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Abstract

Argumentation is one of the factors considered in measuring critical thinking
skills. This study aims to evaluate the effectiveness of the Argumentation-
based Problem-Based Learning model in enhancing the critical thinking skills
of prospective mathematics teachers. This study used a post-test only control
design involving 53 prospective mathematics teacher students at UPGRIS,
consisting of two classes, namely the experimental class and the control class
with a purposive sampling technique. The data collection technique was
carried out through a critical thinking ability test. The data analysis technique
used was a prerequisite test analyzing with a paired sample t-test hypothesis
test, independent sample t-test and N-gain. The results showed that the
experimental class experienced an increase in critical thinking skills in the
group theory course. The critical thinking skills of the experimental class with
the Problem Based Learning and Argumentation model learning were better
than the control class with a sig <0.05. The increase in students' critical
thinking skills increased significantly with a moderate category (N-gain =
0.47). The indicator of critical thinking skills in the criteria stating that there
are problems in the information provided experienced the greatest increase,
while the indicator of constructing valid arguments experienced the lowest
increase. There was an increase in the ability of prospective teachers in
constructing arguments but in the low criteria. The ability to construct
arguments needs to be given special attention in efforts to improve critical
thinking skills.

Keywords: Critical Thinking Skills, Problem Based Learning-Argumentation, Group
Theory.

Peningkatan Kemampuan Berpikir Kritis melalui Model Pembelajaran
Berbasis Masalah dan Argumentasi pada Mata Kuliah Teori Group

Abstrak

Argumentasi menjadi salah satu yang diperhatikan dalam mengukur
kemampuan berpikir kritis. Penelitian ini bertujuan untuk mengukur tingkat
efektifitas model Problem Based Learning berbasis Argumentasi terhadap
peningkatan kemampuan berpikir kritis calon guru matematika. Penelitian
ini menggunakan jenis penelitian post-test only control design dengan
melibatkan 53 mahasiswa calon guru matematika di UPGRIS yang terdiri
dari dua kelas vyaitu kelas eksperimen dan kelas kontrol dengan
teknik purposive sampling. Teknik pengumpulan data dilakukan melalui tes
kemampuan berpikir kritis. Teknik analisis data yang dilakukan adalah
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dengan uji prasyarat menganalisis dengan uji hipotesis paired sampel t-test,
independent sampel t-test dan N-gain. Hasil penelitian menunjukkan kelas
eksperimen mengalami peningkatan kemampuan berpikir kritis pada mata
kuliah teori group. Kemampuan berpikir kritis kelas eksperimen dengan
pembelajaran model Problem Based Learning dan Argumentasi lebih baik
dari pada kelas kontrol dengan sig < 0,05. Peningkatan kemampuan berpikir
kritis siswa meningkat secara signifikan dengan kategori sedang (N-gain =
0,47). Indikator kemampuan berpikir kritis pada kriteria menyatakan bahwa
ada masalah dalam informasi yang diberikan mengalami peningkatan paling
besar, sedangkan indikator penyusunan argument yang valid mengalami
peningkatan yang paling rendah. Terdapat peningkatan kemampuan calon
guru dalam menyusun argumentasi namun dalam kriteria rendah.
Kemampuan menyusun argumentasi perlu menjadi perhatian khusus dalam
upaya peningkatan kemampuan berpikir Kritis.

Kata Kunci: Kemampuan Berpikir Kritis, Problem Based Learning-Argumentasi,
Teori Grup

INTRODUCTION

Critical thinking abilities are very important abilities to equip prospective mathematics
teachers who must have the ability to analyze deeply, synthesize, and evaluate abstract concepts
so that they will increase their competitiveness in the academic world and the world of work. In
line with several research results that say that competitiveness in the industrial era 4.0 someone
to be more appreciated in the world of work and the academic world can be increased through
efforts to improve critical thinking skills. (Bermingham, 2015; Kivunja, 2015; Trilling & Fadel,
2009; Zare & Othman, 2015). Critical thinking abilities are consistently included in the higher
education curriculum as a list of important things behind college and career readiness (Costa,
Arthur L., 2015; Costa & Kallick, 2014; Kraisuth & Panjakajornsak, 2018).

Improving critical thinking skills needs to be programmed specifically and accompanied by
instructors so that they develop well because they will not develop naturally. According to the
opinions of several experts who stated that critical thinking skills do not develop through a natural
process, but require special treatment through a structured teaching process (Nold, 2017).
Oshorne (Baker et al., 2001; Rudd et al., 2000) stated that helping students to develop thinking
skills in the learning process is the most important element that needs to be made the main goal
in learning. Arend (Richard I. Arends, 2008) stated that critical thinking skills can be possessed
by prospective teachers if they are consistently trained either through a directed discussion

program or facilitated by an instructor.
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The application of interactive problem-based learning models can be an alternative solution
in an effort to improve critical thinking skills. One of the learning models offered is the Problem
Based Learning model which is a problem-based learning model through the process of solving
real problems with a discussion process. In line with several studies that reveal that PBL allows
students to develop critical thinking skills through the development of logical arguments,
evaluation of claims, and resolution of conceptual conflicts (Cindy & Hmelo-Silver, 2004; Jailani
etal., 2017; Jiménez-Aleixandre & Erduran, 2019). Previous studies have shown that PBL can
increase student engagement in the learning process and significantly improve critical thinking
skills (Liu & Pésztor, 2022; Subagiyo et al., 2023; Wiono et al., 2024).

