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Abstract—Teachers must possess critical thinking skills to
become good facilitators in the education process to produce
students with high-order thinking skills. This research aims to
evaluate the implementation of the inquiry-based learning (IBL)
method in improving the critical thinking (CT) skills of
prospective teachers with their own learning styles. An
experimental study is the research method used in this research
with the matching-only pretest—posttest with a control group
design. The selected participants consisted of two groups of
prospective teachers, a total of 76 people with low critical
thinking skills and 50 people with very low skills. The
experimental group was given the IBL method, while the
control group was given the problem-based learning method,
which refers to the latest curriculum. Treatment is given for 8
weeks. The statistical analysis used includes Wilcoxon,
Mann-Whitney, and Kruskal-Wallis followed by post hoc. The
results of this study show an increase in critical thinking in both
the experimental group and the control group. However, the
increase in the experimental group was significantly higher
than the control group. The increase in experimental group
with low and very low CT group did not differ significantly. On
the other hand, in the control group, the increase in CT in the
low group was significantly higher than the very low group.
Furthermore, the Kruskal-Wallis difference test in the
experimental group based on learning styles showed that
prospective teachers with converging learning styles were more
able to follow the IBL method compared to other learning
styles.

Index Terms—Inquiry-based learning, critical thinking,
prospective teachers, learning style.

. INTRODUCTION

Although the Indonesian government implemented several
education management revisions, the learning outcomes have
not been satisfactory. This is according to the 2018 Program
for International Student Assessment (PISA) survey, a 3-year
survey of 15-year-old students assessing their acquisition
level of the critical knowledge and skills essential for full
participation in society [1]. Furthermore, Indonesia needs to
improve its current education system and management,
especially after emerging in the 74th position out of the 79
countries that participated in the PISA assessment. This
position was even below their ranking in the previous 3 years
[2]. One of the causes for this drop is the limited training for
Indonesian students in solving contextual problems.
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Therefore, they require high order thinking skills, such as
identification, argumentation, and creativity for effective
problem-solving.

Bloom’s taxonomy states that human thinking skills are
classified into low-order thinking skills (LOTS) and
higher-order thinking skills (HOTS). Students are taught the
significance of positive educational development, which
implies that thinking skills have a close relationship with
learning. Furthermore, research in Papua shows a very
significant relationship between HOTS and academic
achievement [2]. Based on HOTS, students need to
understand, summarize, and relate whatever they learn by
analyzing it through problem-solving. On the contrary, based
on LOTS, they acquire and memorize what has been learned
and relate it to previous knowledge to achieve their goals.
However, at high-level thinking, they need to use logic in
mastering concepts to solve more complex problems [3].

Several components are needed to produce quality
education, including school leadership, classroom
management, application of teaching materials, and the role
of teachers [4]. One of the vital and generally discussed
factors related to education quality is the teacher’s role. In
Indonesia, teacher quality problems have always been a
serious concern of education. Improving the learning quality
with an impact on education is to be accompanied by an
increase in their capabilities and competencies. This needs to
be applied in developing innovative and creative learning
activities to produce competent graduates [5]. Teachers
accustomed to using HOTS influence the thinking skills of
students [6]. They must have good critical thinking skills to
experience higher-order thinking processes [7]. Critical
thinking (CT) is included in higher-order thinking skills [8].
Being one of the HOTS, critical thinking should be central in
learning development because it gives humans life skills,
creativity, and innovation in solving complex real-life
problems [9]. Moreover, critical thinking capacity is an
indicator of higher-order thinking skills [10], [11]. CT is the
ability and willingness to be open-minded to ideas regardless
of one’s beliefs and to engage in reflective and balanced
thinking [12]. Through CT, students explore a problem,
question, or situation, integrate all available related
information, arrive at a solution or hypothesis, and justify
one’s position [13]. Given these reasons, prospective
teachers must have good critical thinking skills.

The improvement of education quality cannot be separated
from the twenty-first-century skills framework, which
includes learning skills, innovation skills, comprising
communication, collaboration, creativity, and critical
thinking. Since 2013, the Indonesian education curriculum
has shifted from teacher-based to student-based method [14],
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[15]. The last curriculum (2019 curriculum revision 2013)
focuses on character education, literacy, and competence.
This curriculum applies student-centered learning to improve
their HOTS abilities. Student-centered learning is adopted by
many schools and education systems that promote
problem-based, project-based, case-based, and inquiry
learning worldwide [16], [17].

