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 Students’ critical thinking (CT) in mathematical reasoning and  

problem-solving (PS) skills has not developed. In fact, these skills determine 

achievement in society 5.0. Therefore, learning models and media are 

needed to develop both. This study investigated the interaction of variables 

in problem-based learning (PBL) combined with play mathematics with 

technology (PhET) simulations for CT and PS skills. This study used  

quasi-experimental research design using questionnaires and test of CT and 

PS involving 126 students of grade V of Islamic primary school (Madrasah 

Ibtidaiyah (MI)) and grade IX of Islamic junior high school (Madrasah 

Tsanawiyah (MTs)). Factorial analysis of the data used SmartPLS. Based on 

cross loading value, the MI level shows positive interactions on variable: 

“happy”, “easy to use”, and “as new thing” of PS skills (the explore and plan 

(E&P), select a strategy (SaS), and find an answer (FaA) indicators) and CT 

skills (the recognition of assumption (RoA) indicator). At the MTs level 

shows positive interaction on PS skills (the read and think (R&T) indicator) 

and CT skills (the inference (In) and interpretation (Int) indicators) on the 

“easy to use the PhET simulation” variable. Our findings highlight that 

combined PBL and PhET simulation has a significant relationship to 

develop students’ CT and PS skills. 

Keywords: 

Critical thinking 

Mathematical reasoning  

Play mathematics  

with-technology 

Problem-based learning 

Problem-solving 

This is an open access article under the CC BY-SA license. 

 

Corresponding Author: 

Siti Lailiyah 

Department of Mathematics Education, Faculty of Tarbiyah and Teacher Training 

Universitas Islam Negeri Sunan Ampel Surabaya 

Ahmad Yani 117, Surabaya, Indonesia 

Email: lailiyah@uinsa.ac.id 

 

 

1. INTRODUCTION 

The development of science and technology in teaching and learning in the era of society 5.0 is 

growing rapidly in several countries [1]–[3]. In Japan, for example, the curriculum changes were carried out 

in accordance with social changes based on some empirical principles. Learning in Japan has begun to focus 

on developing student’s competencies to meet the goals of the era of society 5.0, namely forming super 

intelligent humans [4]. In the Indonesian context, the community-based learning method 5.0 that is applied 

will be valuable and contribute to the effectiveness of learning. 

https://creativecommons.org/licenses/by-sa/4.0/
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Learning in the era of society 5.0 is facilitated through various sources, not only from books but also 

from various technology and information platforms [5]. The technological developments have had a profound 

impact on education [6]–[8] and can help teachers to become more professional [9], [10]. Technology 

integration and teacher competency significantly influence the development of 21st century learning [11]. 

Technology-based learning shows positive impacts on reasoning such as critical thinking (CT) and  

problem-solving (PS) skills [12], [13].  

Reasoning and CT have a close relationship in the process of human thinking. Reasoning is the 

ability to draw conclusions based on evidence, facts, or premises available, while CT is the ability to evaluate 

information objectively and logically before making decisions or arranging arguments [14]. In practice, CT 

requires good reasoning so that a person can assess the validity of a statement, avoid the error of logic, and 

filter out relevant information from what is not [15]. Thus, reasoning becomes the main foundation in CT, 

because without proper reasoning, CT processes cannot run effectively and produce accurate conclusions.  

Considering the positive effects of technology on teaching and learning, technology-based learning 

should be promoted to facilitate the development of skills for the society 5.0. The data from World Economic 

Forum (WEF) in 2025 show core skills in 2030 and are expected to continue growing rapidly such as AI and 

big data, reasoning (analytical thinking and creative thinking), resilience, flexibility and agility, and 

technological literacy [16]. CT skills in the 21st century serve as the main pillars of economic development 

[17], [18]. The possible challenge for teachers is to support, prepare, and develop their students to be able to 

face the era of society 5.0 by honing the 21st century skills, namely CT and PS skills [19]. The teacher should 

be able to create a learning environment that stimulates CT both inside and outside the classroom [20]. 

To develop mathematical reasoning especially CT skills, there needs to be learning strategies that 

involve students in the learning process [21], [22]. Also, CT skills can be developed effectively through PS 

[17]. Therefore, one alternative to CT skills in mathematical reasoning and PS skills is to implement Problem 

Based Learning (PBL) in the context of learning mathematics. Mercy et al. [23] show that in face-to-face 

learning, PBL is very effective in improving CT skills, especially CT. Xu et al. [24] and Meng et al. [25] 

show that PBL can effectively help instructors facilitate the improvement of students’ PS skills.  

Suparman et al. [26] show that PBL in online learning is also very effective in improving CT. In the same 

vein, Almaiah et al. [27] show that PBL had a significantly strong positive effect in upgrading the students’ 

CT skills. CT and PS serve as two pivotal skills that should be developed in combination through the learning 

process. One learning model that can improve CT and PS is PBL [14], [28]. Haji et al. [29] show that PBL 

learning could to improve the students’ independent learning and understanding on mathematical concepts. 