The results of the study revealed that the level of critical thinking skills of students in
Indonesia is still relatively low (Hidayati & Sinaga, 2019; Syahrial et al., 2019; Tanudjaya &
Doorman, 2020). This statement is reinforced by the results of PISA and TIMMS which state
that the ability to solve mathematical problems in Indonesia is classified as low (Aprilia et al.,
2023). In line with these conditions, the critical thinking skills of prospective teachers at UPGRIS
are still relatively low, this was revealed in the results of observations and interviews which stated
that many prospective teachers have difficulty in solving complex and non-routine story
problems; representing problems in different forms to develop problem-solving strategies, many
have difficulty due to the lack of concepts mastered to compile them. The ability to convey
arguments or questions needs to be an important highlight for prospective teachers at UPGRIS
because most prospective teachers will be silent without language when asked to ask or provide
arguments related to the process of solving problems presented by lecturers, especially in the
Group Theory course.

Several studies have attempted to explore critical thinking skills by describing them in
several internal factors and have produced varying results. Personality type is a good predictor
for describing students' critical thinking skills in the process of solving problems (Fitriana et al.,
2018; Rosidin et al., 2019; Thadea et al., 2018). However, teachers often pay less attention to
students' personalities/characteristics in optimizing thinking skills (Halder et al., 2010). Several
researchers have found different results when describing critical thinking skills in terms of gender
differences. Gender does not significantly affect the results of students' critical thinking skills
posttest scores (Kunandar, 2014; Permani & Prabawanto, 2019; Rudd et al., 2000; Scali &
Derirhan, 2011; Wahyudi et al., 2019). Different results were presented in the study by Y ousefi
and Mohammadi (Yousefi, 2016) stating that critical thinking and reading comprehension have
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a significant correlation, but students' critical thinking does not differ significantly when viewed
from gender and proficiency level. This is different from the results of the study by Shubina &
Kulakli which stated that differences in gender and level of trust between teachers and students
affect the development of critical and creative thinking quality (Shubina & Kulakli, 2019). Male
students have better critical thinking and problem-solving skills (Rodzalan & Saat, 2015). The
mathematical critical thinking skills of female students who use the Knisley mathematical model

are higher than those of male students (Sari & Nurfauziah, 2019).
Several studies have tried to explore the use of problem-based learning models

and learning media to improve critical thinking skills. The application of the inquiry
model has a positive effect and can improve critical thinking skills (Rahmi et al., 2019;
Sabur et al., 2023; Wale & Bishaw, 2020). The use of Augmented Reality-based
learning media is effective in improving critical thinking skills (Zuniari et al., 2022).
The Problem-Based Learning model is effective in improving critical thinking skills in
learning in Malaysia (Zabit, 2010). The PBL model is effective for critical thinking
skills in mathematics learning (Aini et al., 2019). The problem-posing learning model
is effective in improving critical thinking skills (Agoestanto et al., 2019; Permanawati
et al., 2018). Argumentation fluency has a significant effect on critical thinking skills
(Hashemi et al., 2014; Lazarou et al., 2017). Based on the description of the studies
above, it can be stated that there are still few/no studies that apply the problem-based
learning model by considering problems in everyday life and argumentation skills to
improve critical thinking skills. The purpose of this study is to determine the level of
effectiveness of the Argumentation-based PBL learning model in an effort to improve

critical thinking skills.

RESEARCH METHODS

This study uses a quasi-experimental research type involving 53 prospective
mathematics teacher students at the Republic of Indonesia Teachers Association
University (UPGRIS) consisting of two classes, namely the experimental class and the
control class with a purposive sampling technique in the Group Theory course with
purposive sampling technique. Data collection techniques are carried out through
critical thinking ability tests. Data analysis techniques used are prerequisite tests

analyzing with hypothesis tests with paired sample t-tests, independent sample t-test
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and N-gain in the experimental class. Data processing using Statistical Package for
Social Science (SPSS) for Windows software with a significance level of 5%. To
determine the average significant difference in the improvement of problem-solving
skills in the experimental group, prerequisite tests, including normality and
homogeneity tests, were conducted on both the pretest and posttest results before
performing the hypothesis test. This research is an experimental research, where there
are control and experimental classes selected with the principle of convenience
sampling. While the method used is post-test only control design. The experimental
class was treated with Problem basic learning and argument in the learning process
which is reflected in the learning tools developed by the researcher, while the control
class learning is carried out as usual or depending on the Learning Implementation Plan
(RPP) that has been made previously.

This test is given to students before and after learning. The data obtained in this
study are quantitative in the form of normalized gain scores (Archambault, 2008) using

the formula N-Gain = “22£=°Pr¢  \yjith the N-gain value criteria presented in Table 1

maks—°pre

below.
Table 1. N-Gain Criterion
Limitation Category
N-gain > 0,700 High
0,30 <N-gain <0,70 Sedang
N-gain < 0,30 Rendah

Indicators of critical thinking skills were developed from the Ennis and steps of Jhon
Dewey's problem solving. The following table shows indicators of critical thinking
skills in solving problems.

