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Abstract

Scientific actions related to facts and everyday problems are needed in the
biology learning process to train students' thinking skills. Thinking skills are
useful for facing the challenges of education and technological developments in
the 21st century. However, these conditions are not optimal, especially critical
thinking skills for different academic abilities. The purpose of this study was to
determine the effect of the PBL model on different academic abilities on the
critical thinking of class XI students on the coordination system material. This
quasi-experimental research was conducted on students of class XI IPA 1 at
SMAN 10 Banjarmasin and class XI IPA 3 at SMAN 12 Banjarmasin. The sample
of the upper academic ability is 26 students, and the lower academic ability is
28 students. The instrument used is an essay through pretest and posttest in
the experimental class and control class. Data were analyzed using Anacova
after the data fulfilled the normality and homogeneity tests. The results of the
analysis show that there is an influence of the PBL learning model on critical
thinking in students of different academic abilities, where the class F value is
91.84 with a p value of 0.000 or less than 0.05. The academic F score is 8.26
with a p value of 0.006 or less than 0.05. This learning model can be a solution
to produce graduates who are competent in critical thinking.

Abstrak

Tindakan-tindakan ilmiah yang berkaitan dengan fakta dan masalah sehari-
hari diperlukan dalam proses belajar biologi untuk melatihkan kemempuan
berpikir siswa. Keterampilan berpikir berguna untuk menghadapi tantangan
pendidikan dan perkembangan teknologi abad 21. Namun kondisi ini belum
maksimal terutama keterampilan berpikir kritis pada kemampuan akademik
berbeda. Tujuan penelitian ini yaitu mengetahui pengaruh model PBL pada
kemampuan akademik berbeda terhadap berpikir kritis siswa kelas XI pada
materi sistem koordinasi. Penelitian quasi eksperimen ini dilaksanakan pada
siswa kelas XI IPA 1 SMAN 10 Banjarmasin dan kelas XI IPA 3 SMAN 12
Banjarmasin. Sampel kemampuan akademik atas berjumlah 26 siswa, dan
akademik bawah 28 siswa. Instrumen yang digunakan berupa essay melalui
pretest dan postest pada kelas eksperimen dan kelas kontrol. Data dianalisis
menggunakan Anacova setelah data memenuhi uji normalitas dan
homogenitas. Hasil analisis menunjukkan bahwa terdapat pengaruh model
pembelajaran PBL terhadap berpikir kritis pada siswa kemampuan akademik
yang berbeda, dimana nilai F hitung kelas sebesar 91,84 dengan nilai p 0,000
atau kurang dari 0,05. Nilai F hitung akademik sebesar 8,26 dengan nilai p
0,006 atau kurang dari 0,05. Model pembelajaran ini bisa menjadi solusi untuk
menghasilkan lulusan pendidikan yang kompeten dalam berpikir kritis.
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A. Introduction

The 21st century skills globally fall into four
categories: (a) ways of thinking: creativity and
innovation, critical thinking, problem solving,
decision making, and learning to learn; (b) ways of
working: communicate and cooperate; (c) tools for
work: general knowledge and skills of information
and communication technology; (d) way of living:
career, personal and social responsibility, including
cultural awareness and competency (Binkley et al.,
2012; Prayogi, 2019).

Critical thinking is one skill that students
must possess (Kustiani et al.,, 2020; Susanti et al,,
2022; Musliha et al., 2022). Critical thinking is one
of the abilities that can be developed through
problem solving learning process (Birgili, 2015).
Critical thinking 1is the ability to assess
circumstances on the basis of facts and evidence in
order to reach a conclusion. It is also the ability to
generate and explain arguments based on gathered
data into a complex decision or idea (Desi, 2019).

The ability to think critically is one of the
factors that contribute to successful learning (Von
Colln-Appling & Giuliano, 2017). Critical thinking is
a characteristic of smart people. Elvianasti et al.
(2021) defined critical thinking as an active,
continuous, and thorough consideration of a belief
or form of knowledge that is taken for granted by
including supporting reasons and rational
conclusions.

Students with good academic ability will be
more competent to construct ideas and solve
problems logically (Karbalaei, 2012; Mahanal et al.,
2019). Besides, academic ability is associated with
the effect of intelligence, which is an important
element in the development of students' critical
thinking (Karagol & Bekmezci, 2015; Mahanal et al.,
2019; Ren et al, 2020). Students with high
academic ability have better prior knowledge than
students with lower academic ability (Manahal et
al,, 2019). This opinion showed that educators are
required to be aware of the shift from traditional
learning approaches to digital approaches that are
deemed to be more relevant to addressing
students' needs. The transition process from the
traditional way to the digital way has various
patterns depending on how educators and
educational institutions respond and adapt. This is
believed to be able to balance students' academic
abilities.

Based on the results of interviews with Class
XI SMA teachers in Banjarmasin, teachers continue
to employ conventional learning models, which
contribute to students' lack of critical thinking
skills. Teachers still apply learning theoretically,
using solely reference books as evidence. In

addition, they have never measured students'
critical thinking abilities in different academic
fields. As is well known, learning biology is a
process that applies facts and problems associated
with students' daily lives.

