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In the current digital era, critical thinking and problem-solving skills are 
becoming increasingly important in everyday life, especially in the 
industrial era 4.0. One way to develop this ability is to use computational 
Thinking methods (CT). This research aims to test the effect of direct 
instruction strategy, integrated computational thinking, and prior 
knowledge on elementary schools' critical thinking and problem-solving 
skills in Heat and Changes in Science. The method used in this research is 
a quasi-experimental pretest-posttest non-equivalent control group design. 
This research was conducted at Madrasah Ibtidyah Ar-Rahmah Samarinda, 
involving 58 research subjects. The research instrument includes a prior 
knowledge test and critical thinking and problem-solving skills. To test the 
prerequisites for analysis using the normality test and homogeneity. Data 
analysis was used to test the research hypothesis using parametric statistics 
Tow Way MANOVA analysis technique. The research results show that 
(1) There are significant differences in critical thinking skills between 
groups of students who use computational learning and direct learning 
methods instructions; (2) critical thinking skills between groups of students 
with high prior knowledge are significantly from low prior knowledge; (3) 
There is no interaction between computational thinking and prior 
knowledge on students' critical thinking skills; (4) There are significant 
differences in problem-solving skills between groups of students who use 
computational learning and direct learning instructions; (5) The problem-
solving skills of students with high prior knowledge is significantly 
different with low prior knowledge; (6) There is interaction between 
computational thinking and prior knowledge on students' problem-solving 
skills. 
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INTRODUCTION 
 

In the 21st century, students must have skills that can make them successful. 
Essential skills in the 21st century that relate to the four pillars of life, namely: to 
know, to do, to be, and to live. These four principles include specific skills that must 
be strengthened in learning activities: critical thinking, problem-solving, 
metacognition, communication, collaboration, innovation and creation, information 
literacy, and many other skills (Aliftika et al., 2019). 

Van Laar et al. (2020) stated that critical thinking and problem-solving skills 
are essential for developing 21st-century citizenship. Problem-solving skills are 
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very much needed to develop students' abilities. Problem-solving combines various 
concepts, rules, or formulas to solve a problem (Dörner & Funke, 2017). According 
to Greenstein (2012), the steps in solving problems are formulating the problem, 
brainstorming, drawing up a plan, implementing the plan, and evaluating the results. 

Problem-solving is an essential ability students need (Chamı̇dy et al., 2020). 
Problem-solving skills encourage students to make correct, careful, methodical, 
logical, and well-thought-out decisions from various perspectives (Güner & Erbay, 
2021). Problem-solving skills enable students to use higher-order thinking skills 
(Sagala & Andriani, 2019). Higher-order thinking skills can help students face daily 
challenges (Darmayanti et al., 2022; Sepriyanti et al., 2022). Higher-order thinking 
skills have several components, including critical and creative thinking abilities 
(Nurhatmanti et al., 2021). 

Critical thinking skills are part of logical and systematic thinking skills. 
Critical thinking skills are needed for college graduates to work (Al-Zou’bi, 2021). 
However, the fact is that students' critical thinking in Indonesia is still relatively 
low (Ramadhani* et al., 2023; Saphira & Prahani, 2022). One of the reasons for the 
low critical thinking skills is based on students' worksheets who can express the 
results of arguments in their assignment sheets because their knowledge is limited 
in critical thinking concepts and approaches (Depari et al., 2021). 

Effective learning emphasizes learning as a personal process where students 
accumulate knowledge and experience (Darling-Hammond et al., 2020)). Each 
student gathers personal knowledge and experience by interacting with their 
environment. Learning is seen as constructing knowledge from concrete 
experiences and collaborative, reflective, and interpretive activities (Holmes et al., 
2022). Education is a learning process where students receive and understand 
knowledge as part of themselves. In the learning process, students not only hear the 
teacher deliver the material and write it down during the exam but must be actively 
involved in the learning process. 

The choice of learning methods must be made carefully so that student 
learning outcomes are the determined learning outcomes. In addition, different prior 
knowledge will cause teachers to vary their material delivery so that all students 
achieve competence and develop higher reasoning abilities and an independent 
attitude. One of the abilities humans need in the 21st century is thinking critically 
and solving increasingly large and complex problems with computational thinking 
strategies. 

A computational thinking approach is needed, considering that problem-
solving skills are required to solve life's problems. Computational thinking does not 
have to be associated with computers, but humans must also be able to think 
computationally (Aranda & Ferguson, 2022). Therefore, computational thinking is 
a process that involves formulating problems and expressing solutions so that 
computers (human or machine) can work effectively. Computational 
implementation thinking can be incorporated into several tasks related to material 
analysis, identifying questions that can be answered based on knowledge of a given 
problem. Sometimes, too much or too little information is collected. Therefore, 
students learn to recognize patterns to obtain accurate information. In addition, 
students understand that data representation is significant in solving the problems 



Maulidah, et.al.  / Jurnal Teknologi Pendidikan 25 (3), 663-677 

- 665 - 

they face (Chan, 2020). Computational thinking can be practiced in elementary 
school subjects, such as science. 