The research instrument used was a critical thinking ability test. This test was
designed based on modified critical thinking indicators by considering the main
elements of critical thinking ability proposed by Ennis, known as Frisco (Focus,
Reason, Inference, Saturation, Clarity, Review) (Cahyono et al., 2023; Ennis, 1993;
Mason, 2007) by considering the problem-solving stages proposed by John Dewey
(Cahyono et al., 2022; Rich, 1985) and the stages of a person in generating/delivering
valid arguments. The analysis of the decline in critical thinking ability indicators is

described in Table 2 below;
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Table 2. Indicators of critical thinking skills are developed by paying attention to the

argumentation component in solving problems

No Elements of  Problem Solving Steps

Indicator of critical thinking

Critical According to John
Thinking Dewey
Recognizing the a. Digging for information to support the
problem (confronting formulation of arguments;
the problem) IBK-1. Stating that there is a problem in the
Define the problem information provided
1 Focus (diagnose or define IBK-2. Interpreting information through
problem) activities of stating/writing/selecting
all important information provided
and supporting the problem-solving
process clearly and completely
2 Reason Finding solutions b. Developing valid arguments through
(inventory several activities:
solutions) or IBK-3. Organizing/revealing previously
Developing several learned definitions, axioms or
hypotheses: a formulas related to the problem
hypothesis is an (finding patterns (sketches)).
alternative solution to formulating problems in the form of
3. Inference solving a problem variables, modeling problems in
algebraic equations)

IBK-4. Using previously learned
definitions, axioms or formulas to
develop several alternative problem
solving strategies accompanied by
arguments.

Testing some ideas c. Testing the validity of arguments through
(conjecture activities:
consequences of IBK-5.Determining  one  assumption/
solutions) hypothesis from several
hypotheses/assumptions as  an
4. Situation alternative solution to the right
problem so as to be able to predict the
allocation of time needed to solve the
problem.

IBK-6. Implementing a plan to solve a math

problem correctly
Taking the best d. Evaluating arguments through activities:
. hypothesis (test IBK-7. Concluding from the process to
5. Clarity . .
consequences) determine the most appropriate
solution.
Checking proven e. Rechecking the arguments that have been
hypotheses given
. IBK-8. Ensuring the correctness of the
6. Overview

answers written through valid logic
IBK-9. Conduct a thorough recheck so that
you can compile arguments that are
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based on wvalid logic for each
conclusion  that is  correctly
determined.

RESULTS AND DISCUSSION
The improvement of students' critical thinking skills can be seen by analyzing the
critical thinking skills test scores both before and after learning, first tested for normality.
The results of the critical thinking ability test after the pretest and posttest are shown in
Table 3. The following are the average results of the pretest and posttest of the critical

thinking ability of prospective teacher students.

Table 3. Recapitulation of Critical Thinking Ability Test Scores for the Experimental
Class and Control Class

Control Class Experimental class
No  Description Pretest Posttest Score Pretest Posttest

Score Score Score

1 Average Score 35,21 52,35 42,58 83,96
2 Smallest score 30 40 35 45
3 Highest Score 45 65 55 90
4 Score Range 15 25 20 40

5 Standard 6,21 10,15 7,28 17,05

Deviation

Table 3 reveals that the average critical thinking skills of both the experimental and
control classes increased. The average increase in critical thinking scores in the
experimental class was higher than in the control class, indicating that the argumentation-
based PBL model provides positive support for improving critical thinking skills.
Problem-based learning models with argumentation scaffolding provide significant
support for the critical thinking skills of prospective teachers in terms of gender
differences and personality types (Cahyono et al., 2021; Jumadi et al., 2021).
Table 4. hasil Uji Normalitas

Tests of Normality

Kolmogorov-Smirnov®  Shapiro-Wilk
Kelas Statistic df Sig.  Statistic df  Sig.

Hasil [Pretest Kelas Kontrol .301 24 .057 795 24 .081
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Posttest Kelas Kontrol 273 24 149 824 24 .059
Pretest Kelas Eksperimen .250 29 221 8271 29 .228
Postest Kelas Eksperimen .341 29 224 583 29 172

Based on table 4, In the Kolmogorov Smirnov normality test criteria table in table
2, if sig> 0.05 then the data is normally distributed. Based on the normality test of the
control class pretest data, sig = 0.057 or sig> 0.05 was obtained and for the control class
pretest data, sig = 0.149 or sig> 0.05, then both pretest data were normally distributed.
While for the control class posttest data, sig = 0.221 or sig> 0.05 was obtained and for
the experimental class posttest posttest data, sig = 0.224 or sig> 0.05, then both posttest
data were normally distributed. For the next test is the homogeneity test. Table 5 is a data

homogeneity test.

Table 5. Test of Homogeneity of Variance.

Test of Homogeneity of Variance

Levene Statistic  dfl df2 Sig.

