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Abstract

The development of mathematical critical thinking ability and individual uniqueness in the
learning of prospective teacher students needs attention so that they have sufficient provisions
in their future work. This study aims to analyze the differences in prospective teacher students’
mathematical critical thinking ability in their achievement and improvement from two different
learning models and their learning styles. Problem-based learning was used in the experimental
group, while the control group used conventional learning. This study used a quasi-
experimental quantitative method with the pretest-posttest non-equivalent group design. Data
were collected using: mathematical critical thinking ability test and a learning style
questionnaire. Data were taken from 56 students of the Mathematics Education Study Program,
Universitas Negeri Semarang. Data analysis was performed using independent samples t-test,
Mann-Whitney U test, and normalized gain. The results showed that in the achievement and
improvement of mathematical critical thinking ability, students who obtained Problem-based
learning overall and viewed from a kinesthetic learning style were better than conventional
learning. Meanwhile, in terms of auditory and kinesthetic learning styles, the mathematical
critical thinking ability of students who obtained descriptive problem-based learning was better.
However, in statistical testing, the two groups were not significantly different. Based on these
results, Problem-based learning is considered adequate for developing mathematical critical
thinking ability, especially for kinesthetic learning styles.
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Introduction

Critical thinking ability is one of the primary skills needed in the 21st century, including
problem-solving, creativity, innovation, and communication and collaboration. Critical
thinking ability is essential for higher-order thinking skills (Trilling & Fadel, 2009; FitzPatrick
& Schulz, 2015). Critical thinking abilities, which are higher-order thinking skills, are needed
to solve problems in mathematics and complex problems in multinational and multicultural
relations. Critical thinking in the process requires thinking activities such as analyzing,
evaluating and concluding (Paul & Elder, 2013; Asyari et al., 2016; Widiawati et al., 2018).
Therefore, critical thinking is one of the primary keys needed to develop other skills needed in
various jobs in the future. Complex problem solving, critical thinking, creativity, community
management, coordination, emotional intelligence, making judgments and decisions, service-
oriented, negotiation, and flexible thinking (Gleason, 2018).

The spearhead to develop students' critical thinking ability are teachers, including
mathematics teachers. Based on this reason, developing the ability of prospective teacher
students to think critically should be the focus of higher education, including universities that
produce teacher candidates in the Mathematics Education Undergraduate Study Program. This
development effort is carried out to provide academic training for prospective teacher students
as the spearhead of education, which will carry out critical thinking development for students
in primary and secondary education. Among the intellectual training is that in solving problems,
students are not enough just to understand the material, but also need to analyze or clarify the
data provided (clarification), provide an evaluation or assessment by giving examples or
reasons (assessment), make conclusions or inference (inference), and making strategies of
problem-solving (strategies) (Perkins & Murphy, 2006; Vong & Kaewurai, 2017; Susilo et al.,
2019).

Critical thinking abilities have been attempted to be developed with various models,
approaches, learning strategies, one of which is Problem-based learning (Sendag & Ferhan
Odabasi, 2009; Alrahlah, 2016; Gholami et al., 2016). Problem-based learning is a learning
model with student-centered characteristics that provide students with real-world problems to
facilitate learning about critical thinking and problem-solving skills and gain knowledge and
essential concepts from lecture material (Ali, 2019). The stages in the problem-based learning
process include the following: (1) the teacher gives problems to students, (2) the teacher asks
students to discuss in small groups, (3) the teacher asks students to conduct studies related to
problems that must be solved independently, (4) then the teacher asks students to return to their
original groups to exchange information, study with peers, and work together to solve problems,
(5) the teacher asks students to present the solutions they have found, and (6) the teacher helps
students to evaluate all learning activities that have been carried out. have been done (Barrett
et al., 2005; Gorghiu et al., 2015; Alrahlah, 2016; Darhim et al., 2020).