Narmaditya et al. [30] show that the implementation of PBL also encourages students to think critically. 

Several studies [29], [31]–[34] on PBL and its positive impacts on learning have been carried out. While 

previous studies have highlighted the effectiveness of PBL in improving CT and PS skills, there have not 

been many studies that link PBL in collaboration with technology-based learning media, especially 

simulation-based games. This study; hence, investigated the interaction of play mathematics with technology 

(PhET) simulation in the implementation of PBL to develop students’ PS and CT skills.  

Technology-based learning media such as simulation games are very effective in online learning and 

can improve PS skills [35], [36]. Bonsu et al. [37] highlight this study examined the effectiveness of mobile 

blended learning on the academic performance of senior high school history students. Technology and 

mobile learning enable the use of simulation game in learning. Simulation game is interesting for student. 

Through simulation students can learn and explore phenomena by asking questions and seeking answers 

through observation simulations. Simulation game is also effective in building conceptual understanding of 

science and can improve CT skills, PS, and academic achievement through virtual laboratory-based learning 

application with physics education technology (PhET) simulation [38]–[40]. This interactive simulation of 

PhET can only be used in science learning (physics, chemistry, and biology) [40]. However, simulation using 

PhET should be made possible particularly in teaching and learning where real-life context and applications 

may not be always possible to conduct. The PhET simulation will facilitate students with situation enabling 

them to have the practical application to achieve the target competencies. As the application of PhET seems 

to be limited to physics, chemistry and biology, this research offers a new simulation by combining PhET to 

PBL to enable the application to work within the teaching and learning of mathematics named PhET.    

Studies of combined PBL and PhET simulation have been carried out and show that combined PBL 

and PhET can improve students motivation and academic achievement [40], [41]. PhET can be an effective 

pedagogical tool for improving learning outcomes in science and technology education, particularly in 

developing countries where resources and infrastructure may be limited [42]. The three studies [40], [41], 

[42] however, focus more on the application of the combined PBL and PhET simulation in physics. While 

the study [39] has the element of mathematics in its focus, the study only focuses on the development of the 

worksheet for the simulation and not yet on the contribution of the combined simulation to the achievement 

of the PS skills. This current study hence, takes the potential of PhET to fill the scarcity of simulation in 

mathematics by having a combined model of PBL and PhET simulation. The Indonesian context of the 
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research also fit with the studies [39]–[42] that suggest further research particularly in developing countries. 

Therefore, in this study, we developed a virtual simulation laboratory-based learning application using the 

website-based unity software specifically for mathematics learning called PhET. This study investigated the 

interaction of variables in the PBL implementation in collaboration with PhET simulations and their 

contribution to students’ PS and CT skills in mathematical reasoning. While earlier studies have explored the 

impact of PBL and PhET to CT and PS, they have not explicitly addressed its interaction on CT and PS. 

Combined PBL and PhET simulation integrates the syntax of PBL with PhET interactive simulation. The 

PhET simulation developed in this research is specifically designed for all materials in mathematics, from 

numbers, algebra, and geometry. Because the development of PhET simulation that carries learning material 

for adding fractions and number patterns has not been found in PhET simulation, it is important to examine 

the interaction of the variables in combined PBL and PhET simulation. The importance of testing the 

interactions in combined PBL and PhET simulation is to find out which variables have the biggest 

contribution to CT in mathematical reasoning and PS skills. Information on the interaction of these variables 

can be used as a reference for designing mathematics learning in the future. 

 

 

2. METHOD  

2.1.  Research design 

This research is quasi-experimental design taking the population of students of Madrasah Ibtidaiyah 

(MI) or Islamic primary schools and Madrasah Tsanawiyah (MTS) or Islamic junior high schools in Sidoarjo 

District, Indonesia. This study used quasi-experimental design or between subjects design with independent 

measures involving the assignment of participants to one of the experimental conditions [43].  

Quasi-experiments are studies that aim to evaluate interventions but that do not use randomization [44]. This 

study investigated or evaluated interventions the interaction of variables in the combined PBL and PhET 

simulations for CT and PS skills. In the context of this study, some potential confounding variables include: 

i) student academic background and prior ability: differences in mathematical ability or CT levels prior to 

treatment may affect outcomes, regardless of the learning method used; ii) motivation and interest in 

learning: students with high motivation tend to have better outcomes, while students who are less motivated 

may not improve even when PBL and PhET are applied; iii) teacher quality and competence: teachers can 

vary in how they implement the combination of PBL and PhET, which can affect the effectiveness of 

learning; iv) access to technology: because PhET simulation is digitally based, students’ limited access to or 

ability to use technology can affect learning outcomes; v) learning environment:the supportive (or 

unsupportive) classroom atmosphere or learning environment can affect students’ focus and understanding; 

and vi) learning time: the amount of time given to implement the combination of PBL and PhET can affect 

the level of mastery of CT and problem-solving skills. Controlling confounding variables to increase the 

validity of the study, researchers can control confounding variables in several ways, such as: i) conducting a 

pre-test to measure initial abilities; ii) establishing a control group and an experimental group; iii) using the 

same learning instructions for all students; iv) conducting randomization in determining the sample; and  

v) ensuring the availability of adequate technology. If confounding variables are not controlled properly, the 

results of the study could show a biased or erroneous relationship between the PBL+PhET method and CT 

and problem-solving skills. 