Problem-based learning (PBL) is the student-based
learning approach widely used in Indonesia. PBL was
implemented in more than 17,000 studies in Indonesia since
2013 through the Google Scholar database source. PBL helps
students to be active in learning [18]. By definition, PBL is a
learning method around problem-solving activities by
delivering arguments or ideas and communicating to peers by
interacting with various classroom components. Moreover, it
involves reflecting on what students should follow to solve
the problems raised by the teacher [19]-[22]. In the PBL
method, participants are motivated to learn in groups since
the social interaction reduces students’ nervousness during
the learning process. In the neuroeducation points of view,
excessive worry results in anxiety, which then becomes a
body reaction to stress through the neurochemical system and
certain brain regions. The hippocampus, amygdala, and
medial prefrontal cortex are the brain parts involved in stress
response. Moreover, cortisol and norepinephrine are released
through ~ the  corticotropin-releasing  factor  and
hypothalamic—pituitary—adrenal axis [23]. In general, anxiety
is related to processing worried mind preferences or treated
stimuli that damage cognitive control [24]. A study
correlating anxiety to brain wave observation through
Electroencephalography shows that anxiety affects memory
strength [25].

Meanwhile, research in Indonesia and the results of the
PBL meta-analysis over a 7-year period show that PBL has
not been able to improve the collaboration skills of
participants. Constraints in implementing PBL in Indonesia
are mainly due to low levels of self-confidence [26]. On the
other hand, one of the student-based methods carried out
independently rather than in groups is inquiry-based learning
(IBL), which is a student-centered constructivist pedagogy
that puts students in control of their learning. Students
develop their questions to examine, engage in independent
investigation, and collaborate with one another [27]-[29].
IBL requires students to actively build their own knowledge,
reason, and compare new with initial concepts. Therefore,
IBL trains students’ thinking skills in solving problems and
directs them to become independent learners through a series
of activities [30]. A study in Malang, Indonesia,
recommended that teachers empower their students’ HOTS
abilities through inquiry/discovery classes to create
meaningful student-centered learning [31]. Other research
showed that students implemented with the inquiry learning
method exhibited high motivation, enjoyment, and creativity.
High motivation contributes to the learning process and
improves student achievement. Moreover, intrinsic
motivation fosters high cognitive engagement in the
classroom, resulting in adaptive outcomes [32].

An essential condition for learning is an intense interest in
responding to educational activities. Student interest in
learning correlates with cognitive and affective factors,
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which in turn affect the learning progress [33]. Research has
been conducted on the relationships between IBL and critical
thinking worldwide. However, there has never been a report
on its implications for various learning styles in Indonesia.
The learning style theory states that students have individual
modes and learn more quickly and effectively when having
the material that fits their styles. The interaction of the
student’s previously acquired knowledge, motivation, and
messages impacts message delivery [34]. Learning styles are
related to reading and listening achievement because this
determines students’ understanding. They feel comfortable
absorbing, obtaining, understanding, and processing
information in their way [35]. Learning style determines the
instruction given, and students need to be taught and assessed
in a way that suits them individually.

Learning styles, also called cognitive strategies, direct an
individual’s management of the internal processes. These
processes relate to learning, thinking, memory, abilities
influenced by innovative strategies, and response
organization [36]. Learning styles are cognitive, affective,
and physiological features that indicate how students
perceive interactions and respond to their learning
environment [37] Kolb (1984) states that learning style is a
personal way of processing information, feelings, and
behavior in learning situations [38].

Kolb stated four learning styles, namely, converging,
diverging, assimilating, and accommodating [39]. Kolb
defined converging learning as an approach where students
prefer to deal with applications and problems to make
decisions. Students enjoy technical tasks and think
analytically, though they generally have difficulty seeing
problems from a different perspective [40]. Hence,
convergent learners use common sense to understand through
abstract conceptualization and process information through
active experiments [41]. Additionally, they are less
concerned with social and relational problems and have a
career in technology [42]. Assimilating learning was defined
as an approach used by people with several abilities, such as
gathering information to create a global view and make
theoretical models [39]. The assimilator has an abstract
conceptualization or reflective observation as the dominant
learning ability [40], [43]. The accommodating learning style
is hands-on, and accommaodators rely more on intuition than
logic [40]. Moreover, accommodators understand through
real experiences and process information through active
experiments [41]. Kolb defined divergent learners as students
that prefer collecting information widely and are imaginative
thinkers [39]. Furthermore, they behave naturally and use
their imagination in solving problems [40].

