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Abstract 

 

This study aims to model the relationships between critical, creative, and metacognitive thinking skills in shaping reflective thinking 

abilities among prospective science teachers, particularly within the context of solving complex science problems. A quantitative research 

approach was employed using Structural Equation Modeling (SEM), with data analysis conducted through SmartPLS software. The sample 

consisted of 162 students enrolled in science education courses during the odd semester of the 2024/2025 academic year. Data were 

collected using a standardized questionnaire that had undergone systematic content validity and reliability testing to ensure measurement 

accuracy and consistency. The measurement model analysis demonstrated that all indicators satisfied established validity and reliability 

criteria, with factor loading values exceeding 0.70 and Average Variance Extracted (AVE) values above 0.50. Furthermore, the structural 

model analysis revealed that critical thinking skills exerted the strongest positive and significant influence on reflective thinking abilities 

(β = 0.401; p < 0.001), followed by metacognitive skills (β = 0.337; p < 0.001) and creative thinking skills (β = 0.178; p < 0.05). The 

coefficient of determination (R² = 0.716) indicates that the proposed model explains 71.6% of the variance in reflective thinking ability, 

demonstrating substantial explanatory power. These findings confirm that reflective thinking develops through the synergistic interaction 

of multiple higher-order thinking competencies rather than through isolated cognitive processes. Critical thinking supports systematic 

evaluation of evidence and reasoning, metacognitive skills facilitate awareness and regulation of cognitive strategies, while creative 

thinking encourages flexible exploration of alternative solutions. This study contributes to the advancement of theoretical frameworks in 

science teacher education and provides practical implications for designing instructional strategies, problem-based learning activities, 

reflective assessments, and teacher preparation programs that systematically integrate critical, creative, and metacognitive competencies 

to strengthen prospective science teachers’ reflective thinking and professional decision-making capabilities. 
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1. Introduction. 

In the 21st century, science education is increasingly oriented toward preparing students to solve complex, ill-structured problems that 

reflect real-world challenges. This shift requires redefining the role of the science teacher—from a content provider to a facilitator who not 

only imparts knowledge but also guides students in developing higher-order thinking skills. Teacher-led learning processes should help 

students independently grasp difficult concepts [1], while also implementing strategies that foster critical thinking and other advanced 

cognitive abilities [2]. To effectively fulfill this role, future science teachers must be equipped with higher-order thinking skills themselves, 

which are purposefully developed through teacher education programs. Strengthening these cognitive capacities is essential to enabling 

teachers to foster similar abilities in their students. 

Among the core components of higher-order thinking, critical thinking, creative thinking, metacognitive thinking, and reflective thinking 

each play a vital role in the problem-solving process of science. Critical thinking is the foundation of scientific reasoning, which includes 

the ability to evaluate evidence, make informed judgments, clarify assumptions, and logically test ideas [3][4]. This enables learners to 

assess the credibility of information, recognize bias, and approach problems analytically. Empirical studies have shown that critical thinking 

significantly improves science problem-solving skills, especially when integrated with conceptual understanding [5]. In parallel, creative 

thinking empowers learners to generate original ideas, reframe problems, and explore multiple solutions through divergent and analogical 

reasoning [6][7]. In science education, creativity supports flexible reasoning and allows students to make new connections between 

seemingly unrelated ideas [8][9]. Complementing this, metacognitive thinking—students’ awareness and regulation of their own 
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thinking—plays a fundamental role in effective science learning. Metacognitive skills help learners plan strategies before solving problems, 

monitor progress and recognize errors during the process, and evaluate results to revise approaches as needed [10]. 

While these three cognitive skills—critical, creative, and metacognitive thinking—are often examined independently, their interrelatedness 

becomes particularly evident in the process of reflective thinking. Reflective thinking synthesizes analysis, originality, and self-regulation 

into a unified cognitive process that supports deeper understanding and continuous improvement. It encompasses a range of cognitive 

activities, including questioning, reasoning, evaluating, observing, detecting fallacies, reaching conclusions, and proposing solutions [11]. 

These components enable learners not only to reflect on their prior knowledge and decisions but also to construct new strategies for solving 

complex problems. Research shows that reflective thinking significantly enhances science problem-solving abilities—evaluation skills 

predict success in routine problems, while reasoning skills are key for solving non-routine ones [11].  