Zamzam's research (2016) reveals that implementing problem-based Learning can
develop students' critical thinking ability. Several studies, including Hussain and Anwar (2017),
Mulyanto et al. (2018), Saputra et al. (2019), and Nadeak and Naibaho (2020), also show the
effectiveness of Problem-based Learning in developing critical thinking ability.
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Several research results show that the critical thinking ability of prospective teacher
students in Calculus lectures is not satisfactory. The results of research conducted by Zetriuslita
et al. (2016) explained that students' critical thinking ability in solving integral calculus
description problems, in identifying and giving reasons indicators is 7.69%, in generalizing
82.05%, and in analyzing and evaluate by 15.38%. Likewise, the results of research conducted
by Nursyahidah and Albab (2018), which identified students' mathematical critical thinking
ability in integral calculus; they found that there were students who were able to formulate
problems correctly but incompletely; had not been able to determine the facts in the problem
entirely and correctly; have not been able to use the correct evidence, have not been able to
conclude according to facts; have not been able to act by providing further explanations; and
have not been able to combine tendencies and abilities in making decisions. Similar results were
obtained from the results of the calculus exam, which showed that students’ mathematical
critical thinking ability on the indicators (1) in data analysis, students who answered with
problem analysis were 38.71%, (2) in assessing or evaluating the truth of arguments, students
who answered by evaluating the truth of the argument as much as 12.90%, (3) in concluding
and providing logical arguments from the results of the analysis, students who answered by
concluding as much as 74.19%, and (4) in formulating problem-solving strategies, students who
answered by showed ideas and strategies as much as 48.39%.

Based on these data, it can be concluded that some of the prospective teacher students
have mathematical critical thinking ability in the poor category in Calculus lectures. It is
possible to impact student learning outcomes and mathematical critical thinking ability so that
in the long term, it will also have an impact on the development of students' mathematical
critical thinking ability in elementary and secondary schools.

The results of developing students' critical thinking ability as above can be caused
because, in the learning process, students experience difficulties, among others, because they
are not following their learning styles in receiving, organizing, and processing new information
in learning activities (Laksana, 2019). A person's learning style can be classified into three types
of learning styles, namely visual, auditory or kinesthetic learning styles, but it does not rule out
combinations (DePorter & Hernacki, 2010). The unigueness of student learning styles that are
not facilitated in a learning strategy causes students to have difficulty absorbing, organizing,
and processing the information they have just received (Susilo, 2011). With this difference in
student learning styles, it is possible to impact learning achievement, not least in the
development of critical thinking ability in their achievement and improvement.

This study aims to analyze the differences in prospective teacher students' mathematical
critical thinking abilities in their achievement and improvement in terms of their learning styles.
Mathematical critical thinking ability in the research question is how to achieve and improve it
in terms of learning styles and overall students in problem-based learning.

Methods

This quasi-experimental study used the pretest-posttest non-equivalent group research design
as presented in Figure 1. The quasi-experimental design was chosen because it could not fully

189



Bambang Eko Susilo

control the influence of external variables in the study. The non-equivalent design was chosen
because the experimental and control groups had not been equated with randomization. O1 and
O2 are pretest and posttest in the experimental group, while O3 and O4 are pretest and posttest
in the control group. The population in this study were all students participating in the Integral
Calculus course at Universitas Negeri Semarang in the even semester 2018/2019 from the
Mathematics Education Undergraduate Study Program.

Experimental O X Oy

Control (OF! Oy

Figure 1. The pretest-posttest non-equivalent group design, adapted from Cohen et al. (2007)

Sampling in this study used cluster random sampling technique from six classes or study
groups without superior-inferior groups on their academic abilities because students were free
to choose their groups. The sample was selected from the fifth group (experimental group) with
28 students and the second group (control group) with 28 students. The experimental group
learning model used Problem-based Learning (PBL), while the control group used conventional
learning (CL). The research instruments used include a mathematical critical thinking ability
test and a learning style questionnaire. The critical thinking ability test is in the form of an essay
and consists of four questions. The four items represent four indicators of critical thinking
ability, which were adapted from Perkins and Murphy (2006). The indicators of the
mathematical critical thinking ability test questions used are (a) analyzing a statement or
question, (b) concluding and providing logical arguments for the results of the analysis, (c)
assessing or evaluating the truth of the arguments, and (d) developing problem-solving
strategies. Students are classified based on visual, auditory, and kinesthetic learning styles. In
this study, the combination was not used. The two research instruments were then tested for
validity and reliability. The critical thinking ability test has been tested, the results obtained are
four valid items, and the Cronbach's Alpha reliability index is 0.702. The learning style
questionnaire has been tested and obtained as many as 24 valid statement items, and the
Cronbach's Alpha reliability index is 0.827.