Il. OBJECTIVES OF THE STUDY

Based on the research background, the objectives of this
study are as follows:
1) Differentiating the IBL and PBL methods in increasing
critical thinking of prospective teachers
Analyzing the increasing critical thinking of prospective
teachers with very low and low CT
Evaluating the interaction of student learning styles in
accepting the IBL method

2)

3)
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I1l. RESEARCH METHODS

A. Research Design

This research is an experimental study with the
matching-only pretest—posttest control group design. The
research used the PBL method as the most recommended
student-based learning approach in Indonesia. The target
population was the first semester prospective teacher
students in one of the education studies programs. Fig. 1
shows the research design.

| Prospective Teachers (271 Peopls)

WGCTA Test

Matching

Low Critical
Thinking

Experiment (1BL)
38 People

Very Low Critical
Thinking

Experiment (IBL)
25 People

Control (PBL)
38 Pecple

Control (PBL)
25 Pecple

Fig. 1. Research design.

The first step was taking the subject from the prospective
teachers recently accepted in one of Indonesia’s education
faculties. Participants were given an initial critical thinking
ability test that functioned in a matching technique. The
selected participants comprised a group of prospective

experiences

* Learn to find things
related to new
information with old
information and
manifest in the form
of questions

teacher students with low and very low critical thinking skills.

Furthermore, using the matching technique, the sample was
divided into experimental and control groups. The IBL
learning model was used in the experimental group, while the
PBL model was used on the control group. The treatment was
given for eight meetings, each lasting 100 min per week. The
two groups then underwent the treatment process and given
the posttest.

B. Research Procedures

The subject tried out in both groups was educational
psychology, which is compulsory for prospective teachers.
The subject is useful in teaching applications to increase
students’ HOTS when they graduate as teachers. The
experimental group was treated using the IBL, while the
control group was treated according to the 2013 revised 2019
curriculum, the PBL. Table I presents the teaching procedure.

TABLE |I: RESEARCH PROCEDURE

PBL IBL
Steps Implementation Steps Implementation
1. a. Educators form 1. Engage The teacher’s role:
Orientation  the class into several « Establish rules and
of problem  groups, where each procedures that must

group contains 5-6
members

be done by students

The role of students:
« Focus attention on
objects, problems,

situations, or events

b. Educators give
problems, in various
forms, including
videos, research

results, and given by the teacher
interviews, among » Connect objects,
others problems, and

existing situations
with past

2. Divide a. Educators provide 2. Equilibration phase
and select opportunities for Exploration  (reduce the curiosity
problems groups and divide of the questions that
tasks to each have been arranged)
member The role of
educators:
* Develop an
environment that can
support student
activities so that they
are able to find
answers
b. Educators ask The role of students:
students to choose a * Search for answers
major problem or to existing questions
minor problem,
which will be
focused on
3. Analyze a. The educator 3. The phase explains
the problem  applies the Explanation  and clarifies the
brainstorming concept.
method (without The role of
criticism) to the educators:
problems that have * Direct students’
been selected by attention to specific
each student aspects between the
first experience and
the situation during
exploration, by
asking students to
apply the questions
they have and
explain scientific
terms directly,
explicitly, and
formally
b. Educators The role of students:
facilitate students to * Describe
be able to compare exploratory
the results of experiences and
thinking between experiences when
before and after getting explanations
brainstorming, from the educator
followed by
note-taking,
comparing personal
and group opinions,
and then presenting
it
4. Educators 4. Participants bring
Searching encourage Elaboration  together experiences
foranswers  participants to find and new
to existing €common answers, understanding to
questions assess form new knowledge

problem-solving
skills, discard
irrelevant opinions,
write down reasons
for changing results,
and prepare
appropriate
presentations
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. 5.
Evaluation

Evaluation

a. Educators give
opportunities for
other groups to
provide opinions
(accept, reject, or
provide additional)

Participants assess
ideas and concepts,
where students learn
to assess the
knowledge, they
already have.

by supplying Students can receive
reasons and feedback on the
evidence clarity of the

knowledge they
already have

b. Participants
reflect, write down
what they have
learned, and
evaluate

C. Statistical Analysis

The statistical analysis used aligned with the research
objectives. The Wilcoxon test was used to examine the
difference in critical thinking before and after treatment in
each group based on the non-normality of the data
distribution results. Moreover, the Mann—-Whitney difference
test was wused to compare CT teacher candidates’
improvements between the IBL and PBL groups. The
Kruskal-Wallis test was used to examine an increase in CT in
the IBL and PBL groups in the low and very low CT groups.
In addition, it was used to assess the CT increases in different
learning styles with IBL method, followed by a post hoc test.

IV. RESULTS

This section presents descriptive and analytical results
according to the research objectives. Table Il presents the
descriptive characteristics of the assessment results of critical
thinking skills in the experimental and control groups.

