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Problem-Based Learning. shows students' critical thinking skills are still relatively low. Critical

thinking indicators that get an average score from high to low are
interpretation, analysis, inference, and evaluation. An alternative that can
be done to increase students' interest and critical thinking skills is to apply
the PBL model in physics learning. Novelty: The novelty of this research
lies in its new contribution to mapping students' initial abilities regarding
their critical thinking skills with the help of the PBL model. This mapping
helps lecturers evaluate physics learning, especially electromagnetic
material, and determine what future steps can be taken to improve
students' critical thinking skills.

INTRODUCTION

During the COVID-19 pandemic, which occurred from 2020 to mid-2022, learning was
carried out online from home. Online learning is learning without face-to-face using
platforms or media in the form of mobile learning, which utilizes various applications
such as Google Classroom, Zoom, WhatsApp, and Instagram (Husna, 2020; Rozi, 2021).
It is not easy to do online learning. Lecturers and students need more time to learn
online (Herliandry et al.,, 2020) because they must prepare devices that support
accessing available platforms and create appropriate class designs and delivery
methods to achieve learning objectives (Sari et al., 2021). Additionally, several obstacles
telt by both lecturers and students during the online learning process, namely network
problems and high internet quota requirements, decrease students' response and
understanding of the material presented by lecturers (Loviana et al., 2021). Nadeak et al.
(2020) explain that these consequences are also influenced by the demands placed on
students, namely that they must be able to use their critical thinking skills well to adapt
and survive in online learning, where they must be critical and skilled in using various
online learning support media that they have never used before.

Good critical thinking skills can help students become independent and proficient in
problem-solving the various problems they face. Critical thinking is a high-level
thinking skill that focuses on logic is reflective and allows someone to make decisions
and take appropriate actions (Ennis, 2013). Reflective
Questioning is an active process of carefully considering all alternatives before
deciding. Critical thinking skills are essential and valuable to develop (Fitriani et al.,
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2020), considering that this ability is a significant part of 21st-century skills. Through
critical thinking, students can develop other 2lst-century skills, such as problem-
solving and creative thinking (Thornhill-Miller et al., 2023). Not only that, but the
ability to think critically is also one of the ultimate goals of education, namely
producing critical thinkers who can work effectively in society (Alkharusi et al., 2019)
and one of the competencies that students must have as future teacher candidates.
Students as future teacher candidates are required to master the ability to organize and
control their thinking processes, where they use thinking strategies in analyzing
arguments and assumptions, provide interpretations based on correct and rational
perceptions, and form logical arguments and interpretations; this ability is critical
thinking (Febriana, 2019).

Considering the importance of critical thinking skills for students as future teacher
candidates, there is a need to map how and to what extent their critical thinking skills
are to help lecturers determine what future steps can be taken to improve student's
critical thinking skills (Syahfitri et al., 2019). The mapping that will be carried out is
assisted by applying the problem-based learning model in physics learning. This model
conditions students to learn to interact with other people in groups, relate learning to
other material, and train them to make inquiries to find the right way to solve problems,
think critically, and learn independently (Arends, 2012). This model was chosen
because it has been proven from various studies to be able to improve student's critical
thinking skills (Afdareza et al., 2020; Aripin et al., 2021; Cahyono & Dwikoranto, 2021;
Mike & Maria, 2020; Rosmasari & Supardi, 2021; Windari & Yanti, 2021). Based on this
description, researchers conducted research to analyze the profile of students' critical
thinking abilities in physics learning, especially electromagnetic material, with the help
of the problem-based learning model.

RESEARCH METHOD

The research design is pre-experimental, and the data analysis technique is qualitative
descriptive analysis (Tiswarni, 2019). This preliminary research was conducted to
describe the conditions and problems on campus in detail (Shorey et al., 2020). Research
like this does not test hypotheses (Saphira & Prahani, 2022). The research results are
considered in perfecting models and learning tools to improve student's critical
thinking skills in the electricity and magnetism course. The participants in this study
were 19 students majoring in natural sciences in their third semester at a university in
Surabaya, Indonesia. Data collection in this study used several instruments, namely 1)
CTS test questionnaire sheets consisting of five indicators on electromagnetic material,
2) Educator interview sheets, and 3) Student response questionnaire sheets.

