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INTRODUCTION

Physics is a science that is closely related to life. However, physics is a science that is considered
difficult because it is famous for its formulas (Cuomo et al., 2022; Nasution, 2019; Rusli, 2011). In
educational and non-educational programs at the faculties of mathematics and natural sciences,
students in the first semester will certainly study primary physics material known as general
physics. All majors in the faculties of mathematics and natural sciences study this general physics
course. The learning that is carried out certainly has a specific model to get maximum results
during the learning process. One learning model that can be used is discussion-based learning.
Discussion learning enables students to solve problems, answer questions, understand
knowledge, and make decisions (Ho et al., 2016; Nugroho, 2021; Yulianti & Sulistyawati, 2021).
This study will use a discussion model of learning for chemistry, mathematics, and biology study
program students. The hope is to increase and influence the level of students' critical thinking
skills in general physics courses.

Ability of critical thinking is one of the learning outcomes for all students in the Faculty of
Mathematics and Natural Science UNESA programming subject General Physics (Jatmiko et al.,
2018; Widodo, 2022). This is stated in the Semester Learning Plan Subject General Physics, namely
that after following subject general physics student must (1) have the ability to think critically
and use appropriate concepts to qualitatively analyze problems and situations related to physics,
(2) have the ability to use concepts of physics and mathematical methods are appropriate for get
solution of quantitative problems in physics, (3) have the ability to collect and analyze data and
compile reports coherent for their abilities, and (4) have the ability to communicate their findings
both verbally and in writing. To achieve learning outcomes the general physics learning design
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is integrated with theoretical lectures and practicum in the laboratory (Kua et al., 2021; Sriadhi et
al., 2022).

In the learning process, chemistry, biology, mathematics, and even physics study programs,
students also experience difficulties. This has become common place in studying physics because
it is considered problematic. On the other hand, some students have a higher level of
understanding than other students. Following what was conveyed by Dewi et al. (2019);
Juwantara (2019); Zagoto et al. (2019), that individual differences certainly have different abilities.
That way, it is no stranger to students who excel in physics courses. Chemistry, biology, and
mathematics study program students also have several individuals who excel in general physics
courses. So, it is crucial to know students' abilities by grouping them based on indicators of critical
thinking.

The ability to think critically is crucial because it is a must-have skill mastered by students in
the 21st century. Thinking critically requires practice and a sure way to be formed. Critical
thinking can be formed by asking, classifying, and actively listening (Bean & Melzer, 2021; Lai,
2011; Polat & Aydin, 2020). The 21st-century skills, known as 6C, consist of critical thinking,
creativity, character citizenship, collaboration, and communication (Evimalinda et al., 2022;
Maneen, 2016; Nganga, 2019). Research conducted by Sulaiman et al. (2018) stated that students'
critical thinking skills were still relatively low because there was a gap between theory and
practice. In addition, research conducted by Aouaf et al. (2023) states that the gap in developing
critical thinking skills is due to a lack of practice and a definite way to develop these abilities. The
thing that can be done is to provide stages in solving problems so that students are directed in
determining patterns of thinking to improve critical thinking skills.

The specific objective of this study was to determine the effect of implementing the
discussion learning model on the level of critical thinking skills of chemistry, mathematics, and
biology study program students. Based on the description above, solutions are offered to improve
students' critical thinking skills, namely the discussion learning model and adding critical
thinking indicators. The critical thinking indicators used in this study refer to Facione (1996),
which consists of interpretation (understanding the meaning of something), inference
(concluding something), analysis (understanding more deeply of information), explanation
(explaining the meaning of one thing), and evaluation (assessing the credibility of the resulting
conclusions). Through these indicators, it is possible to determine the level of students' critical
thinking skills.

RESEARCH METHOD

This study uses a type of pre-experimental research. The research design used is one group
pretest-posttest design. According to Sugiyono (2019), one group pretest-posttest design is a pre-
experimental design consisting of a pretest, treatment, and posttest. The design can be seen in
Figure 1.

0, X 0,
Figure 1. One group pretest-posttest design
(Sugiyono, 2019)
Information:
O1 = Initial observation (pretest)
X = Treatment (using the learning discussion model)
Oz = Final observation (posttest)

The subjects in this study consisted of 3 classes, namely, (1) 35 students from the chemistry
study program, (2) 33 students from the mathematics study program, and (3) 29 students from
the biology study program. The students who are the sample are new students who are
programming general physics courses. The number of research samples is adjusted to the number
of students in each class.
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Then, initial observations were made to determine the level of students' critical thinking
skills before learning. After that, treatment was carried out on students using a discussion
learning model with indicators of critical thinking, according to Facione (1996). After learning, a
second observation will be given to determine whether there are differences in the level of critical
thinking skills before and after using the discussion learning model in general physics learning.