 

2.2.  Sampling 

The sample was selected through cluster random sampling technique and determined based on the 

material contained in the PhET interactive simulation application (fractional and polynomial material). The 

sample of this study was 126 students: 72 students from two classes of grade 5 and 54 students from two 

classes of grade 9. The subject was taken during the new normal era (post COVID-19). Therefore, the 

number of participants was adjusted to the government policy that schools may conduct face-to-face teaching 

and learning with only 50% students. Hence, the 72 and 54 students made 50% of the total students in the 

two grades of the schools. 

 

2.3.  Instruments 

The instruments used to reveal the interaction of variables that have contributed to the 

implementation of PBL, the use of PhET were PS and CT tests and questionnaires for the students. PS and 

CT tests are based on the indicators of PS theory by Krulick and Rudnick and the Watson-Glaser Critical 

Thinking Appraisal (WGCTA) [45]. For the PS and CT test, there are three problems for the basic level 

(fractional material) and three problems for the intermediate level (polynomial). The questions on this test 

were adapted based on the Indonesian Madrasah competency assessment (AKMI) questions. Table 1 

presents the grid of CT test questions and PS. 
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Table 1. The question grid for the test on CT and PS 
Problem 
number 

Material/competence  
for Islamic primary school level 

Material/competence  
for Islamic junior high school level 

1 Presented with tables and reading text on selling and 

buying, the students can solve contextual problems 

related to multiplication and fraction. 

Presented with tables and reading text on traffic lights, the 

students can solve contextual problems related to 

generalization of equations from a configuration of objects. 
2 Presented with reading text about visitors of Kampung 

Ramadhan, the students can solve contextual problems 

related to multiplication and fraction. 

Presented with a configuration of objects related to ceramic 

installation, the student can determine the next number term. 

3 Presented with reading text about habits in sports, the 

students can solve contextual problems related to 

multiplication and fraction. 

Presented with a configuration of objects related to garden 

design planning, the student can determine the next number 

term. 

 

 

The researchers carried out the teaching and learning according to the PBL syntax in collaboration 

with PhET simulation with the steps as presented in Figure 1. After the teaching and learning using PhET 

simulation, the students were asked to complete a CT and PS test in 30 minutes. The test was in the form of 

problem sheets distributed by the teacher. After the students completed the test, they were asked to respond 

to the online questionnaire. 
 

 

 
 

Figure 1. The syntax of PBL in combination with PhET 
 

 

The closed-questionnaire has 15 questions asking the student responses on the implementation of PBL 

learning in collaboration with PhET. The four options variables for the response to the questionnaire include 

“happy”, “easy to use”, “content”, and “as new thing”. The “happy” option was used in four questions related to 

students’ feelings during and after PBL learning in collaboration with PhET. These options of responses in the 

questionnaire used a Likert scale with positive and negative responses to the questions presented with four 

answer choices. The questions in this questionnaire were developed based on indicators of CT and PS skills. 

Four questions with the “easy to use” option explored students’ responses related to the use of PhET. For the 

“content” option, there are five questions related to the delivery of material on PBL in collaboration with PhET. 

The remaining two questions that asked about the innovations in combined PBL and PhET simulation had the 

“as new thing” option. Table 2 presents the distribution of the questionnaire questions.  

The results of the instrument validation show that instrument for the Islamic primary school level has 

the validity value between 0.786 to 0.893 with an average of 0.827, while for the Islamic junior high school 

level was between 0.679 to 0.929 with an average of 0.786. This means that the question items on the CT and 

PS test are valid. Furthermore, the results of the validation of the student response questionnaire show the 

validity value of 0.55 to 0.74 with an average of 0.67, meaning that the question items in the questionnaire were 

also valid. The results of the reliability of the test of CT and PS skills for the Islamic primary school level are 

0.66 and for the Islamic junior high school level is 0.69. Meanwhile, the results of the reliability test on student 

response questionnaires were 0.86. This shows that the three instruments are reliable or consistent. 

  

    

Orienting students to the 
problem. Problems were 

presented in the PhET media 
section of the “solve the 

problem” menu. Problems were 
presented on PhET media in 

the form of dialogs by several 
people. 

    

Organizing students for 
learning. One of the 

researchers instructed students 
to work in group to collect 
information used to solve 

problems. The information 
gathering was based on PhET 

media by exploring other 
menus in PhET media. 