A study by John Lemay et al. (2021) argues that computational thinking is a 
new way to solve problems. His research is supported by (Limbong et al., 2023), 
who explains that computational thinking applies broad strategies to solve complex 
problems. Algorithmic thinking, decomposition, abstraction, and logic are the 
foundations of computational thinking that can guide students in solving complex 
problems. Thus, his research can conclude that applying computational thinking 
can improve students' critical thinking (Kawuri et al., 2019). Other research 
conducted by (Angraini et al., 2022) shows increased learning outcomes using 
computational thinking methods. This indicates that the computational thinking 
method significantly influences students' thinking abilities, especially in solving 
algorithm problems (Huang & Looi, 2021). 

Based on the problems above, researchers are interested in studying and 
analyzing the influence of computational thinking methods and prior knowledge on 
critical thinking and problem-solving skills. 
 
 
METHODS 
 

The approach used in this study is quantitative. Because this kind of research 
aims to measure the influence of Direct Instruction strategies and initial abilities on 
two dependent variables: critical thinking skills and problem solving. The 
quantitative approach in this study allows researchers to objectively measure the 
results of the application of learning strategies and integration of computational 
thinking. Analyzing numerical data using statistical techniques to see the 
relationship and influence between variables and conducting hypothesis tests to 
determine whether Direct Instruction strategies and initial abilities have a 
significant effect on critical thinking skills and problem solving. 

The research design used was a quasi-experimental non-equivalent control 
group. The research population was all fifth-grade students at Madrasah Ibtidaiyah 
Ar-Rahmah, with the sample determined using a purposive random sampling 
technique, namely determining classes based on considering the abilities of the 
same students. Based on the technique, it was found that the VA class was a control 
class with Direct Instruction learning, and the VB class was an experimental class 
with direct instructional and computational thinking. 

Independent variables cause or influence, namely factors that researchers 
measure, manipulate, or select to determine the relationship between observed 
phenomena (Tuckman, 1999). The independent variable is two learning strategies: 
direct and moderator variables, which are high and low prior knowledge. 
Meanwhile, the dependent variable is critical thinking and problem-solving skills. 

The collection technique used is a test. The test is used to measure problem-
solving skills before and after treatment, and it was developed based on problem-
solving indicators, according to Polya. This test is a partial essay, or each question 
represents an indicator of problem-solving. The research technique is a multivariate 
analysis of variance (Manova), which is two paths. According to Tuckman (1999), 
variance analysis allows researchers to determine the simultaneous influence of 
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several independent variables. 
 

 
Figure 1. Conceptual Relationships Between Research Variables 

 
 
RESULTS & DISCUSSION 
 
Normality and Homogeneity Test 

Refer to Table 1. The results of calculating the probability value of the Test 
of Normality Kolmogorov-Smirnov can be summed up as follows: 

The Kolmogorove-Smirnov test shows that students' critical thinking scores 
and problem-solving skills in the group of students taught using computational 
methods, thinking, direct attraction, and high and low prior knowledge indicate that 
the probability is > 0.05. This shows that both data are normally distributed. 
Table 1. Normality Test Results for Critical Thinking and Problem-Solving Scores Based 

on Learning Methods. 
Tests of Normality 

 Learning 
methods 

Kolmogorov-Smirnov a Shapiro-Wilk 
 Statistics df Sig. Statistics df Sig. 

Critical 
Thinking 

Computational 
Thinking .116 29 .200* .961 29 .352 

Direct Instruction .131 29 .200* .973 29 .635 

Problem-
solving 

Computational 
Thinking .102 29 .200* .970 29 .569 

Direct Instruction .150 29 .096 .943 29 .119 
Critical 

Thinking 
High .119 38 .196 .973 38 .481 
Low .150 20 .200* .979 20 .915 

Problem-
solving 

High .100 38 .200* .967 38 .310 
Low .133 20 .200* .943 20 .268 

 
The homogeneity test is applied to obtain similarities in data variables. The 

homogeneity test uses Levene's test Statistics with a significance level of 0.05, with 
the help of SPSS, which is displayed in Table 2: 

Table 2. Data Homogeneity Test in Critical Thinking and Problem-Solving Results 
Test of Homogeneity of Variance 

 Levene 
Statistics df1 df2 Sig. 

Critical 
Thinking 

Based on Mean 1.087 1 56 .302 
Based on Median .889 1 56 .350 
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Based on Median and 
with adjusted df .889 1 55.088 .350 

Based on trimmed mean 1.015 1 56 .318 

Problem-
solving  

Based on Mean .374 1 56 .543 
Based on Median .380 1 56 .540 
Based on Median and 
with adjusted df .380 1 55.204 .540 

Based on trimmed mean .386 1 56 .537 
 

The same results were conducted to determine the homogeneity of data 
resulting from critical thinking and problem-solving based on prior knowledge by 
referring to columns based on the mean. The homogeneity test results in Table 2 
show that the probability value achieved from the calculation results is greater than 
the probability value α = 0.05, namely 0.406 for critical thinking and 0.261 for 
problem-solving. This means that H0 is accepted, so it can be concluded that the 
data variations are homogeneous. 