The sampling technique in this study was purposive sampling. Data analysis
techniques are based on the results of responses from test questionnaires and student
response questionnaires (Rizki et al., 2021; Syamsu, 2020), which were made using
Google Forms (Mashurin et al., 2021). The results of the data analysis are used to
describe the actual conditions and circumstances in tertiary institutions for CTS
students. The research phase was carried out as shown in Figure 1.

IJORER: https./fjournal.ia-education.com/index.php/ijorer 169



Profile of College Students' Critical Thinking Skills Assisted by Problem-Based Learning Models on Electromagnetic Material

Identifiying
Problems of Making Research
Students CTS Instruments
Level

Start l Literature Study

Drim Al Collecting Data by
Implementing of |
Critical Thinking
Skills Assessment !

1 Validation of
Revision Research
\ Instruments

Qualitative
Deseriptive

Interpreting

- I l Finish
Analysis results

Figure 1. Research stages.

The research stage began with a literature study on critical thinking skills, problem-
based learning models, and the relationship between the two. After obtaining the
required information, identify problems regarding students' critical thinking abilities
through observation. Create, validate, and revise the research instrument based on the
identification results. After the instrument is suitable for use, the next step is to collect
and analyze the data and draw conclusions from the results of the analysis. The final
stage is compiling an article for publication.

The test questionnaire consists of 8 essay questions from the four leading CTS
indicators: inference, interpretation, analysis, and evaluation (Dita et al., 2021). The
problems raised in essay form are intended to present more complex answers than
answers in the multiple-choice form (Maryani et al., 2021). The response questionnaire
consists of 8 questions. The responses obtained were then analyzed at the student's CTS
level. If the answers are logical, complete, and systematic, then the points obtained are
5, if the answer only has two components (logical and complete or logical and
systematic), then the points obtained are 3; if the answer only gets one compliment,
then the point obtained is only 1, And if the student's answer is wrong, the points
obtained are 0. So, the maximum number of points obtained is 40 (Saphira & Prahani,
2022). Furthermore, the final value of each student is determined mathematically as
follows:

Points Earned

Final Value = p p
Maximum Points

The categories used are as follows:

Table 1. Range of categories.

Range of Score Categories
75.00 < Score < 100.00 High
45.00 < Score <75.00 Medium

Score < 45.00 Low

(Rohmah & Prahani, 2021)
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RESULTS AND DISCUSSION

Results

Based on these criteria, the value of students' CTS can be seen. This research was
conducted by providing a CTS test questionnaire with eight essay questions. Every two
questions represent one indicator in critical thinking: analysis, interpretation, inference,
and evaluation (Facione, 2015; Dita et al., 2021). Students are expected to be able to
answer based on the problems given by analyzing, interpreting, and concluding data
and information, then evaluating solutions in the form of statements and explaining
clearly the solutions they have made based on the problems they face (Sunarti et al.,
2021). Through these answers, researchers can assess their CTS. Student CTS results
obtained on electromagnetic material using the Facione indicator are presented in
Figure 2.

15

Students CTS

0 2 4 6 8 10 12 14 16
Students Total

Low B Medium B High

Figure 2. The results of students” CTS assessment.

Figure 2 shows that as many as 15 students get a low category, four students get the
medium category, and none get the high category. These results indicate that the CTS
level of students, especially in electromagnetic material, is still low.
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Figure 3. Average of students’ CTS of each indicator.

Figure 3 is an interpretation of the results of the essay test, which includes CTS
indicators; the average value of each indicator obtained by students is obtained. Based
on the picture, interpretation, analysis, inference, and evaluation are the indicators that
get the average value from high to low. Examples of student answers to the CTS essay
test on each indicator, namely interpretation, inference, analysis, and evaluation, are in

Figure 4.

1. In Bar magnet, the poles are at the ends, the right end (red) is the north pole
while the left end (blue) is the south pole

2. Incylindrical magnets, the poles are at the ends, the right end (red) is the north
pole while the left end (blue) is the south pole

3. Inneedle magnet, the poles are at the ends, the right end (red) is the north pole
while the left end (blue) is the south pole

4. In the Horseshoe magnet, the pole on the north is on the right (red) while the
south pole is on the left (blue)

5. Ring magnet, the poles are at the front and back of the ring

Figure 4. Student answers to interpretation.

Figure 4 shows the interpretation indicators; students are asked to interpret the type
of magnet based on its shape and mention the polar information. A few student
answers focused on the type of magnet based on its shape and should have specifically
mentioned the polar information.