Based on Mean .041 1 51 .840

Dari hasil uji tersebut didapatkan signifikansi sebesar 0,840 > 0,005

Based on the results of the homogeneity test, a significance value of 0.840 was obtained,
which is greater than the significance level of 0.05. This indicates that there is no
significant difference in variance between the groups tested. Thus, it can be concluded
that the data has homogeneous variance. In experimental research, classes must be
homogeneous and normal to ensure that research results are accurate and not influenced
by other uncontrolled factors (Fraenkel & Wallen, 2008; Sugiyono, 2019). Class
homogeneity can be tested using the homogeneity of variance test, while data normality
can be tested using normality tests such as the Kolmogorov-Smirnov test or the Shapiro-
Wilk test (Field, 2013).

Furthermore, the researcher conducted a paired sample t-test using SPSS to

determine the increase in critical thinking skills of prospective teachers after receiving
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learning treatment with the Problem Based Learning and Argumentation models in the
group theory course in the experimental class. Below are the results of the paired sample
t-test using SPSS.

Tabel 6. Hasil Paired sample t test

Paired Samples Test

Paired Differences Significance
95% Confidence
Std.  Std. Interval of the
Deviati Error Difference
Mean on Mean Lower Upper t df Two-Sided p
Pair 1 Pre Test - - 9.2482 1.7173 -44.89714 -37.86148 -24.095 28 <,001

Post Test 41.37931 2 5

Table 6 shows that the experimental class experienced an increase in the critical
thinking skills of prospective teachers after receiving learning treatment with the
Problem-Based Learning and argumentation models in the Group Theory course, as
indicated by the results of the Paired sample t-test with a significance value of 0.001,
which is smaller than 0.05. There was a very significant difference between the pre-test
and post-test scores, namely an increase in the average score of 41.38 points, which
indicates that the application of the model is effective in improving students' critical
thinking skills. In line with several studies which reveal that the application of problem-
based learning models by adding arguments effectively improves the critical thinking
skills of junior high school students (Akhdinirwanto et al., 2020; Farisi et al., 2023). The
average N-Gain is 0.39 so that the category of increasing students’ critical thinking skills
is included in the moderate category. In accordance with Fadilah's research (Fadilah et
al., 2024) which states that one of the factors that causes an increase in students' critical
thinking skills is due to an increase in students' ability to convey arguments. Students'
critical thinking skills can be improved through fun learning with a problem-based
learning model with argumentation nuances (Ariyanto et al., 2020; Farisi et al., 2023).
The problem-based learning process with direct self-observation trains students to be
able to argue and increases the development of students' thinking skills (Demircioglu et
al., 2023; Rusmini et al., 2021).

The next step is to conduct an Independent Sample T-Test to determine whether
there is a difference in the critical thinking abilities of the experimental class using the

Problem Based Learning and Argumentation learning model with the control class. Table
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7 is Independent-Sample t-Test.
Tabel 7. Hasil Independent Samples Test

Independent Samples Test

t-test for Equality of Means

Significance
t df Two-Sided pMean Difference
Hasil Equal variances -22.692 56 <,001 -41.37931
Kemampuan assumed
berpikir :
Kritis Equal variances not -22.692 43.626 <,001 -41.37931
assumed

Problem-based learning models with argumentation optimize the improvement of all

indicators of students' critical thinking abilities. Indicators of improvement of each

indicator of critical thinking ability are reviewed from the increase in scores obtained by

students, from the initial test score to the final test score, and the normalized score. The

increase in the average score of the initial test and the final test of critical thinking ability

for each indicator is presented in Figure 1 and 2.

Chart Title

’

163 5,41 5,53
634,53
i l i iﬁ

e ————————

ORrNWRARUIOON

RERATA NILAI..
RERATA NILAL..
RERATA NILAL..
RERATA NILAI
RERATA NILAI
RERATA NILAI
RERATA NILAL..
RERATA NILAL..
RERATA NILAI..

RERATA NILAI PRE-..
RERATA NILAI PRE-..
RERATA NILAI PRE-..
RERATA NILAI PRE-..
RERATA NILAI PRE

RERATA NILAI PRE

RERATA NILAI PRE-..
RERATA NILAI PRE-..
RERATA NILAI PRE-..

IBK-1 IBK-2 IBK-3 IBK-4 IBK-5 IBK-6 IBK-7 IBK-8 IBK-9

Figure 1. Average pre-test and post-test scores for each indicator

The increase of each indicator is seen in the N-gain test of each indicator. The following

figure is the N-gain of each indicator.
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Hasil Uji N-gain dari masing-masing indikator
0,7
0,6
0,5

0,4

0,67
0,63
0,39
0,37 b
, 0,34 0,33 0,33
0,29
0,3 0,23
0,2
0,1

IBK-1 IBK-2 IBK-3 IBK-4 IBK-5 IBK-6 IBK-7 IBK-8 IBK-9

Figure 2. N-gain test results for each indicator
From Figure 1 and 2 it is obtained that the table shows the highest average increase

occurred in IBK-1 (stating that there is a problem in the information provided), namely,
the pre-test of 4.81 to 7.82. IBK-4 is an indicator of critical thinking skills that
experienced the lowest score increase. Figure 3 we get the information that the results of
N-gain show that in IBK 1 it is included in the medium category while in IBK 1 it is 0.67
in the High category while in IBK-3 and IBK-4 are in the low category. The Z test on
each indicator shows whether there is a difference in the average test of the initial and
final test scores for each indicator of critical thinking ability. As stated by (Cahyono et
al., 2022; Pertiwi et al., 2019) that there is a relationship between argumentation skills
and problem-solving skills. In the learning process, the development of critical thinking
involves students more as thinkers than as learners (Hasnunidah et al., 2020; Jumadi et
al., 2021; Rosidin et al., 2019).