It was based on the results of class V students' problem-solving skills test at 
Madrasah Ibtidaiyah Ar-Rahmah, which is as follows: 

Table 3. Students' Initial Critical Thinking and Problem-Solving skills 
Variables Direct 

Instructions  Prior Knowledge Mean Std. Deviation 

Critical 
Thinking 

Computational 
Thinking 

High 83.40 8,666 
Low 78.56 6,227 
Total 81.90 8,209 

Direct 
Instruction 

High 79.28 5,949 
Low 73.73 7,295 
Total 77.17 6,929 

Total 
High 81.45 7,692 
Low 75.90 7,100 
Total 81.48 7,892 

Problem-
solving  

Direct 
Instruction + 

Computational 
Thinking 

High 80.00 8,189 
Low 78.56 7,732 

Total 79.55 7,940 

Direct 
Instruction 

High 79.33 7,096 
Low 68.64 7,775 
Total 75.28 8,948 

Total 
High 79.68 7,595 
Low 73.10 9,090 
Total 77.41 8,657 

  
Referring to Table 3 above, it is evident that overall, a high prior knowledge 

of 82.12 has a higher problem-solving average than a low prior knowledge of 80.97, 
both from the aspect of the Direct Instruction+Computational Thinking strategy or 
direct attraction strategy and the overall total. Regarding the Direct 
Instruction+Computational Thinking strategy, 79.55 has higher average problem-
solving skills than the direct abstraction method, 75.28. 

After knowing the results of the prerequisite tests that have been described 
previously, namely normality and homogeneity of critical thinking and problem-
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solving data, as well as equality of the pre-test or initial test between the treatment 
and control groups, then testing of the critical thinking and problem-solving data 
can be carried out between the treatment and control data groups. The comparison 
was carried out using the MANOVA Multivariate Selection analysis. This variance 
is based on the number of variables in this research: two independent variables 
(Learning Method and Prior Knowledge) and two dependent variables (Critical 
thinking and problem-solving). 

Table 4. Multivariate Analysis Results Tests 
Multivariate Tests a 

Effect Value F Hypothesis 
df 

Error 
df Sig. 

Intercept Pillai's Trace .994 4462.981b 2.000 53.000 .000 
Wilks ' Lambda .006 4462.981b 2.000 53.000 .000 
Hotelling's Trace 168.414 4462.981b 2.000 53.000 .000 
Roy's Largest 
Root 168.414 4462.981b 2.000 53.000 .000 

Method* Prior 
knowledge 

Pillai's Trace .082 2.352 b 2.000 53.000 .105 
Wilks ' Lambda .918 2.352 b 2.000 53.000 .105 
Hotelling's Trace .089 2.352 b 2.000 53.000 .105 
Roy's Largest 
Root .089 2.352 b 2.000 53.000 .105 

Method 

Pillai's Trace .142 4.396 b 2.000 53.000 .017 
Wilks ' Lambda .858 4.396 b 2.000 53.000 .017 
Hotelling's Trace .116 4.396 b 2.000 53.000 .017 
Roy's Largest 
Root .116 4.396 b 2.000 53.000 .017 

Prior 
Knowledge  

Pillai's Trace .181 5.845 b 2.000 53.000 .005 
Wilks ' Lambda .819 5.845 b 2.000 53.000 .005 
Hotelling's Trace .221 5.845 b 2.000 53.000 .005 
Roy's Largest 
Root .221 5.845 b 2.000 53.000 .005 

 
Table 5. Tests Of Between-Subjects Effects 

Tests of Between-Subjects Effects 

Source Dependent 
Variables 

Type III Sum 
of Squares 

df Mean Square F Sig. 

Corrected 
Model 

Critical Thinking 226.539 3 4.261 4.261 .009 
Problem-Solving  353.100 3 353.100 5.935 .001 

Intercept Critical Thinking 322522.764 1 322522.764 6066.649 .000 
Problem-Solving  305478.335 1 305478.335 5134.461 .000 

Method* 
Prior 
knowledge 

Critical Thinking 1.621 1 1.621 .030 .862 

Problem-Solving  278.335 1 278.335 4.678 .035 

Method Critical Thinking 260.461 1 260.461 4.899 .031 
Problem-Solving  364.334 1 364.334 6.124 .017 

Prior 
Knowledge 

Critical Thinking 351.312 1 351.312 6.608 .013 
Problem-Solving  479.277 1 479.277 8.056 .006 

Error 
Critical Thinking 2870.815 54 53.163   

Problem-Solving  3212.768 54 59.496  
  

Total Critical Thinking 370443.000 58   
  

Problem-Solving  351860.000 58    
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Tests of Between-Subjects Effects 

Source Dependent 
Variables 

Type III Sum 
of Squares 

df Mean Square F Sig. 

Corrected 
Total 

Critical Thinking 3550.431 57    
Problem-Solving  4272.069 57    

 
Referring to the results of data calculations on students' critical thinking skills 

as shown in Table 5, test results of between-subjects, The obtained effects price is 
F = 4.899 with P = 0.031 < 0.05 = α. Thus, H0 is rejected, and it can be concluded 
that there is a significant difference in the critical thinking skills of groups of 
students who use computational learning methods thinking with direct instruction. 