The research process begins with classifying students based on their learning styles. The
classification process was carried out by distributing learning style questionnaires to both
groups of students, and only students in the visual, auditory, and kinesthetic learning styles
categories were studied. The next step is to test the normality, homogeneity, and differences in
the average students' initial abilities from the exam scores of the two groups. Giving a pretest
of mathematical critical thinking ability is carried out at the beginning of the lecture. After
seven lecture meetings, students were given a posttest of mathematical critical thinking ability.
The data on the mathematical critical thinking ability test scores from the pretest and posttest
based on learning styles and overall were then analyzed statistically by inference with
independent samples t-test, Mann-Whitney U test, and normalized gain. The normalized gain
score category (N-gain) for increasing students’ mathematical critical thinking ability is
classified according to Table 1 (Hake, 1998).
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Table 1. Normalized gain score category
Ngain Score Interval Normalized Gain Score Category

0.7<x<1.0 High
03<x<0.7 Moderate
0.0<x<0.3 Low

Results

Classification of students based on the results of the learning style questionnaire as presented
in Table 2. This study selected only students in the visual, auditory, and kinesthetic learning
styles categories as research samples. Based on Table 2, in the Problem-based learning (PBL)
group, there were nine visual students, 12 auditory students, and seven kinesthetic students.
Meanwhile, in the Conventional Learning (CL) group, there were nine visual students, eight
auditory students, and 11 kinesthetic students.
Table 2. Classification of student learning styles

Learning Model

Learning Style PBL cL Total
Visual 9 9 18
Auditory 12 8 20
Kinesthetic 7 11 18
Total 28 28 56

The data from the pretest and posttest results of mathematical critical thinking ability
were processed and analyzed as a whole and in terms of learning styles to obtain research
conclusions. Based on the data from the pretest results of mathematical critical thinking ability,
the mean and standard deviation are obtained as presented in Table 3.

Table 3. Mathematical critical thinking ability pretest results

Learning Style Experimental Group Control Group

N Mean  Std. Deviation N Mean  Std. Deviation
Visual 9 12.11 5.58 9 11.33 6.50
Auditory 12 13.58 6.02 8 13.75 6.76
Kinesthetic 7 11.86 1.95 11 10.18 5.00
Overall 28 12.68 5.05 28 11.57 5.98

Note: The Ideal Maximum Score of mathematical critical thinking ability is 40

Based on Table 3, the mean pretest score of mathematical critical thinking ability for the
experimental group in terms of overall visual and kinesthetic learning styles was higher than
the control group. In contrast, the experimental group's mean pretest score of mathematical
critical thinking ability in terms of auditory learning style is lower than the control group. Based
on the assumption test with a = 0.05, only data for the overall and normal and homogeneous
auditory learning styles were obtained, while the data for the visual learning style was not
normal and the data for the kinesthetic learning style was not homogeneous. Furthermore, the
independent samples t-test was carried out for the overall and auditory learning styles to find
out the significant difference in mean scores. The Mann-Whitney U test was performed for the
visual and kinesthetic learning styles. Summary of test results with a = 0.05 data calculation is
presented in Table 4.
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Table 4. Independent pretest results samples t-test and Mann-Whitney U

Learning Style  Statistic Test  Statistical Value Sig. Ho
Visual Mann-Whitney U 38.500 0.859  Accepted
Auditory t-Test -0.058 0.955  Accepted
Kinesthetic Mann-Whitney U 36.500 0.856  Accepted
Overall t-Test 0.748 0.458  Accepted

Based on Table 4, the results of testing the average difference in the pretest data on
mathematical critical thinking ability in terms of overall and visual, auditory, and kinesthetic
learning styles obtained sig. > a so that HO is accepted. The conclusion obtained is no significant
difference in the mean pretest score of mathematical critical thinking ability in the two groups
in terms of overall and visual, auditory, and kinesthetic learning styles. Next is the posttest score
data or the achievement of mathematical critical thinking ability. The mean and standard
deviation are obtained as presented in Table 5.

Table 5. Mathematical critical thinking ability posttest results

Learning Style Experimental Group Control Group

N Mean Std. Deviation N Mean  Std. Deviation
Visual 9 27.56 10.54 9 21.44 5.22
Auditory 12 27.42 9.66 8 24.88 5.79
Kinesthetic 7 27.43 5.94 11 18.36 6.39
Overall 28 27.46 8.88 28 21.21 6.26

Note: The Ideal Maximum Score of mathematical critical thinking ability is 40

Based on Table 5, the mean posttest score or the achievement of mathematical critical
thinking ability for the experimental group in terms of overall, visual, and kinesthetic learning
styles were higher than the control group. Based on the assumption test with a = 0.05, the data
obtained in terms of overall, auditory, and kinesthetic learning styles are normal and
homogeneous. In contrast, the data for visual learning styles are not homogeneous.
Furthermore, to find out the significant difference in the mean scores, the independent samples
t-test was conducted for the overall, auditory and kinesthetic learning styles. In contrast, the
Mann-Whitney U test was performed for the visual learning styles. Summary of test results
with o = 0.05 data calculations is presented in Table 6.