CONCLUSION

Based on the findings of this study, the significant difference in increasing critical
thinking skills is supported by the results of the average difference test with Z table 1.64
and Z count = 11.53 so that it can be concluded that students’ critical thinking skills before
and after learning are significantly different or the final test score (posttest) of students
after learning has increased significantly compared to before learning. The average N-
Gain is 0.39 so that the category of increasing students' critical thinking skills is included

in the moderate category. the average critical thinking ability of the experimental class
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was 73.21, higher than that of the control class at 52.35. Based on the results of the t-test,
the calculated t hitung 2.021 > 2.003 tTable, so it can be concluded that the critical
thinking skills of the experimental class that received the problem-based learning-

argumentation model treatment were better than the control class.

REFERENCE

Agoestanto, A., Sukestiyarno, Y. L., & Permanawati, F. I. (2019). Kemampuan
Menganalisis Argumen dalam Berpikir Kritis Ditinjau dari Rasa Ingin Tahu. Prisma,
2, 337-342. https://journal.unnes.ac.id/sju/index.php/prisma/ ISSN

Aini, N. R., Syafril, S., Netriwati, N., Pahrudin, A., Rahayu, T., & Puspasari, V. (2019).
Problem-Based Learning for Critical Thinking Skills in Mathematics Problem-Based
Learning for Critical Thinking Skills in Mathematics. Journal of Physics: Conf.
Series, 1155(012026), 1742—6596. https://doi.org/10.1088/1742-6596/1155/1/012026

Akhdinirwanto, R. W., Agustini, R., & Jatmiko, B. (2020). Problem-based learning with
argumentation as a hypothetical model to increase the critical thinking skills for junior
high school students. Jurnal Pendidikan IPA Indonesia, 9(3), 340-350.
https://doi.org/10.15294/jpii.v9i3.19282

Aprilia, G. M., Nabila, H., Karomah, R. M., Hs, E. I., Permadani, S. N., & Nursyahidah, F.
(2023). Development of Probability Learning Media PjBL-STEM Based Using E-
comic to Improve Students’ Literacy Numeracy Skills. Kreano:Jurnal Matematika
Kreatif-Inovatif, 14(1), 160-173.
https://doi.org/https://doi.org/10.15294/kreano.v14i1.38840

Ariyanto, S. R., Lestari, I. W. P., Hasanah, S. U., Rahmah, L., & Purwanto, D. V. (2020).
Problem Based Learning dan Argumentation Sebagai Solusi dalam Meningkatkan
Kemampuan Berpikir Kritis Siswa SMK. Jurnal Kependidikan: Jurnal Hasil
Penelitian Dan Kajian Kepustakaan Di Bidang Pendidikan, Pengajaran Dan
Pembelajaran, 6(2), 197. https://doi.org/10.33394/jk.v6i2.2522

Baker, M., Rudd, R., & Pomeroy, C. (2001). Relationships between Critical and Creative
Thinking. Journal of Southern Agricultural Education Research, 51(1), 173-188.

Bermingham, M. (2015). Clearing up “Critical Thinking”: Its Four Formidable Features.
Creative Education, 06(04), 421-427. https://doi.org/10.4236/ce.2015.64042

Cahyono, B., Kartono, K., Waluya, B., Mulyono, M., & Setyawati, R. D. (2021). Problem-
based learning supported by arguments scaffolding that affect critical thinking teacher
candidates. Cypriot Journal of Educational Sciences, 16(6), 2956—29609.
https://doi.org/10.18844/cjes.v16i6.6480

Cahyono, B., Rohman, ahmad A., Setyawati, R. D., & Dzakiyyah, R. ’llmi. (2023).
Pengembangan Media Pembelajaran E-komik Berbasis Etnomatematik dan

226
Universitas Negeri Semarang ©2024 Universitas Islam Negeri Walisongo

Email: budiw@mail.unnes.ac.id ISSN: 2088-7868, e-ISSN 2502-5708




Rina Dwi S, Stefanus Budi Waluya, Isnarto, Putriaji H/ Phenomenon Vol. 13, No. 2, Oktober 2024

Kemampuan Berpikir Kreatif pada Materi Geometri MTs. AKSIOMA: Jurnal
Program Studi Pendidikan Matematika, 12(2), 2283-2295.
https://doi.org/10.24127/ajpm.v12i2.7398

Cahyono, B., Rohman, A. A., Setyawati, R. D., & Mustaghfiroh, U. (2022). Critical
thinking of prospective teachers in solving math problems in terms of learning styles.
Phenomenon : Jurnal Pendidikan MIPA, 12(2), 226-241.
https://doi.org/https://doi.org/10.21580/phen.2022.12.2.13349

Cindy, E., & Hmelo-Silver. (2004). Problem-Based Learning: What and How Do Students
Learn? Educational Psychology Review, 16(3), 235-266.
https://link.springer.com/article/10.1023/B:EDPR.0000034022.16470.f3

Costa, Arthur L., E. (2015). Developing Minds: A Resource Book for Teaching Thinking.
In Paper Knowledge . Toward a Media History of Documents (Vol. 3, Issue April).
Association for Supervision and Curriculum Development, 225 N. Washington St.,
Alexandria, VA 22314.

