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Abstract: This study aims to analyze the effect of problem-based learning models on 
students' critical thinking skills in terms of cognitive style, analyze the effect of 
cognitive style on students' critical thinking skills, and analyze the interaction 
between problem-based learning models and cognitive styles on students' critical 
thinking skills. The type of research used is quasi-experimental with a factorial design 
research design. The population in this study were all students of class XI IPA at 
MAN 1 Central Lombok. The research sample was taken using a purposive sampling 
technique. The data collection technique in this study was taken using an instrument 
for students' critical thinking skills: a descriptive test of 10 questions and data 
collection of cognitive styles using the Group Embedded Figure Test (GEFT) 
instrument. The research hypothesis was tested using a two-way ANOVA test. The 
study results showed that: 1) there is an influence on students' critical thinking skills 
based on the problem-based learning model with a significant level of 0.000 <0.050. 
2) cognitive style influences students' critical thinking skills with a significant level 
value of 0.001 <0.050. 3) there is no interaction between cognitive style and problem-
based learning model on students' critical thinking ability with a significance level of 
0.097>0.050. Thus, it means that the problem-based learning model influences 
students' critical thinking ability, cognitive style influences students' critical thinking 
ability, and there is no interaction between cognitive style and learning model on 
students' critical thinking ability. 
 
Keywords: Cognitive Style; Critical Thinking Skills; Field Dependent; Field 
Independent; Problem Based Learning 

  

Introduction  
 

The world of education is facing the era of industrial 
revolution 5.0. In this era of revolution, students are 
expected to be able to master the skills found in the 21st 
century, which consist of life skills, thinking skills, and 
acting skills (Marwan et al., 2020). Education in this era 
also emphasizes the importance of developing critical 
thinking skills in students. Critical thinking solves 
problems that affect students' success (Hardiyanto et al., 
2021). Critical thinking is also an effort in self-regulation 
to decide something that results in analysis, 
interpretation, evaluation, and presentation using a 
concept, evidence, criteria, methodology, and contextual 
considerations that are the basis for making a decision 
(Facione, 2006). Critical thinking is closely related to 
high-level thinking because all components of high-level 
thinking are found in critical thinking skills (Suciati, 
2022). Critical thinking skills are logical, reflective, 

systematic, and productive thinking skills used to make 
the right decisions (Sari et al., 2019). Critical thinking is 
a process that deliberately assesses the quality of one's 
thinking by using reflective, independent, transparent, 
and rational thinking (Rizaldi et al., 2019). This process 
is a form of critical thinking that needs to be developed 
in a person (Rizaldi et al., 2021). Critical thinking is an 
attitude to thinking deeply about problems and things 
that are within the scope of a person's knowledge 
experience of methods and logical reasoning and the 
ability to apply these methods (Nasution, 2018; Nugraha 
et al., 2017; Rahmawati et al., 2009). Therefore, students 
can hone their thinking skills through high-level 
learning or High Order Thinking skills (HOTS). High-
level thinking skills or High Order Thinking Skills 
(HOTS) are the abilities possessed by students in 
processing information or ideas critically and creatively 
in order to be able to solve a problem that involves the 
process of analysis, interpretation, evaluation, and 
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creation (Juniadi et al., 2020). Problem-solving is the 
highest component in HOTS questions that can be solved 
with critical thinking skills (Andriyani et al., 2022). In 
other words, high-level thinking skills (HOTS) 
possessed by students can help them solve problems by 
involving critical and creative thinking skills to produce 
solutions to the problem. This high-level thinking ability 
can also be developed through interactive classroom 
learning because it can build students' critical thinking 
skills. The learning method that can be used as a tool to 
develop students' high-level thinking skills is the 
problem-based learning model. Based on the results of 
an interview conducted with a Physics teacher at a 
school in Central Lombok Regency, it was found that 
students' ability to analyze physics problems still needed 
to improve. This affects the average value of students' 
learning outcomes in the Physics subject of class XI IPA. 
The results show that 1 out of 5 classes scored above the 
Minimum Completion Criteria, and four scored below 
the KKM. Students still need help solving problems 
given by teachers, both in the form of questions and 
projects. Therefore, efforts are needed to improve 
students' abilities to solve problems teachers give. One 
of the learning approaches that can encourage the 
development of student's critical thinking skills is a 
problem-based learning model. 

