treatment group would involve 

the use of Minecraft which has been integrated with computational thinking and Polya’s 

model while lessons in the control group would involve the use of conventional methods. 

Efforts were made by the researcher to control several external variables that may exert 

some influence on the dependent variable in the study [39]. The external variables include 

selection bias, history, experimenter effect, Hawthorne effect, testing effect, and situation 

effect. 

Data were analyzed using inferential statistics which involves the dependent samples 

t-test and independent samples t-test. The dependent samples t-test was used to determine 

if there was a significant difference in the posttest mean achievement score among students 

in the control group and students in the treatment group. The independent samples t-test 

was used to determine if there was a significant difference in the posttest mean 

achievement score between students in the control group and students in the treatment 

group. 
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4.      RESULTS AND DISCUSSION 

The Shapiro-Wilk statistical test was performed to test the normality of the pretest 

and posttest data of the control group and the treatment group to determine whether 

parametric or non-parametric statistics would be used to analyze the data. Based on the 

analysis of the normality test of the control group, the value of .08 and the value of the 

post-test of .07 were obtained. Since both values were greater than the significance value 

of .05, the pretest and posttest data of the control group are normally distributed, thus 

parametric statistics were selected to analyze the data. Based on the analysis of the 

normality test of the treatment group, the value obtained was .08 with the value of the 

posttest was .06. Since both values were greater than the significance value of .65, the 

pretest and posttest data of the treatment group were normally distributed, thus parametric 

statistics were selected to analyze the data.   

Next, a hypothesis test was performed regarding the effect of integrating 

computational thinking with Polya’s model in Minecraft on learners’ achievement in 

fractions through the following hypothesis. 

H01:  There is no significant difference between the pretest and posttest mean achievement 

scores in the control group 

Table 6 shows that the p-value is .19, which is greater than the significance level of .05. 

Therefore, the null hypothesis fails to be rejected. It means that there is no significant 

difference between the pretest mean achievement score and the posttest mean achievement 

score for the control group (t(34) = -1.34, p = .19). This finding indicates that conventional 

methods of teaching and learning fractions have had limited success in improving students’ 

achievement scores. 
 

Table 6. The Comparison of the Pre-Test and Post-Test Mean Achievement Score for the Control Group 

 N Mean 
Standard 

Deviation 

Mean 

Difference 
t-value df 

Sig. 

(2-tailed) 

Pretest score  

Posttest score 
28 

6.03 2.76 
-.17 -1.34 34 .19 

6.20 2.79 

  Significant at p < .05 

 

H02: There is no significant difference between the pretest and posttest mean achievement 

scores in the treatment group 

Based on Table 7, p = .00 is less than the significance level of .05. Therefore, the null 

hypothesis is rejected. There is a significant difference between the pretest mean 

achievement score and the posttest mean achievement score for the treatment group (t(30) 

= -4.04, p = .00). This indicates that the use of Minecraft in the teaching and learning of 

fractions, combined with computational thinking and the Polya’s model, has resulted in 

improved achievement scores among students.  
 

Table 7. The Comparison of the Pre-Test and Post-Test Mean Achievement Score for the Control Group 

 N Mean 
Standard 

Deviation 

Mean 

Difference 
t-value df 

Sig. 

(2-tailed) 

Pretest score  

Posttest score 
29 

6.93 3.15 
-1.87 -4.04 30 .00 

8.80 2.76 

  Significant at p < .05 

 

H03: There is no significant difference between the posttest mean achievement score for 

the control group and the posttest mean achievement score for the treatment group 

Levene's test for equality of variances in Table 9 which was not significant (p = .78 > .05) 

showed that both the control group and the treatment group have equal variances. The null 
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hypothesis fails to be rejected, so the results of the t-test for the mean comparison of the 

two groups of independent samples that have the same variance are considered (equal 

variances assumed). Based on Table 9, p = .00 is less than the .05 significance level. 