Costa, A. I, & Kallick, B. (2014). Dispositions: Reframing teaching and learning. CA:
Corwin.

Demircioglu, T., Karakus, M., & Ucar, S. (2023). Developing Students’ Critical Thinking
Skills and Argumentation Abilities Through Augmented Reality—Based
Argumentation Activities in Science Classes. In Science and Education (Vol. 32, Issue
4). https://doi.org/10.1007/s11191-022-00369-5

Ennis, R. H. (1993). Critical thinking assessment. Theory Into Practice, 32(3), 179-186.
https://doi.org/10.1080/00405849309543594

Fadilah, A. M., Muhlisin, A., & Ismawati, R. (2024). Development of an Ethnoscience-
Based Integrated Science Module with RIAS Learning Model to Improve Students’
Critical Thinking Ability. Phenomenon : Jurnal Pendidikan MIPA, 13(2), 264—-282.
https://doi.org/10.21580/phen.2023.13.2.16931

Farisi, A., Evendi, E., Halim, A., Syukri, M., & Elisa, E. (2023). Implementation of
Argumentation-Based Problem-Based Learning Models to Improve Critical Thinking
Skills in Vibration and Wave Material. Jurnal Penelitian Pendidikan IPA, 9(2), 609—
612. https://doi.org/10.29303/jppipa.v9i2.2716

Field, A. (2013). Discovering Statistics Using IBM SPSS Statistics. Sage Publications.

Fitriana, L. D., Fuad, Y., & Ekawati, R. (2018). Student’s Critical Thinking in Solving
Open-Ended Problems Based on Their Personality Type. Journal of Physics:
Conference Series, 947(1). https://doi.org/10.1088/1742-6596/947/1/012007

Fraenkel, J. R., & Wallen, N. E. (2008). How to Design and Evaluate Research in
Education. McGraw-Hill

Halder, S., Roy, A., & Chakraborty, P. K. (2010). The influence of personality traits on

227
Universitas Negeri Semarang ©2024 Universitas Islam Negeri Walisongo

Email: budiw@mail.unnes.ac.id ISSN: 2088-7868, e-ISSN 2502-5708




Rina Dwi S, Stefanus Budi Waluya, Isnarto, Putriaji H/ Phenomenon Vol. 13, No. 2, Oktober 2024

information seeking behaviour of students. Malaysian Journal of Library and
Information Science, 15(2), 41-53.
https://ajap.um.edu.my/index.php/MJLIS/article/view/6721

Hashemi, M. R., Behrooznia, S., & Mahjoobi, F. M. (2014). A Critical Look into Iranian
EFL University Students’ Critical Thinking and Argumentative Writing. lranian
Journal of Applied Linguistics (IJAL), 17(1), 71-92.

Hasnunidah, N., Susilo, H., Irawati, M., & Suwono, H. (2020). The contribution of
argumentation and critical thinking skills on students’ concept understanding in
different learning models. Journal of University Teaching and Learning Practice,
17(1). https://doi.org/10.53761/1.17.1.6

Hidayati, Y., & Sinaga, P. (2019). The profile of critical thinking skills students on science
learning. Journal of Physics: Conference Series, 1402(4).
https://doi.org/10.1088/1742-6596/1402/4/044075

Jailani, J., Sugiman, S., & Apino, E. (2017). Implementing the Problem-Based Learning in
Order to Improve the Students > HOTS and Characters. Jurnal Riset Pendidikan
Matematika, 4(2), 247-2509.
https://doi.org/http://dx.doi.org/10.21831/jrpm.v4i2.17674

Jiménez-Aleixandre, M. P., & Erduran, S. (2019). Argumentation in Science Education:
Perspectives from Classroom-Based Research. In Sustainability (Switzerland) (Vol.
11, Issue 1). http://scioteca.caf.com/bitstream/handle/123456789/1091/RED2017-
Eng-
8ene.pdf?sequence=12&isAllowed=y%0Ahttp://dx.doi.org/10.1016/j.regsciurbeco.2
008.06.005%0ANhttps://www.researchgate.net/publication/305320484 SISTEM_PE
MBETUNGAN_TERPUSAT _STRATEGI_MELESTARI

Jumadi, J., Perdana, R., Riwayani, & Rosana, D. (2021). The impact of problem-based
learning with argument mapping and online laboratory on scientific argumentation
skill. International Journal of Evaluation and Research in Education, 10(1), 16-23.
https://doi.org/10.11591/ijere.v10i1.20593

Kivunja, C. (2015). Using De Bono'’s Six Thinking Hats Model to Teach Critical Thinking
and Problem Solving Skills Essential for Success in the 21st Century Economy (pp.
380-391). Creative Education. Vol 6.
https://doi.org/http://dx.doi.org/10.4236/ce.2015.63037

Kraisuth, D., & Panjakajornsak, V. (2018). Thai AEC Engineer Readiness: A Confirmatory
Factor Analysis. SAGE Open, 8(1). https://doi.org/10.1177/2158244017745346

Kunandar, K. (2014). Penilaian Autentik (Penilaian Hasil Belajar Peserta Didik
Berdasarkan Berdasarkan Kurikulum 2013). Raja Grafindo Persada.