  
  

  

Guiding group investigations. 
The researchers facilitated the 

discussion process in each 
group and ensured the smooth 
operation of the PhET media 

by students. 

    

Developing and presenting 
the work. After the students 
answered the problem, the 

researchers appointed a 
representative from each group 

to present their findings. 

  

Analyzing and evaluating the problem-solving process. 
The evaluation process was carried out by the researchers 

together with students by providing comments on the 
results of problem-solving in each group after all 

presentations. The main focus in providing comments was 
the effectiveness and uniqueness of the problem-solving 

strategies used. 
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Table 2. The distribution of questionnaire based on the indicators of CT and PS skills 

Stages of CT Indicators of CT Stages of PS Indicators of PS 
Number of 

questions 

Inference (In) Ability to differentiate the correctness 

and incorrectness of the information 

obtained 

Read and think 

(R&T) 

Rewrite the information known and 

asked using their own understanding 

3 

Recognition 

of assumption 

(RoA) 

Ability to recognize the self-assumption 

related to the information obtained 

Explore and 

plan (E&P) 

Collect as much information as 

possible to assist PS using figure, 

graphics and tables. 

3 

Deduction 

(De) 

Ability to give reasons related to the 

irrelevance between the information 

obtained and the assumption 

- - 2 

Interpretation 

(Int) 

Ability to consider the evidence of the 

refutation to the information given 

Select a strategy 

(SaS) 

Determine the steps to solve problems 2 

- - Find an answer 
(FaA) 

Formulate answer from the problem 
faced 

2 

Evaluation of 

arguments 
(EoA) 

Selection of the strong and relevant 

arguments and their accountability 

Reflect and 

extend (R&E) 

Review the steps and solution and find 

the interesting things to be developed 

3 

Total 15 

 

 

2.4.  Data collection 

Data collection was carried out in semester 1 in 2 classes with the application of combined PBL and 

PhET simulations. The application of this learning method is based on the respective schools’ policies 

related to limitation of face-to-face learning. At the basic level, they carried out blended learning, with 50% 

of students learning offline and the rest 50% having the online mode. At the secondary level, they cared out 

limited face-to-face learning by having two sessions with 50% students in each session. The online learning 

of combined PBL and PhET simulation was conducted using the Zoom meeting application. The 

questionnaire was distributed through Google Form whose link was provided in Zoom chat room and the 

classes’ WhatsApp group. 

The instruments were validated by nine validators (seven mathematics teachers and two lecturers of 

mathematics education). The validation used the Aiken formulas and the reliability test used Cronbach’s 

Alpha via SPSS. The data analysis for CT and PS test used the following steps: i) answers of the PS 

questions were identified based on the indicators of CT and the PS skills (Table 2) and were scored based on 

the rubric, fulfilled (F), moderately fulfilled (MF), and not fulfilled (NF) as presented in Table 3; ii) the 

responses of questionnaire were identified based on 4 aspects of student statements and their conclusions; 

iii) the fulfillment of indicators was tabulated based on the results of previous identification; iv) data from 

responses of questionnaire were identified and analyzed by factorial analysis using Smart partial least square 

(SmartPLS) 3 through two models of the outer and the inner models. The outer model was done by 

connecting indicator variables with latent variables, while the inner model was done by connecting latent 

variables to each other based on the path model of the relationship figure.  

 

 

Table 3. The indicators of PS and CT 

Stages 
Stages and 
indicators 

of PS 

Stages and 
indicators 

of CT 

Category 
Fulfilled  

(F)/score =3 

Moderately fulfilled 

(MF)/score =2 

Not fulfilled  

(NF)/score =1 

1 R&T In Accurately state all the 
information known and 

asked for  

Accurately state one of the 
information known and asked 

for  

Cannot accurately state all 
the information known and 

asked for  

2 E&P RoA Interpret the information 
known and accurately 

transfer it into figures, 

graphics or tables   

Interpret the information 
known can only partially 

transfer it into figures, 

graphics or tables   

Cannot at all interpret the 
information known and 

accurately transfer it into 

figures, graphics or tables   
3 SaS De Accurately state the 

strategies used  

State the strategies used but 

not fully accurate  

State no strategies used 

4 FaA Int Accurately explain the 
process to get the right 

answer 

Explain the process to get the 
answer which was partially 

correct  

No process of getting the 
answer 

5 R&E EoA Review the answer and 
find the interesting 

things to develop further 

Do one of the review processes 
or find the interesting things to 

develop further  

Do not at all review the 
answer and do not find the 

interesting things to 

develop further 
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3. RESULTS AND DISCUSSION 

3.1.  Results 

This research has two hypotheses on the strategy used, i.e., the combined PBL and PhET simulation, 

and two dependent variables, i.e., the CT and PS skills. Data presentation on the relationship between 

combined PBL and PhET simulation, the use of PhET simulation to develop CT and PS skills in every level 

of education was measured based on the achieved indicators categorized based on the type of the 

relationship. These categories are presented in Table 3.  