Therefore, the null hypothesis is rejected. There is a significant difference between the 

post-test mean achievement score of the control group and the post-test mean achievement 

score of the treatment group (t(63) = -3.60, p = .00). This indicates that the use of 

Minecraft, combined with computational thinking and the Polya’s model, has been 

effective in improving students’ achievement scores in fractions. The higher posttest mean 

achievement score of the treatment group, compared to the control group, provides 

evidence that this approach has had a positive impact on students’ learning outcomes. 
 

Table 8. The Comparison of the Post-Test Mean Achievement Score between the Control Group and the 

Treatment Group 

 Group N Mean 
Standard 

Deviation 

Standard Error of the 

Mean 

Posttest score 
Treatment group 

Control group 

28 

29 

6.20 

8.80 

2.79 

2.77 

3.11 

3.09 

       
Table 9. Independent Sample Test 

 

Levene's 

Test for 

Equality of 

Variances 

t-test for Equality of Means 

F Sig. t df 
Sig. (2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Posttest 

marks 

Equal 

variances 

assumed 

.07 .78 

-3.60 

 

 

-3.61 

63 

 

 

62.89 

.00 

 

 

.00 

-15.86 

 

 

-15.86 

4.40 

 

 

4.39 

-24.66 

 

 

-24.64 

-7.06 

 

 

-7.08 Equal 

variances 

not 

assumed 

Significant at p < .05 

 

The findings of the study have proven the positive impact of incorporating 

computational thinking and Polya’s model into a Minecraft-based approach in the teaching 

and learning of fractions. The significant improvement in the posttest achievement scores 

of the treatment group compared to the control group provides evidence of the 

effectiveness of this approach. This is in line with previous studies by [40]-[42] which 

emphasize the importance of integrating computational thinking into the teaching and 

learning environment to improve students’ problem-solving skills. 

On how this approach can improve problem-solving skills among students, 

particularly in regards to fractions, this research found that the integration of computational 

thinking, specifically the concept of decomposition, and Polya’s model into a Minecraft-

based approach to the teaching and learning of fractions have helped students to solve 

fractional problems more systematically and effectively. By constructing and manipulating 

fraction models in Minecraft, students were able to gain a clearer view understanding of 

the value of fractions, which helped strengthen their conceptual understanding of fractions 

[36]. Additionally, the integration of Polya’s model provided students with a structured 

problem-solving process that breaks down complex problems into four steps [33].   
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The use of digital games, such as Minecraft, has been proven through this research 

to be an effective way to introduce computational thinking skills to students [43]. 

Furthermore, the use of Minecraft in the teaching and learning of fractions allows for 

hands-on problem-solving activities, which have several benefits for students learning. 

Hands-on activities provide students with real learning experiences regarding a concept, 

skill, or idea and allow students to better understand the concept, skill, or idea [44], [45]. 

In addition to providing a more realistic and interesting learning experience [46], [47]. 

Hands-on activities are also capable of triggering students’ curiosity, thus encouraging 

students to conduct investigations and explorations when carrying out those activities [48] 

as well as improving students’ skills in the subject. Additionally, hands-on activities allow 

students to form new knowledge and relate it to existing knowledge, which can provide a 

more comprehensive understanding of mathematical concepts [49], [50].  

The use of Minecraft in activities involving mathematics has improved the 

effectiveness of the teaching and learning of mathematics by providing a visually 

stimulating and interactive platform for students to learn mathematical concepts [51], [52]. 

The ability to manipulate virtual blocks in Minecraft to build fractions and solve problems 

has made abstract concepts of fractions more accessible and tangible for students, which 

has improved their understanding and retention of information regarding fractions. 

Furthermore, this research has emphasized the need to provide digital-oriented teaching 

materials to support students’ problem-solving skills [53], [54]. With the increasing 

reliance on technology in almost all aspects of our lives, students must develop digital 

literacy skills early on in their education. 

 

5.       CONCLUSION 

 By providing a structured approach to problem-solving and by implementing 

Polya’s model, computational thinking has the potential to improve students' problem-

solving skills. As a plus, the integration of Polya’s model with computational thinking in 

Minecraft will enhance the problem-solving process by empowering students to break 

down complex problems into smaller parts and find effective and systematic solutions. 

This combination of computation thinking and Polya’s model can help students develop a 

more comprehensive and systematic approach to solving problems. 
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