Because the electricity needed by each house is different
Dhe to the influence of the cables used to make the electrical circuit

Figure 5. Student answers to inference.
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Figure 5 shows an inference indicator; students are asked to make conclusions from
three illustrations regarding the difference in the amount of voltage in each house, even
though the input voltage is the same. Most students need help understanding the
implementation of transformers in power transmission. The answers given are not
related to the working principle of the transformer, power, or electrical energy, which
affects the voltage of each house. This shows that students still need help
understanding what to do with the problems presented.

The temperature in the outer layer of the sun ranges from thousands of degrees
Celsius. At temperatures this hot, collisions or collisions between gas molecules often
occur and cause explosions. The electrons freed by the impact are thrown from the
sun's atmosphere when the sun rotates. These electrons come out of the holes in the
sun's force field. Then it is blown by the solar wind to Earth. These electrically charged
particles are deflected by the earth's force field. At the north and south poles, the
strength of the earth's force field is very weak, because the reflected electrically
charged particles penetrate the earth's atmosphere and collide with the earth's gas
particles. This collision produces light that dances in the sky above the north and south

poles. So auroras can't occur in Indonesia.

Figure 6. Student answers to analytical indicators.

Figure 6 shows students' answers to the results of their analysis regarding the
possibility or not of an aurora occurring in Indonesia. The answer shown is the best
because it is very complex and comprehensive; a small number of students only answer
no by giving a less in-depth explanation, such as the aurora occurs at the poles of the
earth, namely at the south pole and north pole due to the influence of the magnetic
field. This indicator is higher than inference; it can be concluded that the analysis
carried out by students is good, but it is difficult to conclude the analysis results.

&
Y’

A A
SV

"

Figure 7. Student answers to evaluation indicators.

Figure 7 shows a representation of student answers to evaluation indicators. Students
are asked to evaluate the state of a positive electric charge (q) in a magnetic field (B),
which is related to the magnetic force (F) and the speed of the charge (v) as outlined in
the illustration. Most of the students could not describe the state of a positive electric
charge (q) in a magnetic field (B), so the results of their answers deviated from the
theory, and most of them did not answer or were blank. This indicator is the lowest in
obtaining the average value in Figure 3.
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Results of Student Response to Electromagnetic Material
Table 2 shows that students agree that electromagnetic material is essential and
challenging to learn, and they disagree if it is easy to learn. They often ask if they need
help understanding the material presented by the lecturer.

Table 2. Students' response to electromagnetic material and CTS in college.

Answer (%) (n=19 Students)

Strongl . Strongl

Statement Disa g%e}é Dlsi)gree Agree (A) Agr:agey
ep) O (54)

Electromagnetic material is important to 5.26 5.26 78.94 10.52
learn (1) (1) (15) (2)

. . 0 10.52 63.15 26.31
Electromagnetic material is difficult to learn 0) @ (12) 5)
Electromagnetic material is easy to 5.26 63.15 26.31 5.26
understand (1) (12) ©)] 1)
I often ask if I do not understand the 10.52 26.31 52.63 10.52
material delivered by the teacher (2) ) (10) ()

. . 0 5.26 47.36 47.36
CTS is important to teach in school 0) 1) 9 9
I have done learning activities to improve 0 15 57.89 26.31
CTS (0) (3) (11) (5)
I have been trained with critical thinking 5.26 10.52 63.15 21.05
skills tests (1) (2) (12) 4)
Critical thinking skills tests are difficult to 10.52 5.26 47.36 36.84
do @) 1) ©) )

Furthermore, students agree that CTS in lectures is necessary. They have carried out
activities to improve CTS and have been trained with the CTS test even though it is
difficult.

Interview Results of Interviews with Electromagnetic Lecturer

This research looks not only at the student's point of view but also at the lecturer's
opinion regarding the learning model and learning outcomes applied on campus.
Interviews were conducted to look deeper (Osborne et al., 2018) regarding learning
physics, especially in electromagnetic material. The results of interviews conducted
with six questions are presented in Table 3.

Table 3. Results of interviews with electromagnetic lecturers regarding the
implementation of physics lessons.

Question

Answers

How are the character, motivation, and
interest in learning students in studying
physics, especially electromagnetic material?
Has the learning method wused applied
Merdeka Belajar to teach the concept of
physics  to  students, especially on
electromagnetic materials?