The success indicators of the implementation of combined PBL and PhET simulation were: i) the 

students were happy with the implementation of combined PBL and PhET simulation (Happy_X), ii) the 

students found it easy to go through the syntax of combined PBL and PhET simulation (Easy to use_X),  

iii) they understand the mathematics material better (Content_X), iv) PhET simulation is a new thing for the 

students (as NewThing_X). Variable X is the level of students’ education.  

The calculation of the attainment of each indicator of the CT and PS skills was based on the scoring 

grid in Table 3. Table 4 presents the result of the scoring of PS skills indicators. Table 5 presents the results 

of the scoring of CT skills indicators. Table 6 presents the results of the variables of the implementation of 

combined PBL and PhET simulation based on the Likert scale of the students’ responses. 

Table 4 shows that both Islamic primary and junior high school students have R&T as the highest 

indicators of PS skills. However, there are differences in indicators that get the lowest score on PS skills 

between Islamic elementary and junior high school levels. In elementary school, the two lowest scores were the 

“SaS” and “R&E” variables, while in junior high school the two lowest scores were the “E&P” and “R&E” 

variables. These scores highlight two things. First, both the elementary and junior high school students are good 

in reading and thinking stage of the PBL. However, the elementary school students have low skills in selecting a 

strategy and reflecting and extending stage. The junior high school students, in contrast, have low skills in E&P 

and reflecting and extending stages. Hence, both levels of schools are low in reflecting and extending stage. 

As shown in Table 5, ‘In’ is the CT skill indicator with the highest score in both Islamic primary and 

junior high school levels. Despite this similar highest score at ‘In’ in both school levels, there are divergent 

variable having the lowest score. In elementary school, the lowest scores are “EoA” variables, while in junior 

high school the lowest scores are the “De” variables. In conclusion, that the students in both levels are good 

in making inferences. However, the elementary school students are lack of the skills in evaluating the 

arguments and the junior high school students had low scores in the De skill.  

 

 

Table 4. The result of the scoring of PS skills indicator 

Level 
Indicators of PS skills 

R&T E&P SaS FaA R&E 

Islamic primary education 106 48 46 50 46 
Islamic junior high school 72 12 60 64 12 

 

 

Table 5. The result of the scoring of CT skills indicator 

Level 
Indicators of CT skills 

In RoA De Int EoA 

Islamic primary education 79 46 50 53 26 

Islamic junior high school 76 24 8 24 20 

 

 

Table 6. The result of the variable of the implementation of combined PBL and PhET simulation 

Level 
Variable of the implementation of combined PBL and PhET simulation 

Happy Easy to use Content As new thing 

Islamic primary education 232 226 229 243 

Islamic junior high school 172 166 166 168 

 

 

Table 6 shows different highest and lowest scores of the variables of the implementation of 

combined PBL and PhET simulation. The variable “as new thing” gets the highest score in the Islamic 

primary school level and “happy” is the highest in the Islamic junior high school level after PBL and PhET 

simulation were implemented. The “easy to use” variable gets the lowest score in the elementary school level 

while in junior high school the lowest scores were the “easy to use” and “content” variables. 

The scoring results of each indicator were used to measure the application of combined PBL and 

PhET simulation with aspects of achieving PS and CT skills. This can be seen from the correlation between 

each variable which was measured based on the value of outer loading. The aspects are reliable if they have a 

correlation value above 0.70. If the correlation value between these variables was below 0.70 then the related 
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aspects were eliminated. The elimination process continued until the outer loading value in each aspect 

exceeds 0.70. The aspects that meet the criteria were then tested for the construct reliability which was 

measured by two criteria of composite reliability (CR) and Cronbach’s alpha (CA) above 0.70 [46]. 

Furthermore, the discriminant validity was measured by looking at the values of convergent validity 

and average variance extracted (AVE). The convergent validity value was measured based on the analysis of 

the resulting cross loading value. To meet the criteria of convergent validity, the value of cross loading on 

aspects of the related variables must have a higher value than the aspects of other variables. Meanwhile, the 

AVE for each variable at each level must exceed a minimum level of 0.500. The calculation results of CA, 

CR, and AVE are presented in Table 7. 

The result of the construct reliability test was measured by two criteria of CR and CA as presented 

in Table 7. The results obtained show that there is no value below 0.70 for each variable in the CR test and 

the CA test. This confirms that all indicators are reliable. 