The second hypothesis test was also carried out, as shown in Table 4.9. Based 
on the test results, it is known that the F-score = 0.608 with P = 0.013 <0.05 = α. 
Then H0 is rejected, and H1 is accepted. This means a significant difference in 
critical thinking skills in science subjects on Heat and Transfer material between 
students with high and low prior knowledge. 

Table 5 shows that the calculated F-value is (F = 0.030 with P = 0.862 > 0.05 
= α), so H 0 is accepted, and H 1 is rejected. So, it can be stated that there is no 
interaction between computational learning methods, thinking, direct instruction, 
and prior knowledge toward critical thinking skills in science subjects on heat and 
transfer material. 

As the calculation results have been obtained in Table 5 Tests of Between-
Subjects Effects, It was concluded that there was a significant difference in 
influence between computational learning methods thinking with the direct method 
Instruction on student problem-solving learning outcomes with value (F 8.056 with 
P-value = 0.006 < 0.05 = α) thus there is a significant difference in problem-solving 
learning outcomes for students who study using computational methods thinking 
and groups of students who study using the direct method instruction. 

The fifth hypothesis shows that there is a difference in influence between 
students who have prior knowledge of problem-solving learning outcomes with a 
value of F = 8.056 and a P value = 0.006 < 0.05 = α, so it is concluded that there is 
a significant difference in problem-solving learning outcomes between students 
who have high and low prior knowledge. 

Sixth hypothesis Based on Table 4.8, it is known that the calculated F-value 
is (F = 4.678 with P = 0.035 < 0.05 = α) so that H1 is accepted and H0 is rejected. 
So, it can be stated that there is an interaction between learning methods, 
computational thinking, and direct interaction with prior knowledge of problem-
solving skills in science subjects on heat and transfer material. 

 
DISCUSSION 
 
1. Direct Strategy Instruction that integrates Computational Direct Thinking 

and Strategy Instruction on Students' Critical thinking skills 
The results of hypothesis testing regarding the influence of learning methods 

on students' critical thinking skills showed significant differences in the critical 
thinking skills of groups of students who studied using computational thinking 
methods with groups of students who studied using the direct method instruction. 
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Critical thinking involves understanding skills and applying the principles of 
logic and analysis in solving problems and evaluating and testing hypothetical 
assumptions objectively. In the educational context, critical thinking skills are often 
considered essential for developing academic abilities and a successful career. 

Critical thinking skills is a skill method or process possessed by intelligent 
humans, which is used to solve problems encountered in life so that each individual 
can get answers to their problems. According to Bandura (2017) learning and 
thinking also appear in the context of beliefs about cognition, which is a process 
that varies as a function of personal, social, and cultural factors. 

Learning using computational thinking methods can help improve students' 
critical thinking skills better than learning using direct methods of instruction (John 
Lemay et al., 2021). This research was conducted on junior high school students in 
Singapore who were divided into the CT and DI groups. The results show that 
students who learn using the CT method have a more significant increase in critical 
thinking skills than those who learn using the DI method. 

However, the results of other studies do not always show significant 
differences in students' critical thinking skills between CT and DI methods. For 
example, research by Şahin Gökçearslan et al. (2018) on upper-secondary students 
in Turkey showed that both learning methods had the same impact on improving 
students' critical thinking skills. 

Research results (Liu & Pásztor, 2022) show that computational-based 
learning positively influences students' critical thinking skills. Likewise, research 
(Montuori et al., 2023) shows that computational-based learning can improve 
students' critical thinking skills. 

The results indicated significant differences in critical thinking skills between 
students who used computational thinking (CT) methods and those who used direct 
instruction (DI). Critical thinking is essential in education for problem-solving and 
involves applying logic and analysis. According to Bandura, learning and thinking 
vary based on personal, social, and cultural factors. Research shows CT methods 
improve critical thinking more effectively than DI, particularly in junior high 
students in Singapore. However, other studies, like those in Turkey, found no 
significant differences. Overall, computational-based learning tends to positively 
impact critical thinking skills. 

 
2. Direct Strategy Instruction that integrates Computational Direct Thinking 

and Strategy Instruction on Problem-solving  
Computational Computational thinking is an approach to solving problems 

using principles inspired by how computers work. Some principles related to 
computing thinking are dividing problems into small parts that are easier to solve, 
using patterns or algorithms to solve problems, and finding the most efficient and 
effective solutions. 

Computational thinking methods can improve critical thinking skills because 
they require systematic and logical thinking in solving problems. Using 
computational methods thinking, one must divide the problem into smaller, easier-
to-solve parts and then develop an algorithm or strategy to solve each part. This 
requires in-depth analytical and logical thinking skills to consider various factors 
related to the problem. 
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Apart from that, using computational thinking methods, one must also be able 
to test solutions and evaluate the results critically. This requires considering various 
alternatives and selecting the most appropriate solution based on specific criteria. 
Thus, computational thinking methods can help someone develop better critical 
thinking skills in solving problems. 