Are there any disadvantages or limitations of
learning methods used to teach the concept of

Their character, motivation, and demand still
need to be improved due to the length of
online learning.

Not really

There are no significant limitations because
learning has started offline; students can study
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Question

Answers

physics to students, in
electromagnetic materials?

Has CTS ever been specially trained for
students during teaching and learning
activities in college?

According to the Teacher, is CTS important?

Could you give me a reason?

especially

According to The Teacher, how should efforts
be made to improve CTS in students?

in rooms and practicums to improve their
understanding and skills.

Ever by integrating material with phenomena
or cases that occur in the real world.

It is essential because CTS can assist students
in solving a problem to obtain an effective and
efficient solution.

Could you give them a quiz?

Table 3 shows that physics learning

in lectures, especially in electromagnetic

material, is still conventional; no design, implementation, and assessment reform has
yet to be adapted to the latest curriculum. There has yet to be a significant effort by
educators to increase student CTS.

Discussion

Reviewing the results obtained, firstly, the electromagnetic material is classified as a
material that is difficult to study. This difficulty arises because concepts related to
electromagnetics tend to be abstract and complex and contain various calculations
requiring students to memorize various formulas. In conventional learning, lecturers
usually need help teaching this material even though it has been linked to natural
phenomena or events (Kanamugire et al., 2019). This difficulty will trigger students to
distort and integrate scientific concepts with intuitive conceptions that conflict. This
distortion causes conceptual errors in perception and confusion in relating existing
concepts, making them sink into misconceptions. Conventional learning change
strategies must involve cognitive conflict to suppress misconceptions so that existing
scientific conceptions can be understood, make sense, and are helpful for students
(Wahyudi et al., 2019).

Second, students' CTS still needs to be higher. Referring to the interview results in
Tables 2 and 3, this low skill level is because learning is still carried out conventionally.
This learning is more lecturer-centered and causes some students to appear still passive
when learning (Angelina, 2019). Lecturers tend to use the lecture method and do not
familiarize students with how to make the right decisions and solve a problem
effectively even though they have linked the material to natural phenomena or events,
so they experience difficulty in providing logical arguments. Students are also more
often accustomed to learning by prioritizing the process of remembering and
understanding rather than accustomed to learning using critical thinking indicators
(Ningsih et al., 2022). CTS is essential to be taught, trained as early as possible, and
implemented continuously to help students observe various problems that may occur
and find solutions to these problems (Rahmadita, 2021), as well as make them critical
thinkers who can work effectively in society (Alkharusi et al., 2019; Fitriani, 2020).
Considering the importance of this skill for students, lecturers need to improve it
through various creative and innovative efforts in learning so that they become more
interested in literacy, thinking, conducting investigations, and making conclusions
based on the problems given (Dewi et al., 2019). One effort can be used to apply the
problem-based learning (PBL) model in learning. The problem-based learning (PBL)
model has been proven more effective than conventional classroom learning. It
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positively impacts students' critical thinking abilities because problem-solving through
PBL can help build new knowledge and hone their critical thinking skills.

Table 4. Relevant research.

Author Research Purposes Research Result

(Aswan et al., 2018) Determine the effect of PBL PBL models affected the
models on students' critical students' critical thinking
thinking skills and skills and competencies.
competencies.

(Hussin et al., 2019) Examine how the online tools  PBL, with the aid of online
are a medium to increase tools, is the best teaching
students’ critical thinking strategy to enhance students'
skills by PBL strategy. critical thinking skills.

(Afdareza et al., 2020) Produce a learning device The learning device based on
based on 21st-century skills 21st-century skills with the
with the implementation of implementation of problem-
problem-based learning to based learning to increase
increase students' critical students' critical thinking
thinking skills on polyhedron  skills on polyhedron for grade
for grade 8th junior high 8th junior high school has
school valid, practical, and been valid, practical, and
effective. effective.

(Mike & Maria, 2020) Producing learning tools The test scores and the
using the PBL model, which questionnaire scores indicated
in the implementation process that problem-based learning
uses manipulative materials using manipulative materials
in terms of cognitive abilities  effectively improved learning
and interest in learning outcomes and students'
material opportunities for interest in learning
class VIII middle school mathematics.
students.

(Aripin et al., 2021) Know the effectiveness of PBL  Physics learning tools based

(Cahyono & Dwikoranto,
2021)

(Rahmadita et al., 2021)

(Rosmasari & Supardi, 2021)

teaching materials to improve
effective and efficient
problem-solving and students'
critical thinking skills.