Lazarou, D., Erduran, S., & Sutherland, R. (2017). Argumentation in Science Education as
an Evolving Concept: Following the Object of Activity. Angewandte Chemie

228
Universitas Negeri Semarang ©2024 Universitas Islam Negeri Walisongo

Email: budiw@mail.unnes.ac.id ISSN: 2088-7868, e-ISSN 2502-5708




Rina Dwi S, Stefanus Budi Waluya, Isnarto, Putriaji H/ Phenomenon Vol. 13, No. 2, Oktober 2024

International Edition, 6(11), 951-952., 44(0), 5-24.
https://doi.org/http://dx.doi.org/10.1016/j.1csi.2017.05.003

Liu, Y., & Pasztor, A. (2022). Effects of problem-based learning instructional intervention
on critical thinking in higher education: A meta-analysis. Thinking Skills and
Creativity, 45(May). https://doi.org/10.1016/j.tsc.2022.101069

Mason, M. (2007). Critical thinking and learning. Educational Philosophy and Theory,
39(4), 339-349. https://doi.org/10.1111/j.1469-5812.2007.00343.x

Nold, H. (2017). Using Critical Thinking Teaching Methods to Increase Student Success:
An Action Research Project. International Journal of Teaching and Learning in
Higher Education, 29(1), 17-32. http://www.isetl.org/ijtlhe/

Permanawati, F. I., Agoestanto, A., & Kurniasih, A. W. (2018). The students critical
thinking ability through problem posing learning model viewed from the students
curiosity. Unnes Journal of Mathematics Education, 7(3), 147-155.
https://doi.org/10.15294/ujme.v7i3.25025

Permani, K. D., & Prabawanto, S. (2019). Analysis of Students * Mathematical Critical
Thinking Based on Gender in the Topic of Linear Programming. The 2nd
International Conference on Elementary Education Volume 2 Nomor 1, ISBN 978-
623-7776-07-9, 2, 1882-1890.

Pertiwi, N. P., Saputro, S., Yamtinah, S., & Kamari, A. (2019). Enhancing Critical
Thinking Skills Through Stem Problem-Based Contextual Learning: An Integrated E-
Module Education Website With Virtual Experiments. Journal of Baltic Science
Education, 24(4), 739-766. https://doi.org/https://doi.org/10.33225/jbse/24.23.739

Rahmi, Y. L., Alberida, H., & Astuti, M. Y. (2019). Enhancing students’ critical thinking
skills through inquiry-based learning model. Journal of Physics: Conference Series,
1317(1), 0-6. https://doi.org/10.1088/1742-6596/1317/1/012193

Rich, J. M. (1985). John Dewey’s Contribution to School Discipline. The Clearing House:
A Journal of Educational Strategies, Issues and Ideas, 59(4), 155-157.
https://doi.org/10.1080/00098655.1985.9955629

Richard I. Arends. (2008). Learning To Teach. Pustaka Pelajar, Yogyakarta.

Rodzalan, S. A., & Saat, M. M. (2015). The Perception of Critical Thinking and Problem
Solving Skill among Malaysian Undergraduate Students. Procedia - Social and
Behavioral Sciences, 172(2012), 725-732.
https://doi.org/10.1016/j.sbspro.2015.01.425

Rosidin, U., Kadaritna, N., & Hasnunidah, N. (2019). Can argument-driven inquiry models
have impact on critical thinking skills for students with differentpersonality types?
Cakrawala Pendidikan, 38(3), 511-526. https://doi.org/10.21831/cp.v38i3.24725

Rudd, R., Baker, M., & Hoover, T. (2000). Undergraduate Agriculture Student Learning

229
Universitas Negeri Semarang ©2024 Universitas Islam Negeri Walisongo

Email: budiw@mail.unnes.ac.id ISSN: 2088-7868, e-ISSN 2502-5708




Rina Dwi S, Stefanus Budi Waluya, Isnarto, Putriaji H/ Phenomenon Vol. 13, No. 2, Oktober 2024

Styles and Critical Thinking Abilities: Is There A Relationship? Journal of
Agricultural Education, 41(3), 2-12. https://doi.org/10.5032/jae.2000.03002

Rusmini, R., Suyono, S., & Agustini, R. (2021). Development of Critical Thinking Skills
and Argumentation Skills Assessment Instruments Towards 21st-Century Skills
Based on Non-Routine Problems. Advances in Engineering Research, 209(ljcse),
382-389.