 

 

Table 7. Measurement model 
Variable CR CA AVE 

Islamic primary school level:    

PBL+PhET 0.893 0.843 0.736 

PS 0.864 0.765 0.680 
Mathematical CT 1.000 1.000 1.000 

Islamic junior high school level:   

PBL+PhET 1.000 1.000 
1.000 

1.000 
PS 1.000 1.000 

Mathematical CT 0.901 0.781 0.82 

 

 

Table 8 shows that the indicators of “happy”, “easy to use”, and “as new thing” in PBL+PhET was 

found to have a higher cross loading value when compared to CT and PS skills in Islamic primary school 

level. In the “explore and plan”, “FaA”, and “select a strategy” indicators, PS skills have a higher cross 

loading value than the PBL+PhET indicators and CT skills. Meanwhile, the “Recognition of Assumption” 

indicator on CT skills has a higher cross loading value when compared to the PBL+PhET indicator and PS 

skills. In Islamic junior high school level, it was found that the indicator “easy to use” in PBL+PhET has a 

higher cross loading value when compared to PS and CT. The indicator “read and think” and “interpretation” 

in PS has a higher cross loading value when compared to PBL+PhET and mathematical CT. The indicator 

“inference” has a higher cross loading value in CT when compared to PBL+PhET and PS. 

 

 

Table 8. Cross loading value 
Cross loading PBL+PhET PS Mathematical CT 

Islamic primary school level: 

Happy 0.880 0.423 0.556 
Easy to use 0.875 0.308 0.332 

As new thing 0.818 0.450 0.428 

E&P 0.420 0.841 0.611 
FaA 0.366 0.807 0.454 

SaS 0.374 0.824 0.341 

RoA 0.530 0.575 1.000 

Islamic junior high school level: 

Easy to use 1.000 0.527 0.717 

R&T 0.527 1.000 0.920 
In 0.609 0.703 0.894 

Int 0.685 0.950 0.917 

 

 

As previously described, the research was conducted at two levels of education namely Islamic 

primary and junior high schools and is presented in the form of a factorial model that describes aspects of the 

related variables. The factorial model presented has been eliminated from the previous presentation. 

Furthermore, the structural equation model that relates the three variables is depicted in the factorial model in 

Figure 2. Based on the results of data processing using Smart-PLS 3 in Figure 2, the variables that meet the 

criteria as indicators of the implementation of PBL in combination with PhET for Islamic primary school 

level students are new (as NewThing_Islamic primary school), easy to use (easy to use_Islamic primary 

school), and happy (happy_Islamic primary school). This was obtained after having two elimination 

processes on indicators whose correlation value was less than 0.70.  
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Figure 2. The relationship of the implementation of PBL in combination with PhET simulation with the  

CT and PS skills of the Islamic primary school students 

 

 

Meanwhile, at the Islamic primary school level in Figure 3, the variable that meets the criteria as an 

indicator of the implementation of PBL in combination with PhET for Islamic junior high school level is easy 

(easy to use_Islamic junior high school). There was more elimination processes for this level compared to the 

process of Islamic primary school level. There were three elimination processes in the Islamic junior high 

school level. Further analysis shows that there is no similarity in the correlation value for each indicator. 

Each variable at each level has exceeded the minimum level of 0.500. In other words, the discriminant 

validity of the data at each level has been met. Next, the significance level was tested through  

t-statistics and p-values. If the resulting t-statistic value is greater than the t-table, it is stated that there is a 

relationship between these variables. Furthermore, with a significant level above 0.05, the relationship between 

the variables is confirmed to be significant. The results of the significant level test are presented in Table 9. 

 

 

 
 

Figure 3. The relationship of the implementation of PBL in combination with PhET simulation and the PS 

and CT skills of the Islamic junior high school students 

 

 

Further detailed analysis of the data presented in Table 9 shows that the results of the t-test on the 

relationship between the variables do not show the value of 0.001. We found that there is an influence 

between the three variables (PBL+PhET, CT, and PS). Meanwhile, the p-values are below 0.05, indicating a 

significant relationship between the application of combined PBL and PhET simulation to develop CT skills 

and PS for the Islamic primary and junior high schools. The proposed learning method in this study that is 

PBL tended to have an inordinately higher proportion of PS and CT skill. 



                ISSN: 2089-9823 

J Edu & Learn, Vol. 20, No. 2, May 2026: 1138-1152 

1146 

Table 9. Level of significance for each level 
Item Standard deviation t-statistic p-values 

Islamic primary school level:    
PBL+PhET→ PS 0.153 3.075 0.002 

PBL+PhET→ mathematical CT 0.201 2.637 0.009 

Islamic junior high school level:    
PBL+PhET→ PS 0.111 2.600 0.010 

PBL+PhET→ mathematical CT 0.203 6.425 0.001 

 

 

3.2.  Discussion 

3.2.1. Variables interaction of combined PBL and PhET in primary school 

The interaction of variables that have contributed to the implementation of PBL and the use of PhET 

simulation on the PS skills of Islamic primary school level only occur in several related indicators. In the 

application of PBL in combination with PhET, the variables “as new thing”, “happy”, and “easy to use” show 

positive interactions. The greater the innovation provided results in i) higher the interest of students,  

ii) increased contribution to CT and PS skills, iii) better students’ acceptance of the implementation of PBL 

in combination with PhET simulation. These results can be because a mathematics lesson is more advisable 

to apply innovative learning [47]. Hence, innovation in learning can be interpreted as creativity and novelty 

shown by teachers in changing methods and styles when delivering learning. 