Describe the application of the
PBL model and the
implications for improving
critical thinking skills.

Determine the students'
critical thinking skills and the
application of PBL in high
school.

Improve learners' critical

on PBL models effectively and
efficiently to improve
problem-solving skills and
critical thinking skills
learners.

Implementing the PBL model
improved students' critical
thinking skills according to
the experimental class n-gain
score of 0.58 and the control
class by 0.31.

Surabaya State High School
students' critical thinking
abilities are at a medium level.
Applying the PBL learning
model assisted by PhET can
be an alternative learning
method to improve students'
critical thinking skills.

The PBL learning model on
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Author Research Purposes Research Result
thinking skills by applying business, energy, and material
PBL learning models to physics lessons can improve
business and energy learners' critical thinking
materials. skills.
(Windari & Yanti, 2021) Improve the ability to think This study uses this type of

(Neswary & Prahani, 2022)

(Darmawati & Mustadi, 2023)

(Jamilah et al., 2023)

(Siregar & Narpila, 2023)

(Yu & Zin, 2023)

critically in physics learning
using PBL models.

Analyzing the profile of
students' critical thinking
skills and the application of
PBL models based on digital
books on physics learning in
high school.

Determine (1) the difference
in critical thinking skills
between students taught
using problem-based learning
and expository learning and
(2) the influence of
implementing problem-based
learning on students' critical
thinking skills.

Determine the effect of
problem-based learning
models on students' critical
thinking skills.

Determine the effect of the
problem-based learning (PBL)
model on critical thinking
skills and students'
motivation to learn
mathematics.

Analyzed how studies have
adapted Problem-Based
Learning (PBL) to become
more Critical Thinking (CT)-
oriented, evaluated the
effectiveness of these
adaptations, and determined

classroom action research.
Incorporating aspects of
critical thinking skills can
improve the critical thinking
skills of static fluid principal
learners.

Students' critical thinking
skills are low; therefore, it is
necessary to improve them by
implementing digital book-
assisted PBL models.

The research findings indicate
that (1) there is a significant
difference in students' critical
thinking skills between the
group taught using problem-
based learning and the group
taught using expository
learning, with a p-value of
0.004, and (2) the
implementation of problem-
based learning positively and
significantly influences
students' critical thinking
skills, with a significance
value of 0.005.

The PBL learning model
affected the critical thinking
skills of fourth-semester
students at the Indonesian
Language and Literature
Education Study Program.
Students who get the
problem-based learning
model are better than students
who use conventional
learning models.

An analysis of all selected
studies revealed positive
outcomes, indicating that
incorporating CT elements
into PBL effectively enhanced
students' CT. These findings
were categorized into nine
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Author Research Purposes Research Result
why specific adaptions were  factors contributing to the
successful. successful adaptation of PBL

to CT-oriented.

CONCLUSION

Fundamental Finding: From the results of research using preliminary research methods
that have been carried out, it was concluded that the lowest student CTS criteria were
found in the evaluation indicators with an average score of 0.19 and the highest criteria
were found in the interpretation indicators. These results show that students' CTS is still
relatively low. This research also found that universities still apply physics with
conventional teaching, and the lecture method dominates learning. An alternative that
can be done to increase students' interest and critical thinking skills is to apply the PBL
model in physics learning. Implication: These findings have significant implications for
education. Improving students' critical thinking can encourage their intellectual
development. Lecturers and policymakers must consider the importance of learning
habits and integrating critical thinking indicators into the curriculum. Positive student
teedback highlights the importance of creating a more exciting learning environment,
motivating and encouraging interactivity in learning physics, especially
electromagnetic, so they can develop themselves to the maximum.

In conclusion, this research highlights that applying the PBL model can increase
students' interest and critical thinking skills to prepare themselves to face the future.
Limitation: This research shows that students' CTS is still relatively low. Critical
thinking indicator testing is limited to four indicators: interpretation, analysis,
inference, and evaluation, so other indicators must be tested more accurately. Future
Research: Future research can explore the latest indicators of critical thinking, whether
according to Facione or others, to be integrated into physics learning, especially
electromagnetic material, and integrate various learning strategies that are creative,
innovative, challenging, and accommodate students' needs so that the learning they
experience does not seem conventional. If all of this can be realized, students can
optimally develop themselves to have an essential societal role.
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