This problem-based learning model has been 
widely recognized as a model that can develop critical 
thinking skills, such as research conducted by Junaidi et 
al. (2020), which shows that students with critical 
thinking skills can solve HOTS questions well. This 
problem-based learning has a syntax that focuses on the 
problems presented by the teacher to students by solving 
the problems with the knowledge and skills they have 
and from various sources they have (Lidinillah, 2007). 
Problem-based learning is a learning model that focuses 
on identifying a problem and developing a solution plan. 
This learning model is designed to increase the potential 
for thinking and solving problems (Harahap et al., 2021). 
Problem-based learning is learning designed around 
comprehensive, accurate, and complex problems that 
provide opportunities for students to acquire 
knowledge, understanding, and skills that the 
curriculum has determined (Valdez et al., 2019). The 
problem-based learning model is one of the classroom 
learning models with the characteristics that in 
classroom learning activities, there are real problems 
that can be used as a reference for students to solve these 
problems (Susilawati et al., 2023). In addition, the 
problem-based learning model can also motivate 
students to develop and organize their knowledge 
(Widiawati et al., 2022) and hone high-level skills 
(Hidayatin et al., 2022). This problem-based learning 
model also offers a learning concept where students face 
authentic problems requiring in-depth analysis, 

problem-solving, and critical thinking to achieve deep 
understanding. However, in its application, the 
effectiveness of problem-based learning can vary 
depending on individual characteristics, including 
cognitive style.  

 Cognitive style also refers to how a person 
processes information, solves problems, and faces 
intellectual tasks. Felder-Silverman's learning theories 
identify variations in students' cognitive learning styles, 
such as visual-verbal, active-reflective, and sensitive-
intuitive learning styles; these three learning styles can 
influence how students respond to and process 
information. Students with a field-independent 
cognitive style generally process the information they 
receive in learning. In contrast, students with a field-
dependent cognitive style generally accept the 
information available (Wijaya, 2020). Students with a 
field-independent cognitive style are generally more 
independent in learning and are curious about a field 
and the problems they like. They like learning, which 
involves their activities in finding knowledge. The 
knowledge they acquire will be understood more 
quickly and stored in their memory longer. Students 
with a field-dependent learning style generally need 
help from others in understanding learning information. 
They prefer to learn something specific, do not like 
independent tasks, and have good imagination skills. 

This study aims to test the effect of using problem-
based models on students' critical thinking skills as 
viewed from cognitive style. Hopefully, this study can 
add more profound insight into problem-based learning 
models, as viewed from the cognitive style perspective, 
in improving students' critical thinking skills. The 
benefits of this study are expected to provide a better 
understanding to educators and students in improving 
the quality and learning outcomes in the classroom. In 
addition, this study is also expected to be a guide in 
implementing problem-based learning strategies as 
viewed from a cognitive style. 
 

Method  
 

This study used a quasi-experimental method 
without conducting random subject selection. The 
subjects in this study were in the form of predetermined 
groups. This study used a factorial design. Two groups 
of classes: the experimental class and the control class. 
Both classes were given field-independent and field-
dependent cognitive style interventions with 
conventional learning models in the control class and 
problem-based learning models in the experimental 
class. Before being given adaptation, students were 
given a cognitive style test instrument to obtain data on 
cognitive power tendencies and an initial test to 
determine the level of critical thinking skills. After being 
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given adaptation by applying a problem-based learning 
model in the experimental class and conventional 
learning in the control class, students were given a final 
test to determine their level of critical thinking skills. The 
population in this study is described in Table 1. The 
population of this study was all students of class XI 
MAN 1 Lombok Tengah. The selected sample consisted 
of students from class XI IPA 1 as the control class and 
class XI IPA 2 as the experimental class. This study uses 
a critical thinking ability test as a post-test and pre-test. 
It conducts a cognitive style test as a Group Embedded 
Figure Test (GEFT) instrument for the experimental and 
control groups. Furthermore, they provided 
experimental class treatment in the form of learning 
activities using a problem-based model and provided 
treatment to the control class using a conventional 
model.. The research flow can be seen in Figure 1. 
 