Most of the Islamic primary school students assessed that the combination of PBL and PhET 

simulation created learning that was easy to implement, especially in the operation of PhET media. This is 

line with the findings of Lin et al. [48] and Suyatna et al. [49] that learning media that is easy to use, even for 

new users, will be able to improve CT and PS skills. The accessibility of PhET simulation only through PCs 

but also through smartphones. Wadji et al. [50] explained that during the pandemic, the students at the 

Islamic primary school level used smartphones a lot to be able to take part in online learning well. This 

statement shows that Islamic primary school students are more familiar with operating smartphones than 

PCs. The involvement of smartphones resulted in the emergence of a sense of pleasure during the PBL 

learning process in combination with PhET simulation. Niromand et al. [51] explain that learning by using 

smartphones has positive influence on students’ performance in the learning process. Students did not suspect 

that smartphones, which had only been used as a medium for conducting video conferencing in online 

learning, could become a learning medium containing a number of games to stimulate student’s interest.  

However, the variable of “content” in the aspect of the implementation of PBL in combination with 

PhET simulation actually gives a negative interaction on the CT and PS skills of Islamic primary school 

students. The variable of “content” at the Islamic primary level did not get the highest score. This is also 

confirmed by the results of the questionnaire showing that the “content” variable presented cannot guide 

students in understanding new concepts or learning materials. The students at the Islamic primary school 

level have very high enthusiasm in exploring the games presented on PhET media. So, with limited  

face-to-face learning time, they do not have time to interpret the learning materials conveyed in the 

application of PBL in combination with PhET media. This can be because the application of this learning is a 

new experience for them, considering that previous learning was only done online.   

Another factor that is suspected to cause the difficulty of “content” variable to provide positive 

interaction of the CT skills is the difficulty to minimize the psychological and physiological factors of the 

Islamic primary school level students. Students of this age cannot acquire knowledge through De, or use 

strict logical procedures in thinking, evaluating, and learning. The implementation of PBL is combined with 

PhET simulation by prioritizing learning content that is not yet synchronous with the abilities possessed by 

Islamic primary school students. A gradual process is needed to trigger students’ knowledge. The gradual 

process will help students to be connected to the implementation of PBL in combination with PhET 

simulation. These actions help students to develop CT and PS skills. This is appropriate to the condition of 

CT skills at the elementary school or Islamic primary school level which are still classified as very low. This 

finding is in line with Kolstø et al. [52] who shows how specific student centered teaching strategies and 

students’ responses to these strategies contribute to a classroom culture permeated with CT practices. 

Uniquely, the “read and think’’ indicator on the aspect of problem-solving skills and the “inference” 

indicator on the aspect of CT skill did not show a positive interaction on the application of PBL in 

combination with PhET media, even though both indicators got the highest scores. In the “read and think” 

and “inference” indicators, students are required to describe and formulate problems. Meanwhile, when 

students cannot understand a learning material, there will be a major impact on students when asked to 

formulate problems related to the material. Sinnema et al. [53] revealed that the biggest difficulty for students 

in solving problems is in formulating and linking information in a problem, especially when dealing with 

problems of description. In other words, the negative interaction on the “read and think” and “inference” 
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indicators is influenced by the negative interaction on the “content” variable. When the students find the 

content in a learning media as difficult, they potentially have lower problem-solving and CT skills, especially 

in the fulfillment of these two indicators of “read and think” and “inference”. 

However, there are different results related to the “reflect and extend” indicator on the aspect of 

problem-solving skills and the “Recognition of Assumption” indicator on the aspect of the CT skills in which 

both have the lowest score at the Islamic primary school level. In both indicators, students are required to  

re-check, convey arguments, and develop problems. Studies by Siregar and Kairuddin [54] also found that only 

a few students’ activities in solving problems could be categorized as meeting the “reflect and extend” indicator. 

This is complemented by the findings by Lestari et al. [55] in that the “recognition of assumption” indicator also 

gets the lowest score compared to the other four indicators. This means that students are not used to re-

checking. The fact that the content of learning cannot be captured properly can be one of the causes of students 

not being able to convey logical arguments from the results of solving the problems at hand. So, it is not 

surprising that the results of this study show that the application of PBL in combination with PhET media 

showed a negative interaction with the indicators of “reflect and extend” and “recognition of assumption”. 

 

3.2.2. Variables interaction of combined PBL and CT in junior high school 

At the Islamic junior high school level, the interaction of variables that have contributed to the 

implementation of PBL and the implementation of PhET simulation on students’ PS skills also does not 

occur in all related indicators. In the application of PBL in combination with PhET, the variable “easy to use” 

is the only variable that shows a positive value of interaction. In fact, when reviewing the results of the 

student response questionnaire scoring, it is the variable “happy” that actually gets the highest score. Most of 

the Islamic junior high school level students assessed that the application of PBL in combination with PhET 

media created a pleasant learning atmosphere.  