Given this integrative nature, reflective thinking may serve as a meta-construct that embodies and operationalizes critical, creative, and 

metacognitive dimensions, offering a compelling rationale for investigating its structural relationship with these predictors. This creates an 

important research gap that the present study addresses by applying Structural Equation Modeling (SEM) to examine how these three 

cognitive skills jointly influence reflective thinking in the context of science problem-solving. To support this inquiry, the following section 

reviews the theoretical foundations and empirical evidence related to critical, creative, metacognitive, and reflective thinking in science 

problem-solving. 

2. Literature Review 

Reflective thinking skills play a pivotal role in shaping transformative science learning. They serve as a critical foundation for the 

development of problem-solving abilities, informed decision-making, and deep conceptual understanding within the context of science 

education [12]. These skills enable individuals to critically evaluate problems, explore alternative strategies, and revise their understanding 

based on evidence and past experiences [11]. In science education, reflective thinking has been found to enhance the effectiveness of 

teaching strategies, facilitate connections between theoretical knowledge and real-world learning, and foster deeper conceptual 

comprehension [13][14]. Despite its importance, the reflective thinking skills of prospective science teachers remain relatively low, and 

the effectiveness of experiment-based learning in enhancing these skills is not yet fully supported [15]. Therefore, strengthening reflective 

thinking represents a critical need in science teacher education. 

Reflective thinking does not operate in isolation but is supported by other higher-order cognitive skills, namely critical, creative, and 

metacognitive thinking. These three skills function as cognitive foundations that enhance the reflective process, especially in addressing 

the demands of systematic scientific problem-solving. While many studies have explored the relationships between individual pairs of 

cognitive skills—such as between critical and reflective thinking, or between metacognitive and reflective thinking—few have attempted 

to comprehensively model the structural interrelationships among critical, creative, and metacognitive thinking and their combined 

influence on reflective thinking, especially in the context of science problem-solving. This represents a significant research gap, considering 

that these higher-order thinking skills often interact dynamically during complex cognitive processes. Addressing this gap, the present 

study aims to construct a structural model that delineates the contribution of critical, creative, and metacognitive thinking skills to the 

reflective thinking abilities of prospective science teachers as they solve scientific problems. A quantitative approach using Structural 

Equation Modeling (SEM) is employed to test the strength and direction of the relationships among variables simultaneously, providing a 

more comprehensive understanding of how higher-order thinking skills function within science education. 

Critical thinking is closely associated with reflective thinking and has a mutually reinforcing relationship with it. Studies have shown that 

individuals with strong critical thinking skills also tend to demonstrate higher reflective thinking abilities, as both involve the processes of 

deep evaluation and reasoning about information and experiences [16][17]. In the realm of scientific problem-solving, critical thinking 

enables individuals to assess arguments, identify biases, and draw reasoned conclusions, while reflective thinking allows them to consider 

the strategies and thought processes they employed. These two skills are integral components of scientific reasoning, working 

synergistically to foster conceptual maturity and more deliberate decision-making [18][19]. 

Creative thinking also contributes significantly to the development of reflective thinking, particularly in scientific problem-solving 

contexts. Research indicates a positive correlation between creative thinking and problem-solving skills, both of which are greatly 

influenced by the ability to reflect on ideas, thought processes, and outcomes [20]. During the creative process, individuals are encouraged 

to explore various potential solutions and construct alternative hypotheses, all of which necessitate careful evaluation—a core aspect of 

reflective thinking. Supporting evidence suggests that creative thinking helps students formulate innovative solutions to scientific problems, 

which implicitly requires revisiting prior knowledge and experiences [21], a hallmark of reflective cognition. Moreover, convergent 

thinking, a key dimension of creativity, has been shown to predict essential scientific skills such as question formulation and evidence 

evaluation. These skills are vital in scientific inquiry because they involve reflective evaluation of strategies and information [22]. Although 

existing literature may not always state an explicit causal relationship between creative and reflective thinking, several central aspects of 

creativity clearly contribute to the development of reflective thinking capabilities. 

Equally important, metacognitive skills form the backbone of reflective thinking by providing the mechanisms for self-regulation in 

learning and problem-solving. Metacognition—awareness and control over one’s own cognitive processes—empowers individuals to 

monitor, evaluate, and adjust their strategies as they engage with complex tasks [23]. This capacity for cognitive management is 

foundational to effective reflective thinking. Research has shown that student teachers with higher levels of metacognitive awareness 

exhibit more complex and meaningful indicators of reflection [24]. Moreover, metacognitive skills support the development of critical 

thinking and promote active cognitive control during the science learning process [25], ultimately enriching the quality and effectiveness 

of reflective engagement. 