 
Figure 1. Research Flow 

 
Table 1 Non-equivalent Control Group Design 
Class Pretest Treatment Posttest 

Experiment O1 X1 O2 
Control O1 X2 O2 

Information: 
O1 : Experimental and control classes before 

being given treatment 
O2 : Experimental and control classes after 

being given treatment 
X1 : PBL model assisted by physics learning 

videos on static fluid material 
X2 : Conventional learning model 

𝑟𝑥𝑦 = 
𝑁 Σ𝑋𝑌−(Σ𝑋)(Σ𝑌)

√{(𝑁 Σ𝑋2 )−(Σ𝑋)2 } {(𝑁 Σ𝑌2 )−(Σ𝑌)2 } 
 (1) 

 
Information: 

𝑟𝑥𝑦 : Correlation coefficient between variables 
X and Y 

N : Number of students 
Σ𝑋 : Number of values of variable X 
Σ𝑌 : Number of variables Y 

Σ𝑋𝑌 : Number of values of multiplication of X 
and Y 

(Σ𝑋)2  : Number of variables X squared 
Σ𝑋2  : Number of squares of variables X 

(Σ𝑌)2  : Number of variables Y squared 
Σ𝑌2  : Number of squares of variables Y 

 
The validity test can be found using the Pearson 

product-moment formula (Sundayana, 2016) as 
Equation 1. The r_xy value is then consulted with the “r” 
Product moment table with a significance level of 5%. 2 
criteria occur. If r_xy ≥ r_table, then the question is said 
to be valid; if r_xy <r_table, then the question is said to 
be invalid. 

Question reliability test: A Reliability test is usually 
used to find out how precise the measuring instrument 
will be used to measure. A test is reliable if the 
measurement results from the tested group show 
consistency. This means the ability of an instrument or 
test to produce scores that are close to the same for each 
individual if repeated testing is carried out on the same 
or different individuals (Sundayana, 2016). Reliability 
refers to an understanding that an instrument can be 
trusted to be used as a data collection tool. Reliable 
means trustworthy, meaning it can be relied on 
(Arikunto, 2013). The reliability test used Cronbac’s 
Alpha formula or Alpha Coefficient as Equation 2 
(Sundayana, 2016). The r_11 value obtained was then 
compared with the r-product moment table with a 
significance level of 5%. There are two criteria for the 
results obtained: if r_11 ≥ r_table, then the question is 
said to be reliable, and if r_11 < r_table, then the question 
is said to be unreliable. 

Level of difficulty of questions The instrument 
questions used are relatively straightforward. Each 
question item’s difficulty level must be evenly divided 
into easy, medium, and complex. This aims to ensure 
that the instrument is easy for students to complete. The 
equation used to determine the difficulty of essay-type 
questions 3 (Sundayana, 2016). 
 

   𝑟11= (
𝑛

𝑛−1
) (1 −  

Σ𝑠𝑖
2

𝑠𝑡
2 )            (2) 

Information: 
𝑟11 : Instrument reliability 
n : Number of questions 

Σ𝑠𝑖
2 : Number of item variants 
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𝑠𝑡
2 : Total variance 

 

TK = 
𝑆𝐴+𝑆𝐵

𝐼𝐴+𝐼𝐵
  

 

(3) 

Tabel 2. Classification of Question Difficulty Level 
Question items Difficulty Level Category 

1 TK = 0.00 Too difficul 
2 0.00 < TK ≤ 0.30 Difficult 
3 0.30 < TK ≤ 0.70 Medium 
4 0.70 < TK ≤ 1.00 Easy 
5 TK = 1.00 Too easy 

(Sundayana, 2016) 
 
Discriminatory power is the ability of questions to 

differentiate between high-ability and low-ability 
students. The equation for determining the 
discriminatory power of essay-type questions is shown 
by Equation 4 (Sundayana, 2016). 
 

