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Abstract
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Revised: January 07,2021  to critical thinking skills and conceptual understanding in mechanical

Accepted: February 13,2021 wave material. This type of research is a Pre-experimental research design
with One Group Pretest-Posttest Design. The study population was all
students of group 11th grade students in one of senior high school in
Mataram with a sampling technique using purposive sampling. The
research sample was students in all three groupses that were used as
experimental groupses which were given treatment in the form of learning
using the cognitive conflict approach. Instrument for critical thinking skills
using student worksheet and description test. While the data of conceptual
understanding was obtained by multiple choice test. Hypothesis testing in
this research is a paired t-test and MANOVA test. The results of the
hypothesis test give the conclusion that there is an effect of the cognitive
conflict approach to critical thinking skills and conceptual understanding
in mechanical wave students in the three experimental groupses. The effect
in question is an increase in students' critical thinking skills from pretest to
posttest.
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INTRODUCTION

Learning science not only learns several theories and principles but also must
analyze how to obtain facts and principles. Science does not only consist of a collection
that is isolated from one another but systematically organized collection of knowledge
(Hidayatullah, Makhrus, & Gunada, 2018). Science can be seen as a process, product, and
scientific attitude. Science as a product takes the form of concepts, principles, theories,
and laws. Science as a process is seen as a scientific method and as an attitude that is
honest, open, objective, and critical (Makhrus & Hadiprayitno, 2012). Generally, students
feel learning physics difficult because most of them has not been able to connect the
concepts learned with their initial knowledge (preconception). Learners assume that what
they learn has no meaning because it is not related to past events or those in their
immediate surroundings. This problem will bring the mindset of students on learning that
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is very monotonous. Learning that is carried out only emphasizes students to have limited
ability to answer questions. This problem will have an impact on low of conceptual
understanding. Conceptual understanding is a change achieved by someone after
experiencing a learning process in the form of changes in behavior, attitudes, and
knowledge. Conceptual understanding is an important part of the learning process and
solving problems, both in the learning process itself and in the everyday environment.
Conceptual understanding becomes the basis for thinking in solving various problems
(Irwandani & Rofiah, 2015).

On the other side, along with the development of technology and information, the
world of education also began to experience development. This 21st-century education
requires a high level of skills. Four skills must be possessed by students following 21st-
century learning which is commonly abbreviated as "4C", namely critical thinking and
problem-solving, creativity and innovation, communication, and collaboration
(collaboration). Based on this, critical thinking is one of the main focuses of 21st-century
learning. Critical thinking ability is one of the abilities expected to exist in students
following the demands of 21st-century learning (Nawawi, 2017). Students should be
equipped with critical thinking skills which are indispensable to compete in 21st century
life. Since people easily access to any information through the internet, critical
thinking skills make people good decision makers (Abdurrahman, Setyaningsih, &
Jalmo, 2019). The exercises conducted by students influence critical thinking skills and
critical thinking each student is different from one another (Fakhriyah, 2014). These
critical thinking skills are not innate but appear when trained or applied through the
learning process (Nurazizah, Sinaga, & Jauhari, 2017). Critical thinking is not just about
acquiring knowledge or processing skills. Critical thinking is related to the development
and analysis of abilities on an ongoing basis. Critical thinking skills are needed to solve
problems in real life (Walsh, Quinn, Wieman, & Holmes, 2019).

The thinking skills students is still relatively low, especially the critical thinking
skills. This is because critical thinking skills are rarely trained (Wulandari & Nurhayati,
2018). Critical thinking skill is the skills of students to obtain detailed information so that
truth is found on the information conveyed and produce conclusions objectively. Critical
thinking is thinking that makes sense and is reflective of determining what decisions to
believe or do (Gurcay & Ferah, 2018; Kalelioglu & Giilbahar, 2014). Critical thinking is
more than just the acquisition of knowledge or a collection of processing skills, but rather
it is the continuous development and analysis of abilities (Arend, 2009). The critical
thinking area of strategies and tactics includes essential skills needed to solve
problems (Carvalho, Fiuza, Conboy, Fonseca, Santos, Gama, & Salema, 2015). Critical
thinking allows a person to assess statements, problems, provide facts, and consider
various possibilities for making decisions (Danday & Monterola, 2019).