Research conducted by Limbong et al. (2023) shows that students' problem-
solving skills are better taught using computational thinking than direct instruction. 
This can be seen from the test results, which show that students who are taught 
using computational thinking methods can solve problems more quickly and 
accurately. 

Research Arık (2022) shows that students with computational thinking 
methods have better problem-solving skills than those taught with direct instruction. 
This can be seen from the test results, which show that students who are taught 
using computational thinking methods can produce more creative and effective 
solutions. Likewise, Angraini et al. (2022) show that students taught using 
computational thinking methods have better problem-solving skills than those 
taught using direct instruction. This can be seen from the test results, which show 
that students are taught using computational methods, thinking can solve problems 
more quickly and accurately. 

Computational thinking is a problem-solving approach inspired by how 
computers work, involving breaking down problems, using patterns or algorithms, 
and finding efficient solutions. The students taught with computational thinking 
methods develop better problem-solving skills, solving problems more creatively, 
quickly, and accurately compared to those taught through direct instruction. 
Overall, computational thinking leads to improved critical thinking and problem-
solving abilities. 

 
3. The Influence of High and Low Prior Knowledge on Critical Thinking 

Skills 
There are differences in the critical thinking skills of students who study with 

high and low prior knowledge. The critical thinking skills of students with high 
prior knowledge are superior to those with low prior knowledge. 

Research conducted by Valls Pou et al. (2022) evaluates the effectiveness of 
computational teaching thinking in improving students' critical thinking skills, 
especially students with low prior knowledge. The research results from Kania et 
al. (2023) stated that prior knowledge influences students' critical thinking skills; 
students with high prior knowledge can get better final grades. 

Critical thinking skills are an essential aspect of education that must be 
developed to face the challenges of the 21st century (Thornhill-Miller et al., 2023). 
In everyday life, critical thinking is used to make decisions, form opinions based 
on reason, overcome individualistic assertions and predispositions and draw 
conclusions (Bekteshi, 2017). 

Critical thinking skills have several roles or benefits in learning; namely, 
students become independent learners (Astutik & Wijayanti, 2020), students can 
solve problems (Tang et al., 2020), students can access various other information 
from various sources that are not only limited to books and analyze information 
using various basic knowledge from formal teaching materials, used to understand 
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concepts, apply, synthesize, and to evaluate information obtained or information 
produced, activating the ability to analyze and evaluate evidence, identify 
questions, logical conclusions, and understand the implications of arguments, 
develop high-level intellectual abilities, foster the ability to observe, analyze, 
reasoning, decision making, and persuasion (Lukitasari et al., 2021). 

Students with high prior knowledge have superior critical thinking skills 
compared to those with low prior knowledge. The computational thinking is 
particularly effective for students with low prior knowledge. The prior knowledge 
significantly influences critical thinking development. Critical thinking is essential 
in education and daily life for decision-making, reasoning, and overcoming biases. 
It fosters independent learning, problem-solving, information analysis, and the 
development of intellectual abilities, such as reasoning, decision-making, and 
persuasion. 
 
4. The Influence of High Prior Knowledge and Low Prior Knowledge on 

Problem-Solving Learning Outcomes 
Initial or prior capabilities Knowledge is a person's knowledge, skills, and 

understanding before learning a new concept or skill. Prior knowledge can be 
knowledge that has been mastered previously, either formally or informally, or 
experience that has been experienced previously. 

Prior knowledge can influence a person's learning outcomes in a subject or 
skill. If a person has solid prior knowledge of a concept or skill, then he or she may 
more easily understand and master related new material. However, if a person has 
a weak or low prior knowledge of a concept or skill, he or she may experience 
difficulty understanding and mastering new related material. 

Prior knowledge is essential in learning outcomes only if the content or 
information organized into knowledge comes from suitable sources. This is for 
students to understand new information or knowledge based on previous 
knowledge. Explanation of information can be a basis for someone to build new 
concepts. Prior knowledge can facilitate new learning by testing the relevance and 
accuracy of a new initial task (Alreshidi, 2023). 

Prior knowledge refers to a person's existing knowledge, skills, or 
experiences before learning a new concept. It can significantly impact learning 
outcomes; individuals with strong prior knowledge grasp new material more easily, 
while those with weak prior knowledge may struggle. Prior knowledge is effective 
in supporting learning when it is organized and derived from appropriate sources, 
enabling students to build new concepts and understand new information based on 
what they already know. It also helps in assessing the relevance and accuracy of 
new tasks. 

 
5. The Interaction Effect of Learning Strategies and Prior Knowledge on 

Critical Thinking Skills 
Prior knowledge can influence a student's learning outcomes in a subject or 

skill. If a person has solid prior knowledge of a concept or skill, then he or she may 
more easily understand and master related new material. However, if a person has 
a weak or low prior knowledge of a concept or skill, he or she may experience 
difficulty understanding and mastering new related material. 
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Prior knowledge is essential in learning outcomes only if the content or 
information organized into knowledge comes from suitable sources (Widyaningsih 
& Sulisworo, 2023). This is for students to understand new information or 
knowledge based on previous knowledge. Explanation of information can be a basis 
for someone to build new concepts. Prior knowledge can help facilitate new 
learning by testing the relevance and accuracy of a new initial task (Alreshidi, 
2023). 