TABLE Il: CT BEFORE AND AFTER TREATMENT

Tests of Difference
CT Test Mean normality test Sig.
) analysis

IBL pretest 7.21 0.000

Wilcoxon 0.000
IBL posttest 10.37 0.048
PBL pretest 6.89 0.005

Wilcoxon 0.000
PBL posttest 9.10 0.009

As presented in Table Il, CT increased in both the IBL-
and PBL-treated groups. Furthermore, the Mann—Whitney
test was performed to see which group had significantly
higher CT changes. The results of the Mann-Whitey test are
presented in Table Il1.

TABLE Ill: CT IN THE EXPERIMENT AND CONTROL GROUP

Group Mean Median Difference test analysis  Sig.
Experim

ent 3.159 3 Mann-Whitney 0.000
Control  2.238 2

The results of statistical analysis in Table 111, show that the
increase in CT in the group using IBL was significantly
higher than the group using PBL. For clarity, Fig. 2 shows the

enhancement of CT in each group.

Fig. 2. Difference of CT in all groups.

Fig. 2 shows an increase in CT in the entire research group.
Furthermore, Table IV presents the descriptions of each
group with low and very low CT.

TABLE IV: DESCRIPTIVE CRITICAL THINKING IN ALL GROUPS

IBL PBL
Item PRE POST PRE POST
\S\?v/ Low \Ifg\?’/ Low \Ii(e;rv)\: Low \Ii(e;rv)\: Low
91 556 829 9.28 1}3‘0 540 787 820 9.68
SD 0.87 0.89 1.62 1.92 0.70 0.96 138 1.165
Med 5 8 9 11 6 8 8 10
Min 4 7 7 7 4 7 7 7
Max 7 10 12 14 6 10 12 12
N 25 38 25 38 25 38 25 38
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The Kruskal-Wallis test was performed to analyze the
differences in each group, as presented in Table V, and was
followed by Mann—Whitney’s post hoc analysis in Table VI.

TABLE V: THE KRUSKAL-WALLIS TESTOF CT
Difference of CT

Kruskal-Wallis H 82.915
df 3
Asymp. Sig. .000

a. Kruskal-Wallis test.
b. Grouping variable.

TABLE VI: THE MANN-WHITNEY POST HOC TEST

Group Ave Rank Median (min, max)
IBL very low CT 54.72 4(1,7°
IBL low CT 41.08 3(0,6)®
PBL very low CT 30.5 3(1,6)°
PBL low CT 107.49 2(0,4)°

The same letter in Table VI indicates no significant
difference. Thus, Table VI shows that the increase in CT in
the IBL group did not differ significantly between the low CT
group and the very low CT group. On the other hand, in the
PBL group, the increase in the low CT group was
significantly higher than the very low CT group. Furthermore,
the Kruskal-Wallis test is performed, as presented in Table
VII.

The results of the Kruskal-Wallis difference test show
significant differences in CT in student learning styles. Then
to see which groups of learning styles are significantly
different, followed by post hoc using Mann Whitney test
which is shown in Table VIII.
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TABLE VII: THE KRUSKAL-WALLIS TEST OF LEARNING SYTLE

Learning Style

Kruskal-Wallis H 25.285
Df 3
Asymp. Sig. .000

a. Kruskal-Wallis test.
b. Grouping variable.

TABLE VIII: POST HOC TEST OF LEARNING SYTLE

Group Ave Rank  Median (min, max)
Converging 48.71 5(3,6)
Accommodating 28.43 3(0,7)°
Assimilating 24.63 3(0,4)°
Diverging 20.31 2(0,4)°

The results of the post hoc analysis show that subjects with
a converging learning style have a higher critical thinking
increase compared with other learning styles.

V. DISCUSSION

This study examines critical thinking improvement in
prospective teachers by comparing the IBL experimental and
PBL control treatment methods. This refers to the 2013
Indonesian education curriculum revised in 2019, where
teachers should not use conventional teacher-centered
learning. PBL is the most student-centered learning method
used in Indonesia. According to the first finding, the IBL and
PBL groups showed an increase in prospective teachers’
critical thinking skills.

The student-centered learning teaching approach allows to
explore and obtain their own in-depth knowledge and
improve learning quality [44]. Moreover, this approach
focuses on in-depth learning and understanding and increases
students’ motivation, making them independent and
responsible. The application of this approach influences
students’ perceptions of learning activities. Critical thinking
is a cognitive activity that is related to using the mind
concerning education. Learning to think in a vital, diagnostic,
and evaluative way means using mental processes, such as
attention, categorization, selection, and judgment [45].
Creating a comfortable atmosphere for students to face
integrative activities increases their motivation in reading
achievement [46].