DP = 
𝑆𝐴−𝑆𝐵

𝐼𝐴
  

 

(4) 

Information: 
TK : Difficulty level 
DP : Differential power 
SA : Total score of upper groups 
SB : Total score of lower groups 
IA : Total ideal score of upper groups 
IB : Total ideal score of lower groups 

 
Tabel 3. Classification of Differential Power of 
Question Items 
Question 
items 

Difficulty Level Category 

1 DP = 0.00 Very low 
2 0.00 < DP ≤ 0.20 low 
3 0.20 < DP ≤ 0.40 middle 
4 0.40 < DP ≤ 0.70 high 
5 0.70 < DP ≤ 1.00 Very high 

 

Results and Discussion 
 
Result 

This study evaluates students' critical thinking 
skills through problem-based learning models 
compared to conventional ones. The instrument trial 
conducted in class X E-4 MAN 1 Lombok Tengah 
showed that all ten questions were valid and reliable. 
Analysis of the level of difficulty of the questions 
showed 4 questions in the difficult category and six 
questions in the medium category. In contrast, the 
discriminant power test showed 1 question in the high 
category, seven in the medium category, and two in the 
low category. This study was conducted in class XI 
MIPA 1 as the experimental class and XI MIPA 2 as the 
control class, each for five meetings. At the beginning of 

the study, a pretest was conducted to measure students' 
initial critical thinking skills. The pretest results showed 
that both classes had deficient initial skills, with an 
average score of 38.90 for the experimental and 37.60 for 
the control classes. After being given different 
treatments, a posttest was conducted to measure the 
increase in students' critical thinking skills. The results 
showed a significant increase in the experimental class 
with an average score of 68.70, while the control class 
obtained an average score of 61.56. Overall, the 
experimental class showed higher improvements in all 
indicators of critical thinking skills compared to the 
control class (Figure 3).  

As a moderator variable, students' cognitive style 
was measured using the GEFT test. The distribution of 
cognitive style in the experimental class was 52% field-
independent and 48% field-dependent, while in the 
control class, it was 46% field-independent and 54% 
field-dependent. Critical thinking skills based on 
cognitive style showed that students with field-
independent cognitive style in the experimental class 
had an average score of 75.45, higher than those in the 
control class with an average score of 66.73. Students 
with a dependent cognitive style in the experimental 
class had an average score of 70.83, also higher than 
those in the control class, with an average score of 58.64 
 

 

 

(a)  

 

 

(b)  
Figure 2. Graph of Pretest (a) and Post Test (b) Results in 

the experimental class and control class 
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Figure 3. Average Posttest Critical Thinking Ability of Physics Students for Each Indicator 

 

 
Figure 4. Comparison of critical thinking skills based on 

students' cognitive styles 

 
Hypothesis test analysis using a two-way ANOVA 

parametric statistical test shows that the problem-based 
learning model significantly affects student's critical 
thinking skills (p < 0.05). In addition, cognitive style also 
has a significant effect on students' critical thinking skills 
(p < 0.05). However, there is no significant correlation 
between the problem-based learning model and 
cognitive style in terms of students' critical thinking 
skills (p > 0.05). The results of the hypothesis test can be 
seen in Table 4.  

 

 
Tabel 4. Average Level of Critical Thinking Skills Per Student Indicator 
Cognitive Style Class  Cognitive Style Class  Average level of Critical Thinking Ability 

per Indicator 

A B C D E 

Field Independent Experiment 
(13 students) 
Field Dependent 
(12 students) 

Field Independent Experiment 68 85 69 74 71 
(13 students) 

Field Dependent 63 70 59 65 66 
(12 students) 

Field Independent Control 
(13 students) 
Field Dependent 

Field Independent Control 62 65 66 64 66 
(13 students) 