Therefore, educators need to pay attention to students' prior knowledge before 
starting learning so that learning can be adjusted to students' needs and abilities. 
Learning tailored to students' prior knowledge can improve students' thinking 
abilities, motivation, interests, and overall learning outcomes. 

Prior knowledge significantly influences learning outcomes. Students with 
strong prior knowledge more easily grasp new material, while those with weak prior 
knowledge may struggle. Prior knowledge is crucial when it comes from suitable 
sources, helping students build new concepts and understand new information. It 
also aids in evaluating the relevance and accuracy of new tasks. Educators should 
consider students' prior knowledge to tailor learning, which can enhance students' 
thinking skills, motivation, interests, and overall outcomes. 

 
6. The Interaction Effect of Learning Strategies and Prior Knowledge on 

Problem-Solving  
Learning uses computational methods of thinking (CT) to improve problem-

solving skills because CT involves basic skills and concepts, such as problem 
decomposition, pattern recognition, abstraction, algorithms, and evaluation, that 
can be applied to solving complex problems. However, the interaction between 
learning using the CT method and students' prior knowledge can also influence 
problem-solving skills. 

Interaction between learning using computational thinking methods and 
students' prior knowledge can be essential in improving students' problem-solving 
skills. Students with higher prior knowledge may easily understand and apply basic 
CT skills and concepts in solving problems. Meanwhile, students with lower prior 
knowledge may need more guidance, practice, and practical learning approaches. 

Research conducted by (Limbong et al., 2023) shows that computational 
teaching thinking improves students' problem-solving skills, especially students 
who have low prior knowledge. From this research, it can be concluded that 
teaching using computational thinking methods can help improve students' abilities 
to solve problems in various subjects, especially students with low prior knowledge. 

Some weaknesses in this study include a reliance on overly structured Direct 
Instruction, a lack of variety in more flexible teaching approaches, limitations in 
understanding and applying computational thinking, and student resistance to new 
methods that can impact critical thinking and problem-solving skills. 

Limitations of this study include: results that are difficult to generalize due to 
variations in students' initial abilities and backgrounds; measuring instruments that 
may be incomplete in assessing critical thinking and problem-solving skills; the 
short duration of the study so that long-term impacts are difficult to observe; 
variations in student abilities that affect the results; and the success of the strategy 
depends on the teacher's competence in delivering the material. 
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CONCLUSION 
 

The research results show that (1) There are significant differences in critical 
thinking skills between groups of students who use computational learning and 
direct learning methods instructions; (2) critical thinking skills between groups of 
students with high prior knowledge are significantly from low prior knowledge; (3) 
There is no interaction between computational thinking and prior knowledge on 
students' critical thinking skills; (4) There are significant differences in problem-
solving skills between groups of students who use computational learning and direct 
learning instructions; (5) The problem-solving skills of students with high prior 
knowledge is significantly different with low prior knowledge; (6) There is 
interaction between computational thinking and prior knowledge on students' 
problem-solving skills. 

Recommendations for this research include developing curricula that 
integrate Direct Instruction and computational thinking strategies with practical 
applications, improving teacher training to support the implementation of these 
strategies, and comparing learning methods to explore different effectiveness. In 
addition, it is recommended to develop comprehensive assessment tools, conduct 
longitudinal research to evaluate long-term impacts, and investigate factors that 
influence student engagement. Research across educational contexts is also needed 
to explore the consistency of results, while developing teaching materials through 
interdisciplinary collaboration to enrich the learning experience. With these 
recommendations, research is expected to make a significant contribution to 
understanding the influence of learning strategies on students' critical thinking and 
problem-solving skills. 
 
 
REFERENCES 
 
Aliftika, O., Purwanto, P., & Utari, S. (2019). Profil Keterampilan Abad 21 Siswa 

SMA pada Pembelajaran Project Based Learning (PjBL) Materi Gerak Lurus. 
WaPFi (Wahana Pendidikan Fisika), 4(2), Article 2. 
https://doi.org/10.17509/wapfi.v4i2.20178 

Alreshidi, N. A. K. (2023). Enhancing topic-specific prior knowledge of students 
impacts their outcomes in mathematics. Frontiers in Education, 8. 
https://doi.org/10.3389/feduc.2023.1050468 

Al-Zou’bi, R. (2021). The impact of media and information literacy on acquiring 
the critical thinking skill by the educational faculty’s students. Thinking Skills 
and Creativity. 
https://www.sciencedirect.com/science/article/pii/S187118712030256X 

Angraini, L. M., Arcat, & Sohibun. (2022). Improvement of Computational 
Thinking through Interactive Multimedia Learning Based on Initial 
Mathematical Ability. International Journal of Contemporary Studies in 
Education (IJ-CSE), 1(1), Article 1. https://doi.org/10.56855/ijcse.v1i1.25 