Table 6. Independent posttest results samples t-Test and Mann-Whitney U

Learning Style  Statistic Test  Statistical Value Sig. Ho
Visual Mann-Whitney U 27.000 0.233  Accepted
Auditory t-Test 0.665 0.514  Accepted
Kinesthetic t-Test 3.011 0.008 Rejected
Overall t-Test 3.045 0.004 Rejected

Based on Table 6, the results of testing the average difference in posttest data or the
achievement of mathematical critical thinking ability in terms of visual and auditory learning
styles obtained the value of sig. > a so that HO is accepted, while in terms of overall and
kinesthetic learning styles, sig. < a so that HO is rejected. The conclusion obtained is that there
is no significant difference in the mean posttest score or the achievement of mathematical
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critical thinking ability in the two groups in terms of visual and auditory learning styles. In
contrast, there are significant differences in terms of overall and kinesthetic learning styles.
Next is the results of the normalized gain calculation from the data scores from the pretest
and posttest results of mathematical critical thinking ability in both groups in terms of overall
and learning styles, the data mean (x), standard deviation (SD), and normalized gain (NG)
obtained are as presented in Table 7.
Table 7. Results of normalized gain calculation of mathematical critical thinking ability

Learning Style Experimental Group Control Group
n Stat Pretest Posttest NG n Stat Pretest Posttest NG
Visual 9 x 1211 2756 0.567 9 x 1133 2144 0.334
SD 558 1054 0.355 SD 6.50 5.22 0.185
Auditory 12 x 1458 27.42 0.526 8 x 1338 2488 0.435
SD 5.38 9.66 0.340 SD 6.43 579 0.142
Kinesthetic 7 x 11.86 27.43 0.556 11 x 10.64 18.36 0.279
SD 1.95 594 0.192 SD 5.75 6.39 0.170
overall 28 x 1311 27.46 0.546 28 x 1164 2121 0.341
SD 4.86 8.88  0.305 SD 6.07 6.26 0.174

Note: (1) The Ideal Maximum Score of mathematical critical thinking ability is 40;
(2) NG = Normalized Gain.

Based on Table 7, according to the normalized gain score obtained, the average increase
in mathematical critical thinking ability of students who received PBL learning as a whole and
in terms of learning styles according to the Hake’s category (1998) in moderate qualification.
Likewise, the average increase in mathematical critical thinking ability of students who
obtained overall CL and in terms of visual and auditory learning styles according to Hake's
category (1998) in moderate qualification. Meanwhile, the average increase in mathematical
critical thinking ability of students who obtained CL in terms of kinesthetic learning styles
according to Hake's category (1998) was included in low qualifications.

Based on Table 7. the normalized gain score of mathematical critical thinking ability for
the experimental group in terms of overall and visual, auditory, and Kinesthetic learning styles
was higher than the control group. The assumption test with a = 0.05 obtained normalized gain
data in normal and homogeneous kinesthetic learning styles. In contrast, the data in terms of
overall abnormality, in terms of visual and auditory learning styles, are not homogeneous.
Furthermore, the independent samples t-test was carried out for kinesthetic learning styles to
find out the significant difference in mean scores. The Mann-Whitney U test was performed for
the overall visual and auditory learning styles. The summary of the test results with a = 0.05
calculation data is presented in Table 8.

Table 8. Test results of independent samples t-test and Mann-Whitney U from N-gain

Learning Style  Statistic Test  Statistical Value Sig. Ho
Visual Mann-Whitney U 25.000 0.171  Accepted
Auditory Mann-Whitney U 46.000 0.877  Accepted
Kinesthetic t-Test 3.213 0.005 Rejected
Overall Mann-Whitney U 244.500 0.016 Rejected
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Based on Table 8, the results of testing the average difference of normalized gain data on
mathematical critical thinking ability in terms of visual and auditory learning styles obtained
sig. > a so that HO is accepted, while in terms of overall and kinesthetic learning styles, sig. <
a so that HO is rejected. The conclusion obtained is no significant difference in normalized gain
scores or an increase in mathematical critical thinking ability in the two groups in terms of
visual and auditory learning styles. In contrast, there are significant differences in terms of
overall and kinesthetic learning styles.