Research results by Wulandari & Surjono
(2013) the use of the PBL learning model is a
solution for developing students' critical thinking
skills in biology learning. Anazifa & Djukri (2017)
also found the same results. The PBL learning affect
student’s critical thinking. In line with Trianto
(2014), problem-based learning was developed
primarily to help students develop thinking skills,
problem-solving skills, and intellectual skills learn
about various adult roles by involving themselves
in real or simulated experiences, and become
autonomous and independent learners.

Problem-based learning, namely (1)
encouraging cooperation in completing
assignments, (2) having elements of apprenticeship
learning that can encourage observation and
dialogue with others so that students can gradually
understand the important roles of mental activity
and learning that occur outside of school, (3)
involving students in self-chosen investigations,
and (4) helping students become independent and
autonomous learners (Boleng & Maasawet, 2019;
Widana & Diartiani, 2021).

Hence, PBL can be defined as progressive
active learning and an unstructured problem-
centered learning approach used as a starting point
in the learning process (Rahmadani, 2020). The
learning using PBL employs multiple types of
intelligence required to face real-world challenges,
such as the ability to deal with new and emerging
problems (Sari, 2018).

Based on the identified issue, carrying out
research related to critical thinking by
differentiating the academic abilities of class X
students, especially in the concept of coordination
systems, has never been done at the high school
level in Banjarmasin. On the basis of this
explanation, the formulation of the research
objective is to determine the effect of the PBL
learning model on different academic abilities on
the critical thinking of class XI students in the
coordination system material.

B. Material and Method

This study employed a quasi-experimental research,
with a non-equivalent pretest-posttest control
group design. The research was conducted at SMAN.
The research population consisted of 89 students
enrolled in class XI of SMAN 10 and class XI IPS of
SMAN 12. The sample was determined through the
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equivalence test based on the previous semester's
student report cards. Then, a sample of academic
ability in both the control and experimental classes
was determined, taking into account the academic
ability of the upper 26 students, the
middle/moderate 35 students, and the lower 28
students. Although the middle academic ability
students continue to follow the learning, data from
pretest and posttest results were centered on
upper and lower academic abilities. Then, the
normality and homogeneity tests were done to
continue testing the hypothesis with Anacova. The
experimental class in class XI IPA 1 SMAN 12
Banjarmasin was facilitated with PBL while the
control class in class XI [PA 3 SMAN 10
Banjarmasin used conventional learning, namely
learning with lectures and group discussions.

The data on critical thinking abilities was
collected by administering a pretest and posttest in
the form of a 10-item essay. The essay assessment
referred to the Authentic Assessment rubric
developed by Hart (1994), with a score range for
each item ranging from 0-4. Then, the final score
was converted into a score of 0-100. The values of
the pretest and posttest results of the converted
critical thinking skills were descriptively presented
in the form of a bar chart to distinguish the two

treatments given and the students’ academic
abilities. Hypothesis testing was carried out using
covariance analysis (Anacova) at a significance
level of 0.5%. However, previously, the normality
test was carried out with the one-sample
Kolmogorov-Smirnov test and the homogeneity
test was carried out using Levene's Test of Equality
of Error Variances.

C. Results and Discussion

Based on the results of the analysis that has been
carried out to determine the effect of the PBL
learning model on students with upper and lower
academic abilities on the concept of coordination
systems, the obtained information is that there are
differences in critical thinking skills. The results of
the analysis previously carried out were the
normality test and (2) the variance homogeneity
test. The normality test used the Kolmogrov-
Smirnov One-Sample test with a significance result
of 0.083, and the results showed that the data was
normally distributed. Furthermore, the
homogeneity test using Levene's Test of Equality of
Error test obtained an analysis result of 0.065,
which indicated that the variance between the data
was homogeneous.
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Figure 1
Bar Chart of Average Pretest and Posttest Scores of Critical Thinking Based on Learning and Academic Abilities

Critical thinking skills in this study were
measured before and after the implementation of
the designed learning strategy. Data between one
another in the form of average values and
percentages can be seen in Figure 1.

Based on Figure 1, the average student's
critical thinking is good in classes facilitated by
conventional learning and PBL learning. Students

who were facilitated with PBL learning had higher
average critical thinking than students who were
facilitated with conventional learning. Upon further
examination, this also has an effect on students
with different academic abilities. This is evidenced
by a 51.63 percent increase in the average critical
thinking of low academic ability students. These
findings add to information from previous studies
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such as Ramdiah et al. (2018a); Ramdiah et al.
(2018Db); Astriani et al. (2021); Saraya & Mayasari
(2017); Janah & Mayasari (2019), Ramdiah &
Febrianti (2017) using the same Authentic
Assessment rubric as this study. By utilizing the
PBL learning model, the results of this study
provide more in-depth information than prior
information because it distinguished between the
critical thinking abilities of high and low academic
students on the concept of coordination systems at
the high school level.