IBL and PBL increase the curiosity of student teacher
candidates. This is supported by the mismatch theory, stating
that curiosity is generated by a desire to understand more,
which arises when expectations are violated [47]. Moreover,
this theory aligns with that of Oudeyer et al., which showed
that increased curiosity was correlated with higher activity in
the striatum and inferior frontal cortex [48]. The feedback in
the implementation of IBL and PBL stimulates curiosity and
increases the knowledge gap salience. In line with these
results, several studies have shown that students that guess
feedback improve learning outcomes [49].

The second finding is that CT in the treatment group
showed a significant improvement than in the control group.
IBL improves CT than PBL for both prospective teachers
with low and very low CT. This finding aligns with that of
Llewellyn and Siburian et al., which recommended applying
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inquiry learning for students to explore and empower their
thinking skills actively. Therefore, inquiry learning strategies
are more meaningful and useful in creating critical and
creative thinking skills [50]. Research shows the
effectiveness of the inquiry-based learning model in
developing students’ critical thinking skills [51]. This model
is a series of learning activities that emphasize the critical
thinking process and analysis in problem-solving [52]. In line
with this, Hairida (2016) concluded that inquiry-based
learning is effective for developing students’ critical thinking
[53]. The model allows and helps students gain an
understanding of the scientific method to develop critical
thinking skills [54].

Critical thinking corresponds to the threshold at which
transformation becomes the most distinctive characteristic.
This is because obtaining the threshold involves a series of
continuous shifts. Progress is made through effective
teaching and learning. It has been determined that PBL
encourages critical thinking [55].

Problem-based learning improves students’ lifelong skills,
such as critical thinking, which they use in the learning
process. This is useful in the knowledge construction process
by relating current and previous knowledge [18].

The PBL method control group was divided into groups. In
these groups, participants that seemed confident appeared as
the mainstay of their group friends who lacked confidence.
At first, these participants looked excited but also tired. Some
participants showed a lack of confidence and
problem-solving motivation and were lazy to defend answers.
They are irresponsible for their answers but follow their more
confident friends. Furthermore, in the self-reflection session,
many less-confident participants cannot accept criticism
gracefully. They are the last to answer questions, conform to
be accepted in their group, and are not enthusiastic in group
discussions. Therefore, they should be asked the reason why
they solve the problem being studied to motivate the
participant in PBL group.

The participants in the IBL group were not divided into
groups. Instead, they formulate their problems, seek answers,
and correct them using the material links shared by the
facilitators. With the IBL method, they compare their
abilities after learning with their own abilities before. They
do not compare their abilities with others, either in the same
group or different groups.

The third finding is that the converging learning style had a
higher CT improvement than the approaches in the IBL
group. The individual learning style convergence consists of
abstract conceptualization and active experimentation, which
means that individuals learn through thinking and action.
People with convergent styles prefer experimenting with new
ideas, conducting simulations, and working with practical
applications [43]. People with convergent learning styles are
problem-solvers and adept at finding practical solutions.
Moreover, they prefer technical tasks and are less concerned
with people and interpersonal aspects. People with
converging learning styles are best at finding practical uses
for ideas and theories. It is easy to arrive at technical
decisions through the application of abstract concepts to
real-life situations. A unified learning style enables special
skills and technology. People with a converging learning
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style are able to use the left and right brain to think [56].
Furthermore, students with a converging learning style have
advantages in applying theory to problem-solving [57]. This
makes participants with the highest converging learning
styles improve their critical thinking skills.

The limitation of this study is that the learning style is the
participant's choice, not something that is taught by the
facilitator in IBL. Thus, the type of person with a converging
learning style will be excellent at implementing IBL and
improving their critical thinking. As for other learning styles
(assimilating, accommodating, and diverging), although not
as good as the converging type in implementing IBL, they
still significantly improve critical thinking. We suggest
further research on IBL implementation with a larger and
unlimited sample size for prospective teachers not only who
have low and very low critical thinking.

VI.

From this study, it can be concluded that Inquiry-based
learning (IBL) improves the critical thinking skills of
prospective teachers. This increase in critical thinking
abilities is higher than problem-based learning methods. IBL
increases the entire group of prospective teachers, on the
other hand, the PBL method is not suitable for groups with
very low CT. Prospective teachers with a converging
learning style find it easier to implement IBL so that it results
in the highest increase in CT.

CONCLUSION
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