Discussion

Based on the research results related to the achievement of mathematical critical thinking
ability, it was concluded that overall there were significant differences in the two groups. In
this case, the mathematical critical thinking ability of students who received PBL learning was
higher than students who received CL. These results can be seen as the data in Table 5 and
Table 6, which show that there is a significant difference in the average achievement of
mathematical critical thinking ability through statistical tests. So it can be concluded that the
overall achievement of mathematical critical thinking ability of students who received PBL was
higher than the achievement of mathematical critical thinking ability of students who received
CL. The difference in the average achievement of students’ mathematical critical thinking
ability overall illustrates that the contribution of PBL is better than CL in developing students'
mathematical critical thinking ability. The results of this study are in line with previous
research, including research conducted by Zamzam (2016), Hussain and Anwar (2017),
Mulyanto et al. (2018), Sianturi et al. (2018), Saputra et al. (2019), and Nadeak and Naibaho,
(2020) which showed that the mathematical critical thinking ability of students who received
PBL was higher than students who received CL.

Based on the results of statistical tests as in Table 5 and Table 6, the significant difference
in the average achievement of mathematical critical thinking ability between students who
received PBL and students who received CL occurred in overall students and terms of
kinesthetic learning styles only. In terms of visual and auditory learning styles, although the
average score of the achievement of mathematical critical thinking ability of students who
received PBL was higher than the average score of achievement of mathematical critical
thinking ability of students who received CL, the results of statistical tests stated that they were
not significantly different.

The average achievement of mathematical critical thinking ability of visual, auditory, and
kinesthetic learning style students who received PBL was all good. The average achievement
of mathematical critical thinking ability of visual and kinesthetic learning style students who
received CL was in the less category, while the auditory learning style students were in a good
category. Overall, the average mathematical critical thinking ability of students who received
PBL was good, while students who received CL were poor.

Based on Table 6, descriptively, the average score of the achievement of mathematical
critical thinking ability of students who obtained PBL was higher than the average score of the
achievement of mathematical critical thinking ability of students who obtained CL both overall
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and in terms of learning styles (visual, auditory, and kinesthetic). It shows that in terms of
learning styles (visual, auditory, and kinesthetic), PBL has a positive impact on the achievement
of students' mathematical critical thinking ability, but statistically only on kinesthetic learning
styles with significant differences. PBL learning steps provide varied learning facilities to
students regarding learning styles. However, there is a possibility that the proportion of
activities to practice working on questions is more dominant than visualizing problems and also
asking questions or receiving explanations from lecturers. In PBL, students are more active in
discussing and practicing questions. Factors of practice questions that contribute to the
achievement of mathematical critical thinking ability of students with kinesthetic learning
styles.

Theoretically, the achievement of mathematical critical thinking ability needs to be
studied in the long term, as the results of Masek and Yamin's research (2011) on the impact of
Problem-based Learning on critical thinking ability. The short-term empirical evidence on the
findings in this study is relevant to the results of Karim (2015) and Hananto et al. (2018), which
shows that the critical thinking ability of students with kinesthetic learning styles is better than
the critical thinking ability of students with visual and auditory learning styles.

Based on Table 7, descriptively the average score of achievement and the average
increase in mathematical critical thinking ability of students with visual learning styles who
obtain PBL is higher than the average score of achievement and the average increase in
mathematical critical thinking ability of students who have auditory and kinesthetic learning
styles. The results of this study are in line with previous research conducted by Rosmaiyadi
(2017), which also showed that students' mathematical critical thinking ability with visual
learning styles was higher than students with auditory and kinesthetic learning styles.

Based on Table 7, it can be shown that in addition to students who obtained CL with
kinesthetic learning styles, the overall increase in students' mathematical critical thinking ability
from both learning models in terms of learning styles and overall according to Hake's
qualifications (1998) the increase was in the moderate category. Meanwhile, the increase in
mathematical critical thinking ability of students who obtained CL with kinesthetic learning
styles was still in the low category. The statistical tests showed that the average increase in
students' mathematical critical thinking ability who received PBL was significantly different
from the average increase in mathematical critical thinking abilities of students who obtained
CL in terms of kinesthetic learning styles and overall. It is different from statistical tests on
visual and auditory learning styles, which are not significantly different. The results of this
study are in line with previous research, including research conducted by Husnidar et al. (2014),
Zamzam (2016), and Aziz et al. (2016), which showed that the increase in mathematical critical
thinking ability of students who received PBL was higher than students who received CL.