Based on the data from the hypothesis test
results, it was determined that the PBL model had
an effect on students' critical thinking at both the
upper and lower levels of academic ability. The
hypothesis test results of this research using
Anacova can be seen in Table 1.

Based on the results of the Anacova
calculations Table 1, information regarding the
effect of the PBL learning model on critical thinking
in students with different abilities was obtained.
The data showed that the class count F value is
91.84 with a p value of 0.000 or less than 0.05,
indicating that PBL learning has an effect on
students' critical thinking. The academic F-count
score is 8.26 with a p-value of 0.006 or less than
0.05. This reveals that there are differences in
students' critical thinking in both upper and lower
academic abilities. The results of the analysis of
class and academic interactions also show an F
count of 5.00 with a p value of 0.030 or less than
0.05. This result showed that there are differences
in the critical thinking of upper and lower academic
students in the implementation of PBL learning.

Table 1 Summary of Anacova test results on the effect of the PBL model on different academic abilitieson
critical thinking ability of class XI students on coordination system material

Source Type III Sum of Squares df Mean Square F Sig.
Corrected Model 7407.6802 4 1851.92 28.67 0.000
Intercept 1747.460 1 1747.46 27.06 0.000
Pretest 5.187 1 5.19 0.080 0.778
Class 5932.311 1 5932.31 91.84 0.000
Academic 533.269 1 533.27 8.26 0.006
Class* Academic 322.948 1 322.95 5.00 0.030
Error 3164.787 49 64.59
Total 215614.250 54
Corrected Total 10572.468 53

It is interpreted that the implementation of
the PBL learning model contributes to upper and
lower academic abilities students in improving
their critical thinking skills on the concept of
coordination systems in class XI IPA 1 SMAN 12
Banjarmasin. This is in line with the research
results of Ramdiah et al. (2018b); Ramdiah &
Febrianti (2017); Ramdiah et al. (2018a); Astriani
etal. (2021); Saraya & Mayasari (2017); Mahdalena
& Mayasari (2019); Janah & Mayasari (2019).
Biological topics can be comprehended through the
use of critical thinking skills when biology is taught
in accordance with the characteristics of PBL and
the procedures involved. Furthermore, the
implementation of PBL in this study can be an
alternative that can be applied to biology subjects,
especially the concept of a coordination system that
requires problem solving.

In addition to this, this implementation
iscarried out on the basis of the implementation of
the PBL model, with both the teacher as a facilitator
and the students as learners. This is in line with
Kurt's explanation (2020) that in implementing
PBL, the role of teaching shifts from a more
traditional model that follows a linear and
sequential pattern in which the teacher presents
relevant material. In addition, the teacher conveys

details about a concept. This is different when the
PBL model is used, where the teacher acts as a
facilitator and learning is driven by students with
the aim of solving a given problem.

The implementation of the PBL model also
affords students an opportunity to train their ways
of thinking, presumably due to the learning steps
taken. Based on the results of the analysis
presented before, it is evident that the PBL model
facilitates an increase in both upper and lower
academic abilities among pupils. This situation
illustrates that during the implementation of PBL
learning students demonstrate critical thinking
skills in various problem-solving actions, from
conceptualizing, synthesizing, evaluating, reflecting,
and communicating the findings. According to
Lismaya (2019), critical thinking is an intellectual
process that involves conceptualizing, applying,
synthesizing, and evaluating information obtained
from observation, interpretation, reflection,
reasoning, or communication as a basis for
believing and taking action. Furthermore,
according to Facione (2015), critical thinking is
thinking that has the goal of proving a case,
interpreting what happened, and solving problems.
This is corroborated by Suatini (2019), who stated
that critical thinking has a meaning, namely the
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power of thinking that must be built in oneself so
that it can become a character or personality that is
imprinted in one's life, so that one is able to solve
all problems.

The PBL model is relatively effective and
consistent in general, demonstrating excellence in
knowledge application and long-term retention. It
was further explained that although it could not be
concluded which PBL component was the most
significant in influencing learning, it was
emphasized that all PBL steps were needed to
influence student learning outcomes Yew & Goh
(2016). This certainly has an effect on students’
critical thinking skills in solving problems. These
findings are in line with research on the
implementation of PBL in learning where students
independently in groups find and solve problems,
check the truth to evaluate them (Dakabesi &
Luoise, 2019; Saiful et al., 2020; Belwal et al., 2020;
Pérez-Sanchez & Ldépez-Jiménez, 2020; Chanpet et
al,, 2020; Salybekova et al., 2021; Prastitasari et al.,
2022).

D. Conclusion
The calculated class F value based on the results of
the data analysis is 91.84 with a p value of 0.000.

The academic F score is 8.26 with a p value of 0.006.

The results of the analysis of class and academic
interactions also showed an F count of 5.00 with a
p value of 0.030. This showed that the PBL learning
model affects students' critical thinking skills in
different academic abilities in class XI students on
the coordination system material. This learning
model can be a solution to produce graduates who
are competent in critical thinking.
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