Aranda, G., & Ferguson, J. P. (2022). The Creative in Computational Thinking. 
Children’s Creative Inquiry in STEM. https://doi.org/10.1007/978-3-030-
94724-8_18 



Maulidah, et.al.  / Jurnal Teknologi Pendidikan 25 (3), 663-677 

- 675 - 

Arık, M. (2022). Computational Thinking Integration into Science Classrooms: 
Example of Digestive System. In Journal of Science Education and 
Technology (Vol. 31, Issue 1, pp. 99–115). https://doi.org/10.1007/s10956-
021-09934-z 

Astutik, F., & Wijayanti, E. (2020). Meta-Analysis: The Effect of Learning 
Methods on Students’ Critical Thinking Skills in Biological Materials. Jurnal 
Studi Guru Dan Pembelajaran, 3(3), Article 3. 

Bandura, A. (2017). Psychological Modeling: Conflicting Theories. Transaction 
Publishers. 

Bekteshi, E. (2017). The ’Fours Cs—Collaboration, Communication, Critical 
Thinking And Creativity At The Faculty Of Arts (FLUP), University Of 
Porto, Porto, Portugal. Journal of International Social Research, 10, 56–62. 
https://doi.org/10.17719/jisr.2017.1638 

Chamı̇dy, T., Degeng, İ. N. S., & Ulfa, S. (2020). The Effect of Problem Based 
Learning and Tacit Knowledge on Problem-Solving Skills of Students in 
Computer Network Practice Course. Journal for the Education of Gifted 
Young Scientists, 8(2), 691–700. https://doi.org/10.17478/jegys.650400 

Chan, S. W. (2020). Computational thinking activities in number patterns: A study 
in a Singapore secondary school. In ICCE 2020—28th International 
Conference on Computers in Education, Proceedings (Vol. 1, pp. 171–176). 

Darling-Hammond, L., Flook, L., Cook-Harvey, C., Barron, B., & Osher, D. 
(2020). Implications for educational practice of the science of learning and 
development. Applied Developmental Science, 24(2), 97–140. 
https://doi.org/10.1080/10888691.2018.1537791 

Darmayanti, R., Sugianto, R., & Muhammad, Y. (2022). Analysis of Students’ 
Adaptive Reasoning Ability in Solving HOTS Problems Arithmetic 
Sequences and Series in Terms of Learning Style. Numerical: Jurnal 
Matematika Dan Pendidikan Matematika, 73–90. 
https://doi.org/10.25217/numerical.v6i1.2340 

Depari, D. M., Matondang, A., & Syahlan. (2021). Development of Based Student 
Worksheets Realistic Mathematics Learning Model For improvement of 
Critical thinking skills Class XI Vocational High School Students. Journal of 
Mathematics Technology and Education, 1(1), 30–37. https://doi.org/DOI: 
10.32734/jomte.v1i1.7576 

Dörner, D., & Funke, J. (2017). Complex Problem-solving: What It Is and What It 
Is Not. Frontiers in Psychology, 8, 1153. 
https://doi.org/10.3389/fpsyg.2017.01153 

Greenstein, M. N. (2012). Creative judging: Ethics issues in problem-solving 
courts. Judges Journal, 51(2). 

Güner, P., & Erbay, H. N. (2021). Prospective mathematics teachers’ thinking 
styles and problem-solving skills. Thinking Skills and Creativity, 40, 100827. 
https://doi.org/10.1016/j.tsc.2021.100827 

Holmes, P., Ganassin, S., & Li, S. (2022). Reflections on the co-construction of an 
interpretive approach to interculturality for higher education in China. 
Language and Intercultural Communication, 22(5), 503–518. 
https://doi.org/10.1080/14708477.2022.2114491 



Maulidah, et.al.  / Jurnal Teknologi Pendidikan 25 (3), 663-677 

- 676 - 

Huang, W., & Looi, C. K. (2021). A critical review of literature on “unplugged” 
pedagogies in K-12 computer science and computational thinking education. 
Computer Science Education. 
https://doi.org/10.1080/08993408.2020.1789411 

John Lemay, D., Basnet, R. B., Doleck, T., Bazelais, P., & Saxena, A. (2021). 
Instructional interventions for computational thinking: Examining the link 
between computational thinking and academic performance. Computers and 
Education Open, 2, 100056. https://doi.org/10.1016/j.caeo.2021.100056 

Kania, N., Fitriani, C., & Bonyah, E. (2023). Analysis of Students’ Critical 
Thinking Skills Based on Prior Knowledge Mathematics. International 
Journal of Contemporary Studies in Education (IJ-CSE), 2. 
https://doi.org/10.56855/ijcse.v2i1.248 

Kawuri, K. R., Budiharti, R., & Fauzi, A. (2019). Penerapan Computational 
Thinking untuk Meningkatkan Kemampuan Berpikir Kritis Siswa Kelas X 
MIA 9 SMA Negeri 1 Surakarta pada Materi Usaha dan Energi 6. Jurnal 
Materi Dan Pembelajaran Fisika (JMPF), 9(2), 116–121. 