Furthermore, improvements in learning activities need to be done so that critical
thinking skills and conceptual understanding can be improved. The cognitive conflict
approach is one solution to improve learning activities. Learning with the cognitive
conflict allows students to express their conceptions and criticize learning that is different
from their conceptions (Hidayatullah, Jumadi, Nadhiroh, Kartika, Nuha, & Erlangga,
2020). Presentation of cognitive conflict results in students begin to compare their
knowledge and experiences with the problems or knowledge conveyed by the instructor
(Makhrus, 2018). Cognitive conflict is a situation in learning that makes students feel that
there is information that is contradictory to their concept, so that they are interested in
solving these problems to create appropriate new concepts (Chow & Treagust, 2013).
This results in students have less confidence in the truth of the preconceptions they have,
and in the end, it acknowledges an anomalous situation of the problem or knowledge
conveyed by the instructor with the conception possessed. Based on these problems, the
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purpose of this study was to train and improve critical thinking skills and conceptual
understanding using a cognitive conflict approach. Critical thinking in this study is based
on five indicators: basic clarification, basic decisions, inference, explanation, reasoning
and integration. Meanwhile, conceptual understanding modified from the bloom
taxonomy (C1 to C6: knowledge, comprehension, application, analysis, synthesis, and
evaluation). Learning activities were conducted by student worksheets equipped with
critical thinking tests. The aim was to practice critical thinking skills and provided
assistance so that students' preconceptions can be assimilated and accommodated in the
formation of new knowledge

METHODS

The type of research used is pre-experimental with pretest-posttest group design.
This type of research is not yet a real experiment because there are still external variables
that influence the formation of the dependent variable, not solely influenced by the
independent variable (Sugiyono, 2017). The research design used is group pretest-posttest
design (see Table 1). The independent variable in this study is the cognitive conflict
approach, while the dependent variable is critical thinking and conceptual understanding.
This research instrument was in the form of a critical thinking description test with five
indicators of critical thinking from Robert H. Ennis and a multiple-choice test according
to the bloom taxonomy for conceptual understanding. The selected material was
mechanical waves since this material has many misconceptions and brings students' low
understanding of the material.

Table 1. Research Design
Groups Type Pretest Treatment Posttest
3 experimental groups 0. X 02
(Sugiyono, 2017)

The population in this study was all students of groups 11" grade students in one
of senior high school in Mataram. The total number of students in groups was 257
students divided into 6 groups. The samples of this study were students in three groups as
the experimental groups. Samples were selected using a purposive sampling technique.
Hypothesis testing in this study uses paired sample t-test and Manova test with SPSS 23.

RESULTS & DISCUSSION
Results

The results of data analysis showed that there were differences in scores between
pretest and posttest on critical thinking skills and conceptual understanding in mechanical

wave of students in each experimental group since in each experimental groups the value
of sig is obtained. (2-tailed) <0.05 according to Table 2 and Table 3.
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Table 2. Descriptive statistics

. Std.
Skill Groups Mean Deviation N
Critical Thinking Cognitive Conflict 1 60.39 12.70 38
Skills Cognitive Conflict 2 53.24 13.70 34
Cognitive Conflict 3 65.28 14.85 35
Total 59.72 14.47 107
Conceptual Cognitive Conflict 1 55.96 11.66 38
Understanding Cognitive Conflict 2 49.61 8.24 34
Cognitive Conflict 3 51.24 9.80 35
Total 52.40 10.34 107
Table 3. Analysis Results of the Critical Thinking Skills and Conceptual
Understanding by Paired T-Test
Average Score Sig. (2-
Test Type Groups Pretest Posttest df tailed)
. I Experiment 1 2421 60.39 37 0.00
g&'i}'lca' Thinking & periment 2 25,88 53.24 33 0.00
Experiment 3 21.00 65.29 34 0.00
Conceptual Exper!ment 1 25.09 55.96 37 0.00
Understanding Exper!ment 2 26.67 49.61 33 0.00
Experiment 3 32.19 51.24 34 0.00