Based on a literature review that shows an indication of a relationship between critical, creative and metacognitive thinking skills and 

reflective thinking skills in science problem solving activities, the hypothesis proposed is as follows: 

H1 : Critical thinking skills significantly positively influence reflective thinking skills. 

H2 : Creative thinking skills significantly positively influence reflective thinking skills. 

H3 : Metacognitive thinking skills significantly positively influence reflective thinking skills. 

3. Method 

This study uses a quantitative approach with a correlational design to examine the relationship between critical, creative, metacognitive, 

and reflective thinking skills in the context of solving science problems. Data were collected from 162 prospective science teacher students 
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who had taken the Science Education course in the odd semester of 2024/2025 at the Faculty of Teacher Training and Education, Universitas 

Muhammadiyah Prof. Dr. HAMKA, Indonesia. 

The research instrument consisted of four standardized and validated questionnaires, each designed to measure one main variable. Critical 

thinking skills were measured using an instrument adapted from the Watson-Glaser Critical Thinking Appraisal, which includes indicators 

of analysis, inference, and evaluation [26]. Creative thinking skills were measured based on the Torrance framework, focusing on fluency, 

flexibility, originality, and elaboration [27]. Meanwhile, metacognitive thinking skills were measured using the Metacognitive Awareness 

Inventory (MAI) which assesses two main dimensions, namely knowledge of cognition and regulation of cognition [28]. Reflective thinking 

skills were measured using Reflective Thinking Questionnaire (RTQ), which includes four dimensions: habitual action, understanding, 

reflection, and critical reflection [29]. All items in these four instruments use a 5-point Likert scale, from 1 (strongly disagree) to 5 (strongly 

agree). The validity and reliability of the instruments have been assessed through expert assessment and statistical testing using the 

evaluation of the measurement model (outer model) in SmartPLS. 

Data analysis was carried out using the Partial Least Squares Structural Equation Modeling (PLS-SEM) approach with the help of 

SmartPLS software version 4.0. The analysis stages include two main evaluations. First, the evaluation of the outer model which aims to 

assess convergent validity through factor loading and Average Variance Extracted (AVE) values, discriminant validity through cross-

loading analysis and Fornell-Larcker criteria, and reliability through Cronbach's Alpha and Composite Reliability values. Second, 

evaluation of the inner model, which is conducted to analyze the strength and significance of the relationship between constructs through 

testing the path coefficient, t-statistic value, p-value, R², and effect size (f²). The bootstrapping process with 5,000 sub-samples is used to 

ensure the statistical significance of the paths in the constructed model. The main purpose of bootstrapping is to evaluate the stability and 

robustness of parameter estimates and to provide confidence intervals, thereby increasing the generalizability and credibility of research 

findings [30]. 

4. Results and Discussion 

4.1. Evaluation of the Outer Model 
The evaluation of the measurement model was carried out by considering three main criteria, namely convergent validity, discriminant 

validity, and construct reliability. Convergent validity was assessed through three statistical indicators, namely outer loading, Average 

Variance Extracted (AVE), and Composite Reliability (CR). Referring to the guidelines, a good outer loading value must be above 0.70, 

the AVE value must be at least 0.50, and CR must exceed 0.70 [30].  

Table 1. Convergent Validity 

Variable Construct Outer Loading AVE Alpha CR 

Creative Thinking 

Flexibility 0.744 – 0.866 0.689 0.849 0.898 

Fluency 0.872 – 0.904 0.772 0.901 0.931 

Originality 0.863 – 0.942 0.811 0.922 0.945 

Elaboration 0.791 – 0.919 0.717 0.867 0.910 

Critical Thinking 

Analysis 0.842 – 0.912 0.778 0.857 0.913 

Interpretation 0.777 – 0.900 0.729 0.814 0.889 

Evaluation (CT) 0.870 – 0.885 0.772 0.852 0.910 

Inference 0.877 – 0.892 0.778 0.858 0.913 

Metacognitive 

Metacognitive Knowledge 0.737 – 0.904 0.670 0.834 0.890 

Planing 0.869 – 0.877 0.778 0.857 0.913 

Monitoring 0.871 - 0.887 0.777 0.857 0.913 

Debugging 0.866 – 0.901   0.783 0.862 0.916 

Evaluation (MC) 0.837 – 0.905 0.758 0.840 0.904 

Reflective Thinking 

Reasoning 0.718 – 0.878 0.632 0.853 0.895 

Questioning 0.762 – 0.856 0.673 0.878 0.911 

Evaluation (RT) 0.807 – 0.896 0.719 0.902 0.927 

 