Sabur, F., Kona, M., & Suprapto, Y. (2023). Inquiry-Based Learning on Students’ Critical
Thinking Skills at Aviation VVocational College. Journal of Innovation in Educational
and Cultural Research, 4(4), 580-586. https://doi.org/10.46843/jiecr.v4i4.791

Sari, V. T. A., & Nurfauziah, P. (2019). Effect of knisley’s mathematical model on gender’s
mathematical critical thinking ability. Journal of Physics: Conference Series, 1315(1).
https://doi.org/10.1088/1742-6596/1315/1/012058

Scali, F., & Derirhan, G. (2011). Comparison of Critical Thinking Skills of Students In
Physical Education Teacher Education, Coaching and Recreation Programs. 372—
385. http://efdergi.hacettepe.edu.tr/shw_artcl-707.html

Shubina, I., & Kulakli, A. (2019). Critical Thinking , Creativity and Gender Differences
for Knowledge Generation in Education Critical Thinking , Creativity and Gender
Differences for Knowledge Generation in Education. Literacy Information and
Computer Education Journal (LICEJ), 10(2).
https://doi.org/10.20533/licej.2040.2589.2019.0405

Subagiyo, L., Riani, S. A., & Hakim, A. (2023). Exploring Students’ Critical Thinking
Skills with A Problem-based Learning Model Assisted by Animated Video in Static
Fluid Learning. Berkala Illmiah  Pendidikan  Fisika, 11(2), 218.
https://doi.org/10.20527/bipf.v11i2.15815

Sugiyono. (2019). Metode Penelitian Kuantitatif, Kualitatif, dan R&D. Alfabeta.

Syahrial, S., Asrial, A., Kurniawan, D. A., & Pratama, R. A. (2019). Towards improving
the critical thinking skills of pre-service teachers in Indonesia. Journal of Education
and Learning (EduLearn), 13(4), 575-582.
https://doi.org/10.11591/edulearn.v13i4.13613

Tanudjaya, C. P., & Doorman, M. (2020). Examining higher order thinking in Indonesian
lower secondary mathematics classrooms. Journal on Mathematics Education, 11(2),
277-300. https://doi.org/10.22342/jme.11.2.11000.277-300

Thadea, O. S. A, Putra, S. T., & Putra, I. G. N. G. S. (2018). The Relationship Between
Galen’s Personality Type Theory and Emotional Intelligence Level. Biomolecular and
Health Science Journal, 1(2), 80. https://doi.org/10.20473/bhsj.v1i2.9579

Trilling, B., & Fadel, C. (2009). Bernie Trilling, Charles Fadel-21st Century Skills_
Learning for Life in Our Times -Jossey-Bass (2009). Journal of Sustainable

230
Universitas Negeri Semarang ©2024 Universitas Islam Negeri Walisongo

Email: budiw@mail.unnes.ac.id ISSN: 2088-7868, e-ISSN 2502-5708




Rina Dwi S, Stefanus Budi Waluya, Isnarto, Putriaji H/ Phenomenon Vol. 13, No. 2, Oktober 2024

Development Education and Research, 2(1), 243.

Wahyudi, Verawati, N. N. S. P., Ayub, S., & Prayogi, S. (2019). The effect of scientific
creativity in inquiry learning to promote critical thinking ability of prospective
teachers. International Journal of Emerging Technologies in Learning, 14(14), 122—
131. https://doi.org/10.3991/ijet.v14i14.9532

Wale, B. D., & Bishaw, K. S. (2020). Effects of using inquiry-based learning on EFL
students’ critical thinking skills. Asian-Pacific Journal of Second and Foreign
Language Education, 5(1). https://doi.org/10.1186/s40862-020-00090-2

Wiono, W. J., Siregar, Y. S., Keguruan, F., & Lampung, U. (2024). The Effectiveness of
Problem-Based Learning in Ecosystem Content on Critical Thinking Skills Reviewed
from Students' Metacognitive Awareness. Phenomenon : Jurnal Pendidikan MIPA
4(1), 85-102. https://doi.org/10.21580/phen.2024.14.1.22440

Yousefi, S. (2016). Critical Thinking and Reading Comprehension among Postgraduate
Students : The Case of Gender and Language Proficiency Level. 7(4), 802-807.
https://doi.org/DOI: http://dx.doi.org/10.17507/jltr.0704.23

Zabit, M. N. M. (2010). Problem-Based Learning On Students Critical Thinking Skills In
Teaching Business Education In Malaysia: A Literature Review. American Journal of
Business Education (AJBE), 3(6), 19-32. https://doi.org/10.19030/ajbe.v3i6.436

Zare, P., & Othman, M. (2015). Students’ perceptions toward using classroom debate to
develop critical thinking and oral communication ability. Asian Social Science, 11(9),
158-170. https://doi.org/10.5539/ass.v11n9p158

Zuniari, N. 1., Ridlo, Z. R., Wahyuni, S., Ulfa, E. M., & Dharmawan, M. K. S. (2022). The
Effectiveness of Implementation Learning Media Based on Augmented Reality in
Elementary School in Improving Critical Thinking Skills in Solar System Course.
Journal of Physics: Conference Series, 2392(1). https://doi.org/10.1088/1742-
6596/2392/1/012010

231
Universitas Negeri Semarang ©2024 Universitas Islam Negeri Walisongo

Email: budiw@mail.unnes.ac.id ISSN: 2088-7868, e-ISSN 2502-5708



https://doi.org/10.21580/phen.2024.14.1.22440