As summarized in Table 8, it can be shown that the increase in mathematical critical
thinking ability of students who received PBL in terms of kinesthetic learning styles and overall
was significantly different compared to those who received CL. Similarly, the test results in
Table 8. show that the increase in mathematical critical thinking ability of students who
received PBL and CL in terms of visual and auditory learning styles did not differ significantly.
The findings in this study are relevant to the research results of Karim (2015) and Hananto et
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al. (2018), which show that students' critical thinking abilities with kinesthetic learning styles
are better than students' critical thinking ability with visual and auditory learning styles. Thus,
it can be concluded that the increase in mathematical critical thinking ability of students who
obtained PBL in terms of kinesthetic learning styles and overall was higher or better than those
who obtained CL.

The effectiveness of PBL on students as a whole and in terms of learning styles is because
there are many activity facilities provided to students to be more active to solve problems,
learning activities for individuals and in small groups. Some of the learning activities facilitated
in PBL include activities in discussing, exchanging knowledge, learning together, working
together to solve problems, and presenting the solutions found (Barrett et al., 2005; Gorghiu et
al., 2015; Alrahlah, 2016). These various learning activities support indicators of students'
critical thinking ability, among others, to analyze, evaluate, conclude, and formulate strategies
to solve problems (Dwyer et al., 2014; Schoenberger-Orgad & Spiller, 2014; Samejima et al.,
2015; Fajrianthi et al., 2016; Susilo et al., 2018). The thinking process of these students has a
significant impact on developing students' critical thinking ability (Sendag & Ferhan Odabasi,
2009; Gholami et al., 2016). So that it is obtained that the increase in mathematical critical
thinking ability of students who receive PBL is higher than students who receive CL. With
these results, it can be said that PBL has a better effect than CL in improving students'
mathematical critical thinking ability.

Based on some of the results of this study, on the achievement and improvement of the
mathematical critical thinking ability of the prospective teacher students above, similarity and
consistency of results were found. These results descriptively on students as a whole and in
terms of learning styles (visual, auditory, and kinesthetic). The achievement and improvement
of mathematical critical thinking ability of students who receive PBL are higher than students
who receive CL. However, through statistical tests only students as a whole and in terms of
kinesthetic learning styles, the achievement and improvement of mathematical critical thinking
ability of students who received PBL were higher than those who received CL. At the same
time, the results of statistical tests on visual and auditory learning styles were not significantly
different, both in the achievement and improvement of students' mathematical critical thinking
ability.

In particular, the prospective teacher students with a kinesthetic learning style get a
proportion of the benefits of the facility for practicing questions that are more dominant than
other activities such as visualizing problems and asking questions or receiving explanations
from lecturers. It is evidence of the effectiveness of PBL on the critical thinking ability of
prospective teacher students who have kinesthetic learning styles where the proportion of
practice questions is beneficial for students. Of course, PBL does not ignore the facilities for
learning activities for prospective teacher students with other learning styles, so it is hoped that
in the long term it will have an impact on the development of students' critical thinking ability
in elementary and secondary schools. The results of this study are empirical evidence in the
short term. In the long term, different results can occur in achieving and improving
mathematical critical thinking ability in terms of other learning styles. The results of research
from Masek & Yamin (2011) show that Problem-based Learning requires a long term to impact
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critical thinking ability significantly. Furthermore, the research results from Fajari et al. (2020)
show that student learning styles affect critical thinking ability.

The limitations of this study include that only students in the classification of visual,
auditory, and kinesthetic learning styles were selected as research samples. Students with a
combination of two and three learning styles have not been studied because the number of
students tends to be small in a population, so it is not balanced with other learning
classifications. However, it is possible to research students with a combination of two and three
learning styles in the future to obtain more comprehensive results.

Conclusion

The overall achievement and improvement of students' mathematical critical thinking ability
obtained Problem-based learning and viewed from a kinesthetic learning style were better than
conventional learning. Meanwhile, in terms of visual and auditory learning styles, the
achievement and improvement of mathematical critical thinking ability of students who
obtained Problem-based learning descriptively were better than conventional learning.
However, in statistical testing, it was not significantly different. Based on this, problem-based
learning is considered effective for developing mathematical critical thinking ability, especially
for kinesthetic learning styles. In the research carried out, the researcher did not specifically
discuss the critical thinking ability of students with combined learning styles so that this study
can be followed up in the subsequent research.
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