Based on the above table, it was found that the average posttest score is greater
than the average pretest score on the application of the cognitive conflict approach in
each experimental group. Learning with a cognitive conflict approach can confront
students' thinking so that their thinking skills are trained and able to make students
understand the concept through a process of demonstration or experiment, they do. The
MANOVA test was used to determine whether or not there was an influence of the
application of the cognitive conflict approach to critical thinking skills and conceptual
understanding in mechanical waves of students at three experimental groups.
Homogeneity test of variance/covariance matrix using the Box’s M test which is a
requirement before the MANOVA test shows a significant value, so that the MANOVA
test can be continued (Table 3).

Table 3. Test Homogeneity matrix variance-covariance
Box's M F dfl df2 Sig.
6.978 1.131 6 254615.341 0.341

From the results, the Box's M value was 6.978 with a significance of 0.341.
Therefore, it can be concluded that the variance-covariance Matrix is homogeneous and
the Manova test can be continued. The MANOVA test uses the Pillae Trace test, Wilk
Lambda, Hotelling Trace, Roy's Largest Root which can be seen in Table 4.

Table 4. Multivariate Test

Effect Sig.

Pillai's Trace 0.001
Wilks' Lambda 0.001
Hotelling's Trace 0.001
Roy's Largest Root 0.002
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From the results of the Pillae Trace, Wilk Lambda, Hotelling Trace test, which
can be seen in table 4, it was found a significance of 0.001 in each test and the Roy's
Largest Root test a significance of 0.002. If a significance of 0.05 is used, it can be
concluded that there is an influence of the application of the cognitive conflict approach
to critical thinking skills and conceptual understanding of students in all three
experimental groupses.

Discussion

The role of the cognitive conflict approach in enhancing critical thinking skills
and conceptual understanding is obtained through paired t-test, but previously
prerequisite tests were conducted relating to normality tests and homogeneity tests on
critical thinking skills and conceptual understanding. Normality and homogeneity tests
were performed on the results of the pretest and posttest. Based on the results of
homogeneity and normality tests, it can be concluded that the data of critical thinking
skills and conceptual understanding are included in the homogeneous and normally
distributed categories so that it can be continued for hypothesis testing (paired t-test).

This paired t-test was used to determine differences in mean values before
treatment and after treatment with the cognitive conflict approach. Decision-making
criteria in paired t-test can be done in a way that is: if the value of sig. (2-tailed) is smaller
than 0.05, then H, is accepted (there is a difference in the average score of the posttest
and pretest with the application of the cognitive conflict approach) and Hy is rejected. The
average pretest score of students in each experimental group for critical thinking skills is
still relatively low. The average value of students' critical thinking skills in the groups’
experiment 1 was 24.21, the groups’ experiment 2 was 25.88, and the groups’ experiment
3 was 21.00. Learning with the cognitive conflict approach can improve students' critical
thinking skills. This can be seen based on the increased posttest results (posttest scores
are greater than pretest scores). This is following previous research which states that the
cognitive conflict approach in learning physics can foster critical thinking skills
(Setyowati, Subali, & Mosik, 2011). The emergence of cognitive conflicts through
problem giving and predicting answers are important points in the application of CCM
because with this, educators can find out the right experimental solutions to be able to
change the wrong conceptions of students. The most important thing in the cognitive
conflict process is to draw attention to the state of contradiction (Kang, Scharmann,
Kang, & Noh, 2010).