Based on table 1, we can see that all indicators have an outer loading value above 0.70, which indicated that each item was able to represent 

its construct well. The AVE value of each construct has also met the set threshold, with a range between 0.632 (Reasoning) to 0.883 

(Originality), thus reflecting the construct's ability to explain the variance of its indicators. Meanwhile, the CR value for all constructs is 

above 0.70, even ranging from 0.890 to 0.945, indicating a very high level of internal consistency. The Cronbach's Alpha value is also 

consistently high, which is above 0.80 for all constructs, thus strengthening the finding that the instrument has stable and reliable reliability. 

Thus, the convergent validity and internal reliability of the measurement model can be stated to have been fulfilled.  

Table 2. Discriminant Validity: Fornell & Larcker Criterion 

                  

  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Analysis (1) 0.882                
Debugging (2) 0.695 0.885               
Elaboration (3) 0.685 0.612 0.847              
Evaluation (CT) (4) 0.822 0.748 0.751 0.878             
Evaluation (MC) (5) 0.720 0.852 0.574 0.799 0.871            
Evaluation (RT) (6)  0.734 0.838 0.611 0.794 0.853 0.848           
Flexibility (7) 0.742 0.638 0.675 0.771 0.658 0.667 0.830          
Fluency (8) 0.823 0.670 0.753 0.832 0.679 0.690 0.818 0.879         
Inference (9) 0.804 0.734 0.693 0.849 0.793 0.833 0.754 0.842 0.882        
Interpretation (10) 0.724 0.630 0.672 0.704 0.650 0.650 0.793 0.771 0.713 0.854       
Metacognitive Knowledge (11) 0.682 0.659 0.641 0.693 0.639 0.627 0.634 0.668 0.665 0.647 0.818      
Monitoring (12) 0.680 0.733 0.527 0.589 0.606 0.584 0.553 0.617 0.604 0.663 0.633 0.882     
Originality (13) 0.782 0.672 0.675 0.796 0.667 0.699 0.817 0.848 0.840 0.764 0.697 0.628 0.901    
Planing (14) 0.716 0.761 0.603 0.756 0.745 0.693 0.655 0.721 0.742 0.712 0.778 0.690 0.736 0.882   
Questioning (15) 0.605 0.689 0.512 0.661 0.722 0.767 0.522 0.594 0.656 0.582 0.561 0.579 0.556 0.643 0.820  
Reasoning (16) 0.749 0.740 0.600 0.763 0.794 0.853 0.627 0.718 0.778 0.654 0.677 0.643 0.693 0.712 0.812 0.795 
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Furthermore, discriminant validity was tested using two approaches, namely the Fornell-Larcker criterion and the Heterotrait-Monotrait 

ratio (HTMT). Based on the results in the Fornell-Larcker (Table 2), the square root of the AVE of each construct (shown on the diagonal) 

is greater than the correlation between other constructs (off the diagonal), indicating a clear separation between constructs. This finding is 

consistent with the recommendation by Fornell and Larcker, who stated that discriminant validity is achieved when a construct’s AVE 

square root exceeds its correlations with other constructs [31].  

Table 3. Discriminant Validity: Heterotrait-Monotrait ratio 

 

In addition, the results of the HTMT analysis (Table 3) show that all HTMT values are below the threshold of 0.90, with a range 0.561 - 

0.882. According to Henseler, Ringle, and Sarstedt, HTMT values below 0.90 indicate sufficient discriminant validity between reflective 

constructs [32]. This indicates that each construct has an empirically significant difference, and thus discriminant validity has been 

achieved. 

4.2. Evaluation of the Inner Model 
The results of the structural model evaluation (inner model) show that all independent variables, namely critical thinking skills, creative 

thinking skills, and metacognitive thinking skills, have a positive and significant influence on reflective thinking skills. The coefficient of 

determination (R²) value for the Reflective Thinking construct is 0.769, indicating that 76.9% of the variance in reflective thinking skills 

can be explained by the three thinking skills together. Based on the criteria, this value indicates that the model has substantial predictive 

power [30]. 