Limbong, N., Herlina, K., Maulina, H., & Abdurrahman, A. (2023). Problem-
Solving and Computational Thinking Practices: Lesson Learned from The 
Implementation of ExPRession Model. JIPF (Jurnal Ilmu Pendidikan 
Fisika), 8(1), 1–9. https://doi.org/10.26737/jipf.v8i1.3042 

Liu, Y., & Pásztor, A. (2022). Effects of problem-based learning instructional 
intervention on critical thinking in higher education: A meta-analysis. 
Thinking Skills and Creativity, 45, 101069. 
https://doi.org/10.1016/j.tsc.2022.101069 

Lukitasari, M., Hasan, R., Sukri, A., & Handhika, J. (2021). Developing Student’s 
Metacognitive Ability in Science through Project-Based Learning with E-
Portfolio. … and Research in Education. https://eric.ed.gov/?id=EJ1312927 

Montuori, C., Gambarota, F., Altoè, G., & Arfe, B. (2023). The cognitive effects of 
computational thinking: A systematic review and meta-analytic study. 
Computers & Education, 210, 104961. 
https://doi.org/10.1016/j.compedu.2023.104961 

Nurhatmanti, R., Lian, B., & Dedy, A. (2021). Analysis of Students’ Higher Order 
Thinking Skills (HOTS) in Natural Science Subjects Class V Elementary 
School. Indonesian Journal of Primary Education, 5(2), 208–213. 
https://doi.org/10.17509/ijpe.v5i2.37107 

Ramadhani*, S. H., Karyanto, P., & Sugiharto, B. (2023). Biology-Critical 
Thinking Skills of High School Students in Terms of Gender and School 
Location. Jurnal Pendidikan Sains Indonesia, 11(4), Article 4. 
https://doi.org/10.24815/jpsi.v11i4.31760 

Sagala, P., & Andriani, A. (2019). Development of Higher-Order Thinking Skills 
(HOTS) Questions of Probability Theory Subject Based on Bloom’s 
Taxonomy. Journal of Physics: Conference Series, 1188, 012025. 
https://doi.org/10.1088/1742-6596/1188/1/012025 

Şahin Gökçearslan, Uluyol, Ç., & Şahin, S. (2018). Smartphone addiction, 
cyberloafing, stress and social support among university students: A path 
analysis. Children and Youth Services Review, 91, 47–54. 
https://doi.org/10.1016/j.childyouth.2018.05.036 



Maulidah, et.al.  / Jurnal Teknologi Pendidikan 25 (3), 663-677 

- 677 - 

Saphira, H. V., & Prahani, B. K. (2022). Profile of Senior High School Students’ 
Critical Thinking Skills and The Need of Implementation PBL Model 
Assisted by Augmented Reality Book. Jurnal Pendidikan Sains Indonesia, 
10(3), Article 3. https://doi.org/10.24815/jpsi.v10i3.25031 

Sepriyanti, N., Nelwati, S., Kustati, M., & Afriadi, J. (2022). The Effect of 21st-
Century Learning on Higher-Order Thinking Skills (HOTS) and Numerical 
Literacy of Science Students in Indonesia based on Gender. Jurnal 
Pendidikan IPA Indonesia, 11(2), 314–321. 
https://doi.org/10.15294/jpii.v11i2.36384 

Tang, T., Vezzani, V., & Eriksson, V. (2020). Developing critical thinking, 
collective creativity skills and problem-solving through playful design jams. 
Thinking Skills and Creativity, 37, 100696. 
https://doi.org/10.1016/j.tsc.2020.100696 

Thornhill-Miller, B., Camarda, A., Mercier, M., Burkhardt, J.-M., Morisseau, T., 
Bourgeois-Bougrine, S., Vinchon, F., El Hayek, S., Augereau-Landais, M., 
Mourey, F., Feybesse, C., Sundquist, D., & Lubart, T. (2023). Creativity, 
Critical Thinking, Communication, and Collaboration: Assessment, 
Certification, and Promotion of 21st Century Skills for the Future of Work 
and Education. Journal of Intelligence, 11(3), 54. 
https://doi.org/10.3390/jintelligence11030054 

Tuckman, B. W. (1999). Conducting Educational Research. Harcourt Brace 
College Publishers. 

Valls Pou, A., Canaleta, X., & Fonseca, D. (2022). Computational Thinking and 
Educational Robotics Integrated into Project-Based Learning. Sensors, 22, 
3746. https://doi.org/10.3390/s22103746 

van Laar, E., van Deursen, A. J. A. M., van Dijk, J. A. G. M., & de Haan, J. (2020). 
Determinants of 21st-Century Skills and 21st-Century Digital Skills for 
Workers: A Systematic Literature Review. Sage Open, 10(1), 
2158244019900176. https://doi.org/10.1177/2158244019900176 

Widyaningsih, B., & Sulisworo, D. (2023). The Role of Learning Interest and Prior 
Knowledge on Critical Thinking Skills in E-Worksheet Supported Learning. 
207–215. https://doi.org/10.2991/978-2-38476-114-2_20 

 
 
 
 
 