Although Miller [56] found that Islamic junior high school students who feel interested in learning 

materials tend to be interested in reading and trying to solve problems related to the material, the students’ 

interest in solving problems does not necessarily become a benchmark CT and PS skills. A study by Hsu and 

Chen [57] found an interaction between the application of learning models, and CT. Similar results were also 

found by Chen and Chang [58] found that game-based learning can enhance students’ intrinsic motivation, 

reduce cognitive load, and promote effective learning behavior in science learning. A study by Tang [59] 

found that digital immersive technology in educating can promote CT. 

Winkler et al. [60] explained that learning that utilizes technology has a positive influence on 

increasing CT and PS skills. Currently, technology empowerment in learning is used to create more effective 

learning and encourage better learning outcomes. On the other hand, learning that does not apply technology 

will make it difficult for students to develop their abilities [20]. Therefore, the technology used should not 

make it difficult for students. One potential technology that already shows ease in use as found in this 

research is PBL in combination with PhET simulation. Findings of the study show that the implementation of 

the technology in this model of combination can create learning that is easy to apply, especially on the 

practicality of PhET media. This is because the web-based PhET media can be accessed via a PC or 

smartphones. So, it can be accessed anytime and anywhere. Forms of learning that can be conveniently 

accessed in terms of the timing will create a cooperative and collaborative learning process so that it can lead 

to CT processes and PS [61]. This reinforces the finding that the “easy to use” variable has a positive 

interaction with students’ PS and CT skills even though they do not get the highest score. 

Although Wardani et al. [62] stated that Computer Assisted Instruction (CAI)-based media allows 

students to carry out a repetition process to better understand the material, the “content” variable actually 

shows a negative interaction of students’ CT and PS skills. The results of the questionnaire showed that the 

“content” aspect presented cannot guide students in finding solutions to a problem. The underlying factor is 

that the learning using PBL in combination with PhET simulation is only applied once. In fact, the 

application of PBL which is used as a reference in developing PS skills requires repeated treatment, not only 

once. This is due to students’ lack of experience in solving contextual problems which become the main 

components in the application of PBL learning [63]. If PBL is applied several times, it will give students a 

habit of getting to know the characteristics of PBL for their learning. 

It is not surprising that only the “read and think” indicator on the aspect of problem-solving skills 

and the “inference” and “interpretation” indicators on the aspect of CT skills have positive interactions on the 

application of combined PBL and PhET simulation. In the “read and think” and “inference” indicators, 

students are asked to understand and identify problems. While the “Interpretation” indicator in question is the 

ability to consider and assess the evidence provided and determine whether the generalization of the data can 

be justified. Each of these indicators can be met if students understand the problems they face. In contrast to 

other indicators that show negative interactions such as “FaA” on the aspect of problem-solving skills or the 

“evaluation of arguments” indicator on aspects of CT skills, students cannot only rely on understanding a 

problem but also need mastery of related concepts or materials. Of course, it is difficult to achieve mastery of 
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the concepts when the “content” variable in a lesson shows a negative interaction. This answers the findings 

in this study, that the non-positive relationship is continuous with the implementation of PBL in combination 

with PhET for Islamic junior high school level students. 

 

 

4. CONCLUSION  

Recent observations suggest that the combined PBL and PhET simulation for the Islamic primary 

school level has positive interactions on more diverse variables compared to the Islamic junior high school 

level and Islamic junior high school level. PBL in combination with PhET simulation for the Islamic 

primary school level shows positive interactions on three variables, namely: “happy”, “easy to use”, and “as 

new things” on problem-solving skills (especially on the E&P, SaS, and FaA indicators) and CT skills 

(especially on the RoA indicator). Meanwhile, at the Islamic junior high school level, there was a positive 

interaction in the development of problem-solving skills (especially on the R&T indicator) and CT skills 

(especially on the In and Int indicators) on the “Easy to use the PhET simulation” variable. Our findings 

provide conclusive evidence that this proposed learning method of combined PBL with PhET simulation has 

a significant relationship to develop mathematical CT skills and PS. 

This study explored a comprehensive of interaction in PBL with PhET simulation to CT and PS skills and 

variables compared between Islamic primary school level and junior high school level. Further study may explore 

in-depth the interaction of PBL and PhET simulation to another skills (for examples: mathematical creative 

thinking skill, mathematics communications, and PS), and variables compared to the primary school level, junior 

high school level, and senior high school level. Also, future studies may explore interaction of combine PBL and 

PhET simulation to mathematical creative thinking skills and PS or to mathematics communication skills and PS 

or explore variables compared to the primary, junior high, and senior high school levels. 
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