 

Fig 1. Structural Model Assessment 

In more detail, critical thinking skills contribute the strongest influence on reflective thinking with a path coefficient value of β = 0.637, 

followed by metacognitive thinking skills (β = 0.508) and creative thinking (β = 0.264). All paths have a p value <0.05, so hypotheses 

H1, H2, and H3 are statistically accepted. 

4.3.  The Role of Creative, Critical, and Metacognitive Skills in Reflective Thinking 
The results of the structural model evaluation show that critical, creative, and metacognitive thinking skills have a significant effect on the 

formation of reflective thinking skills. Among the three, critical thinking skills make the most significant contribution to the formation of 

reflective thinking skills. This finding indicates that the reflection process in solving science problems is influenced by the ability to analyze 

information, evaluate evidence, and draw logical conclusions which are the main components of critical thinking. The positive relationship 

between critical and reflective thinking skills has also been supported by various previous studies [16][7]. In solving science problems, 

reflective thinking is not only about remembering information, but also evaluating assumptions, analyzing data, and assessing the strategies 

used. This process is identical to critical thinking elements such as interpretation, analysis, inference, explanation, and self-regulation [34]. 

For example, when students reflect on the wrong answer in a science problem-solving problem, they will retrace their thoughts, identify 

incorrect assumptions, evaluate relationships between concepts, and rearrange the solution strategy. Thus, reflection becomes a space for 

the actualization of critical thinking skills to work actively and comprehensively in understanding and solving science problems. Moreover, 

in addition to being an analytical tool, critical thinking also plays a role as a self-regulation mechanism in learning. Students who master 

this skill will be better able to monitor their thinking, evaluate the learning process independently, and make corrections to thinking errors, 

  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Analysis (1)                                 

Debugging (2) 0.808                 

Elaboration (3) 0.792 0.707                
Evaluation (CT) (4) 0.761 0.841 0.841               

Evaluation (MC) (5) 0.846 0.798 0.667 0.842              

Evaluation (R) (6)  0.836 0.750 0.693 0.805 0.778             

Flexibility (7) 0.862 0.743 0.787 0.804 0.769 0.758            
Fluency (8) 0.836 0.758 0.751 0.849 0.775 0.765 0.829           

Inference (9) 0.838 0.842 0.802 0.792 0.831 0.848 0.844 0.757          

Interpretation (10) 0.844 0.748 0.784 0.829 0.777 0.761 0.845 0.790 0.846         

Metacognitive Knowledge (11) 0.813 0.770 0.745 0.814 0.756 0.716 0.743 0.764 0.776 0.781        
Monitoring (12) 0.792 0.842 0.611 0.687 0.708 0.664 0.642 0.701 0.702 0.790 0.740       

Originality (13) 0.839 0.753 0.756 0.798 0.754 0.769 0.810 8.000 0.844 0.771 0.785 0.707      

Planing (14) 0.836 0.845 0.701 0.785 0.844 0.789 0.760 0.820 0.765 0.843 0.807 0.805 0.829     

Questioning (15) 0.696 0.791 0.584 0.761 0.839 0.760 0.600 0.664 0.752 0.680 0.649 0.664 0.617 0.739    
Reasoning (16) 0.842 0.839 0.698 0.795 0.842 0.772 0.736 0.820 0.815 0.788 0.801 0.758 0.789 0.838 0.832   
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all of which support the formation of deep and directed reflective thinking [35]. In the context of science, this ability helps students to 

guide the complex problem-solving process reflectively, while bridging conceptual understanding and practical application. Integration of 

new knowledge with previous experience is a characteristic of effective scientific reflection, which allows for conscious and meaningful 

conceptual restructuring [36]. 