Field Dependent 44 51 44 49 55 
(11 students) × 

Information 

A : Interpretation 

B : Analysis 

C : Evaluation 

D : Inference 

E : Explanation 

 
Tabel 4. Hypothesis Test Analysis Results 

Source Sum of Squares Type III Df Mean Square F Sig 

Model 1099.537 1 1099.537 54.174 0.000 
Cognitive Style 255.381 1 255.381 12.583 0.001 
Model×Cognitive Style 58.418 1 58.418 2.8780 0.097 
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The results of the two-way ANOVA calculation are 
supported by a plot diagram showing the interaction 
between cognitive style and learning model. Intersecting 
lines indicate the interaction between cognitive style and 
learning model, while parallel lines indicate no 
interaction. The image for the results of the two-way 
ANOVA calculation can be seen in Figure 5.  

 
Figure 5. Interaction between problem-based learning models 

and cognitive styles on students' critical thinking skills 
 
Discussion 

This study was conducted in class XI at MAN 1 
Lombok Tengah using two sample groups: an 
experimental class that uses a problem-based learning 
model, and a control class that applies a conventional 
learning model. This study aims to evaluate the effect of 
the problem-based learning model on students' critical 
thinking skills and to examine the interaction between 
learning models and cognitive styles on critical thinking 
skills. 
 
The Influence of Problem-Based Learning Models on 
Students' Critical Thinking Skills 

This study found that the average pretest score of 
students' critical thinking skills in both classes was 
meager. This indicates that conventional learning 
methods have yet to improve students' critical thinking 
skills. Conventional learning tends to focus on the result 
without involving the critical thinking process in depth. 
According to Ennis (2011), critical thinking involves 
analyzing, evaluating, and synthesizing information 
logically and systematically, which is not achieved in 
conventional learning methods. 

As applied to the experimental class, the problem-
based learning model is designed to stimulate students' 
critical thinking activities through various systematic 
stages. In the first stage, namely organizing students to 
learn, the teacher provides demonstrations and 
questions that stimulate students to express their prior 
knowledge. This is in line with the theory of 
constructivism, which states that knowledge is built by 
individuals through active interaction with their 
environment (Tanjung et al., 2023). 

The second stage requires students to explore their 
knowledge with minimal guidance from the teacher, 
training their analytical skills. The LKPD given at this 
stage is designed to train indicators of critical thinking 
skills such as analysis and evaluation. According to 
Facione (2011), analytical skills involve breaking down 
problems into smaller parts and identifying 
relationships between those parts. 

In the third stage, students conduct individual or 
group investigations, practicing their inference and 
analysis skills. Students are asked to observe the 
surrounding environment related to global warming 
symptoms and explain and analyze their findings. This 
strengthens the statement of Persky et al. (2019) that 
critical thinking skills can be developed through 
challenging and relevant learning experiences. 

The fourth stage involves presenting the results of 
observations, which trains students' explanation skills. 
At this stage, students learn to convey the results of their 
thinking logically and systematically based on the 
evidence and facts they have collected. This is important 
for building higher critical thinking skills such as 
explanation and synthesis (Sarwanto et al., 2021). 

The fifth stage is evaluating the entire learning 
process, where teachers and students together reflect on 
the learning that has been done. At this stage, students 
are trained to evaluate their conclusions based on 
existing evidence, which is the core of critical thinking 
(Ennis, 1985). 

The study results showed a significant increase in 
critical thinking skills in the experimental class 
compared to the control class. The average posttest score 
in the experimental class showed a moderate category, 
while the control class was still in the low category. The 
problem-based learning model effectively improves 
students' critical thinking skills. This study supports the 
findings of Malanog and Aliazas (2021), which state that 
active involvement in learning can improve students' 
critical thinking skills. 
 
The Influence of Cognitive Style on Students' Critical 
Thinking Skills 

Everyone has different learning characteristics, one 
of which is cognitive style. This study categorizes 
students' cognitive styles into field-dependent and field-
independent, based on the theory of Witkin et al. (1977). 
Students with field-independent cognitive styles are 
more able to process information analytically and 
independently. In contrast, students with field-
dependent cognitive styles depend more on external 
structures and tend to see information (Pritchard, 2009). 