Increased critical thinking skills and conceptual understanding are not optimal
because the cognitive conflict approach is included in the new approach applied in those
schools. The increase in value generally occurs in students who experience high cognitive
conflict when learning. High cognitive conflict causes students to experience conceptual
change. This conceptual change can occur after students realize the incompatibility of
their initial knowledge with their scientific concepts through the learning process with the
cognitive conflict approach. High cognitive conflict occurs when students become aware
of anomalous or distorted states after observing demonstrations. The curiosity of students
to look for scientific concepts brings students to determine the solution to the problem, or
even students make it a link between the initial concepts with the newly acquired concept.
Learning with cognitive conflict allows teachers to know the level of cognitive conflict in
their students and allows for a conceptual change in students. This learning makes
students get better understanding of scientific concepts, so they can improve their
thinking ability, especially critical thinking skills. The cognitive conflict has an important
role in the conceptual changes that are formed in students. Cognitive conflicts provide
opportunities for students to criticize the concept and help form appropriate scientific
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concepts (Madu & Oriji, 2015). Cognitive conflict can be created through experimental or
demonstration activities (Sukariasih, 2016). The most important thing in cognitive
conflict is to attract students to participate in solving contradictory problems that have
been prepared by the teacher (Kang, Scharmann, Kang, & Noh, 2010).

The last test used was the MANOVA test to determine the effect of applying the
cognitive conflict approach to critical thinking skills and conceptual understanding
simultaneously. Critical thinking skills of students in this study were measured using a
description test. Conceptual understanding is measured by multiple-choice tests based on
indicators C1 through C6. The initial ability of critical thinking and conceptual
understanding students in all three experimental groups is still relatively low on
mechanical wave materials. It is caused by several factors such as critical thinking skills
are rarely sharpened, students have not been treated with appropriate learning, and the
three experimental groups have not obtained mechanical wave material according to their
level. The knowledge they have is only in the form of basic knowledge about the
understanding of the waves that they obtained in junior high school or that they obtained
from other references and the environment. Student is naturally not a blank paper. S/he
has basic knowledge from the previous education level (Schunk, 2012).

From the results of the Pillae Trace test, Wilk Lambda, Hotelling trace, see Table
4, it can be concluded that there is an effect of applying the cognitive conflict approach to
critical thinking skills and conceptual understanding in mechanical wave. The results of
the pretest are known that the preconceptions (prior knowledge) of students towards a
physics concept are quite varied, namely, there are between three to six kinds of students'
conceptions. This shows that students enter the grouproom not with an empty head (blank
mind), but they already have had a variety of ideas about natural events that are built
through informal learning processes to give meaning to their daily experiences (Schunk,
2012). Learning with this cognitive conflict approach makes students feel there is a
contradiction in their conception with the observed scientific concepts, so there is a
conceptual change that involves the process of assimilation and accommodation. As a
result of these conceptual changes, the thinking ability of students begins to increase
slowly, especially critical thinking skills. Critical thinking does not increase
simultaneously but needs to be practiced continuously (Hidayatullah et al., 2018;
Mundilarto & Ismoyo, 2017)

The successful use of the cognitive conflict approach is because in learning
students look for their knowledge so that it will make students more active in work and
thinking. The cognitive conflict has an important role in the occurrence of conceptual
change. The knowledge that students get cannot be separated from the knowledge that has
been previously obtained (Makhrus, Widodo, & Agustini, 2018). Maintaining the
relationship between old knowledge with knowledge that will be received by students to
form new knowledge is very important. The cognitive conflict approach stimulates
students to active learning. The challenges are given at the beginning of learning, such as
asking students to make reasoning for predictions and estimates to explain the strategies
that will be used in solving problems and they are asked to support their views. Cognitive
conflict can improve conceptual understanding (Baser, 2006). Cognitive conflict
approaches can be used as alternatives in learning because they can improve critical
thinking skills. Students who are aware of the mismatch between scientific concepts and
initial concepts try to solve the problem, thereby it leads in increasing their thinking
ability. Cognitive conflict is a learning situation that makes students feels that their
preconceptions are incompatible with the new knowledge being taught. This brings
students to think further in solving these problems (Chow & Treagust, 2013).
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CONCLUSION

The cognitive conflict approach plays a role in improving students' critical
thinking skills and conceptual understanding of mechanical wave material. This approach
is bridging students' initial concepts with the new concepts being learned. This approach
also gives students the opportunity to criticize or find the truth between the initial concept
and the newly learned concept by conducting experiments, seeing demonstrations, doing
simulations. This approach is suitable for physics material that has many misconceptions
among students. However, this approach requires good preparation in order to create a
process of assimilation and accommodation during learning.
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