In addition to critical thinking skills, creative thinking skills have been shown to contribute significantly to the formation of reflective 

thinking skills. This shows that the reflection process in solving science problems cannot be separated from students' creative thinking 

skills. Creative thinking includes fluency, flexibility, originality, and elaboration skills that allow students to explore various approaches 

in understanding and solving problems [37]. This creative thinking ability is very important when students are faced with complex problems 

that require in-depth analysis and discovery of new solutions, such as in the activity of compiling comprehensive solutions to given science 

problems [38]. In the context of reflective thinking, when students solve science problems, students are required to review their thinking 

process, assess the effectiveness of the strategies used, and consider other alternatives based on their experience and knowledge. This 

process naturally intersects with elements of creative thinking because it encourages students to not only evaluate, but also generate new 

ideas and see problems from various perspectives [39]. In the stages of reflective thinking, the ability to generate original ideas, re-formulate 

concepts, and try different strategies is greatly influenced by creative thinking skills [40]. Therefore, developing reflection requires not 

only deep and critical thinking, but also creative thinking and openness to new possibilities. In scientific problem solving, reflective 

thinking strengthens students' ability to evaluate solutions, examine procedures, and try alternative approaches, a process that is also closely 

related to creative ability [11]. When students reflect on mistakes or successes in solving problems, they are often required to find new, 

more effective ways, which is a key feature of creative thinking.  

In addition to critical and creative thinking, metacognitive skills also contribute significantly to the formation of reflective thinking. These 

findings indicate that the higher a person's metacognitive ability, the greater their tendency to think reflectively in depth when facing 

problems in the context of science learning. Metacognitive skills, which include awareness of one's own thinking processes, monitoring, 

and regulating learning strategies, have been shown to play an important role in science learning at various levels of education [41]. At 

elementary to higher education levels, these skills help students not only understand concepts but also reflect on what they learn and how 

they learn [42][43]. In the context of problem solving, metacognitive skills have been shown to be strongly correlated with students' success 

in completing science tasks. Students with high metacognitive awareness tend to choose appropriate strategies, evaluate the steps taken, 

and revise the approach when necessary, all of which are aspects also found in the reflective thinking process [44][45]. For example, when 

students monitor their understanding of a science concept and realize a misunderstanding, they are not only demonstrating metacognition 

but also reflective thinking because it involves evaluating and improving their thinking.  

Several studies have shown that teaching practices that integrate metacognitive strategies, such as argument-based inquiry models or 

reflective electronic portfolios, can systematically foster the growth of reflective thinking [46][47]. In them, students are trained to plan 

problem-solving strategies, monitor their thinking progress, and evaluate the final results. These activities reflect a direct relationship 

between the components of metacognitive thinking (monitoring, controlling, evaluating) and the stages of reflective thinking (becoming 

aware of learning experiences, identifying errors, evaluating solutions). This relationship is further strengthened by the finding that 

metacognition is the foundation for the development of reflective thinking, which emphasizes the ability to analyze, evaluate, and adapt in 

complex situations [24][48]. In other words, when students are able to reflect on their awareness and thinking strategies, they not only 

develop metacognition but also deepen their reflective thinking skills.  

Reflective thinking in science learning is a synergistic result of critical, creative, and metacognitive thinking skills. All three contribute 

significantly to shaping students' ability to evaluate, revise, and develop thinking strategies in depth in dealing with complex scientific 

problems. Critical thinking skills act as an evaluative foundation that allows students to analyze information, identify thinking errors, and 

draw logical conclusions based on evidence. Meanwhile, creative skills expand the scope of reflection through flexibility of ideas, 

originality, and the ability to view a problem from various perspectives, which are very important when students are looking for alternative 

solutions to a problem. Meanwhile, metacognitive skills function as a regulatory mechanism that allows students to be aware of, monitor, 

and direct their own thinking processes, so that reflection is not only a passive activity, but develops into an active process in planning, 

monitoring, and evaluating learning strategies. In problem-solving activities, these three skills work in a complementary manner.  

5. Conclusion 

This study shows that the reflective thinking skills of prospective science teachers are greatly influenced by critical, creative, and 

metacognitive thinking skills. Among the three, critical thinking has the greatest influence. This finding emphasizes the importance of 

integrating higher-order thinking skills (HOTS) in science learning so that students are able to analyze, innovate, and reflect on their 

understanding in depth. The implication of this result is the need for curriculum and learning that explicitly trains the three skills in an 

integrated manner. Strengthening reflective skills is also important for prospective teachers to improve their professionalism in assessing 

and improving their teaching practices. In addition, the results of this study provide input for education policy makers to emphasize HOTS 

training, not just on mastering facts. This study is structural in nature, so further studies are recommended to explore the mediating or 

moderating role between variables, as well as testing this model in other contexts such as STEM education or on teachers who are already 

teaching. 
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