The results of this study indicate that students with 
field-independent cognitive styles experience a higher 
increase in critical thinking skills than students with 
field-dependent cognitive styles. This shows that 
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cognitive style affects students' critical thinking skills. 
According to research by Onyekuru (2015), students 
with field-independent cognitive styles can better 
develop their critical thinking skills because they tend to 
process information more deeply and analytically. 

In the experimental and control classes, the division 
of heterogeneous groups allows students with field-
independent and field-dependent cognitive styles to 
exchange knowledge. This allows for an optimal 
exchange of ideas and understanding so that students' 
critical thinking skills do not differ significantly between 
the two cognitive styles. This study supports the 
findings of Aryawati et al. (2020), who stated that 
interactions between students with different cognitive 
styles can enrich the learning process and improve 
critical thinking skills. 
 
Interaction of Problem-Based Learning Model with Cognitive 
Style on Students' Critical Thinking Skills 

The analysis showed no significant interaction 
between the problem-based learning model and 
cognitive style on students' critical thinking skills. 
Although the problem-based learning model effectively 
improves critical thinking skills, cognitive style only 
provides a significant interactive effect. This may be due 
to the division of heterogeneous groups that allow 
students with different cognitive styles to help each 
other solve problems (Lefrida et al., 2021). 

Another factor that may influence these results is 
the presence of other variables that researchers cannot 
control, such as differences in individual abilities and the 
incompatibility of the learning model with students' 
cognitive styles. Son et al. (2020) explained that the 
interaction effect is the joint influence of two or more 
independent variables on the dependent variable. 
However, interaction may not occur if independent 
variables have significant effects separately. This study 
is in line with the findings of Arifin et al. (2020), which 
stated that there was no significant interaction between 
the problem-based learning model and cognitive style 
on student learning outcomes. The results of this study 
are also supported by Pepo et al. (2019), who stated that 
cognitive style did not significantly affect interaction 
with the problem-based learning model. 

Overall, this study shows that the problem-based 
learning model effectively improves students' critical 
thinking skills and that cognitive styles affect students' 
critical thinking skills. Learning that involves in-depth 
critical thinking activities, analysis, evaluation, and 
logical and systematic synthesis of information can 
improve students' critical thinking skills. The results of 
this study also show the importance of considering 
students' cognitive styles in designing learning models 
to achieve optimal learning outcomes. 

This study has several practical implications. First, 
teachers can use problem-based learning models to 
improve students' critical thinking skills. This learning 
model provides opportunities for students to actively 
participate in the learning process, solve problems, and 
develop critical thinking skills through systematic 
stages. Second, teachers must consider students' 
cognitive styles when designing learning models. 
Students with field-independent cognitive styles tend to 
have higher critical thinking skills, so teachers can 
develop learning strategies from students' cognitive 
styles to achieve optimal learning outcomes. This study 
also has several limitations. First, this study was 
conducted in multiple schools, so the results need to be 
more generalizable to a broader population. Second, this 
study did not consider other factors affecting students' 
critical thinking skills, such as learning motivation, 
interest, and environment. For further research, it is 
recommended to involve more schools and larger 
samples to generalize the study results to a broader 
population. In addition, further research can use more 
comprehensive measurement methods such as 
observation, interviews, and portfolios to measure 
students' critical thinking skills more comprehensively. 
Further research can also consider other factors 
influencing students' critical thinking skills, such as 
learning motivation, interest, and environment. 
 

Conclusion  
 

This study shows that the problem-based learning 
model improves students' critical thinking skills. This 
learning model provides opportunities for students to 
actively participate in the learning process, solve 
problems, and develop critical thinking skills through 
systematic stages. Cognitive style also affects students' 
critical thinking skills, where students with field-
independent cognitive styles tend to have higher critical 
thinking skills than those with field-dependent cognitive 
styles. However, the interaction between the problem-
based learning model and cognitive style did not 
significantly affect students' critical thinking skills. The 
results of this study support previous findings and 
provide practical implications for teachers in designing 
learning models to improve students' critical thinking 
skills. 
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