Through the N-gain test, it can be seen the increase in learning outcomes by using the
following equation:

Score posttest — Score pretest

N — gain =
gamn 100 — Score pretest

The results obtained will be interpreted according to the N-gain criteria, as shown in Table

1.
Table 1. Interpretation of value n-gain
N-gain Score Category
g>07 High
03<g=<07 Medium
g<03 Low

(Hake, 1999)

After that, the test results can be interpreted according to the criteria in Table 2 to find out
students' critical thinking skills.

Table 2. Criteria for critical thinking skills

Critical Thinking Score Category
81,25 <x <100 Very critical
62,50 < g <81,25 Critical
43,75 <x < 62,50 Less critical
25,00 < x <43,75 Very less critical

(Setyowati & Subali, 2011)

RESULTS AND DISCUSSION
Improvement of Students' Critical Thinking Skills Based on N-gain
Critical thinking skills are no longer an option to be mastered but have become a requirement for
students in the 21st century (Ahonen & Kinnunen, 2015; Malik, 2018; Soulé & Warrick, 2015).
Critical thinking skills in chemistry, biology, and mathematics study programs in general physics
courses can be identified after conducting tests and treatments on students. The results are shown
in Table 3.

Table 3. The n-gain values

N csp BSP MSP
© Pretest Posttest N-gain  Pretest  Posttest N-gain  Pretest  Posttest N-gain
1 16.67 60.00 0.43 22.22 93.33 0.71* 27.78 80.00 0.52
2 11.11 46.67 0.34 22.22 73.33 0.51 27.78 73.33 0.45
3 33.33 100.00 0.66* 16.67 66.67 0.50 22.22 100.00 0.78
4 38.89 80.00 0.41 5.56 40.00 0.34 27.78 86.67 0.59
5 16.67 53.33 0.37 22.22 60.00 0.38 16.67 66.67 0.50
6 11.11 46.67 0.35 11.11 46.67 0.35 11.11 46.67 0.35
7 16.67 53.33 0.37 11.11 46.67 0.35 22.22 73.33 0.51
8 27.78 60.00 0.32 33.33 93.33 0.60 16.67 66.67 0.50
9 11.11 53.33 0.42 22.22 66.67 0.44 22.22 100.00 0.78*
10 16.67 46.67 0.30 27.78 93.33 0.65 27.78 100.00 0.72
11 22.22 66.67 0.44 16.67 60.00 0.43 22.22 93.33 0.71
12 22.22 66.67 0.44 11.11 46.67 0.35 11.11 46.67 0.35
13 33.33 73.33 0.40 11.11 60.00 0.49 11.11 46.67 0.35
14 11.11 53.33 0.42 16.67 66.67 0.50 22.22 60.00 0.38
15 27.78 66.67 0.39 11.11 53.33 0.42 44.44 100.00 0.55
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16 11.11 46.67 0.35 16.67 73.33 0.57 11.11 60.00 0.49
17 22.22 66.67 0.44 2222 60.00 0.38 11.11 80.00 0.69
18 5.56 40.00 0.34 11.11 46.67 0.35 5.56 46.67 0.41
19 33.33 73.33 0.40 2222 66.67 0.44 5.56 53.33 0.48
20 2222 60.00 0.38 2222 60.00 0.38 11.11 46.67 0.35
21 33.33 73.33 0.40 16.67 66.67 0.50 16.67 66.67 0.50
22 16.67 53.33 0.37 5.56 40.00 0.34 5.56 53.33 0.48
23 22.22 73.33 0.51 11.11 40.00 0.29 16.67 73.33 0.57
24 0.00 33.33 0.33 11.11 53.33 0.42 16.67 86.67 0.70
25 5.56 40.00 0.34 11.11 53.33 0.42 5.56 40.00 0.34
26 11.11 46.67 0.35 16.67 60.00 0.43 2222 73.33 0.51
27 27.78 93.33 0.65 16.67 60.00 0.43 2222 60.00 0.38
28 5.56 40.00 0.34 16.67 53.33 0.37 5.56 40.00 0.34
29 11.11 60.00 0.49 5.56 40.00 0.34 11.11 80.00 0.69
30 16.67 53.33 0.37 - - - 16.67 66.67 0.50
31 27.78 73.33 0.45 - - - 16.67 80.00 0.63
32 2222 60.00 0.38 - - - 5.56 66.67 0.61
33 16.67 66.67 0.50 - - - 11.11 66.67 0.55
34 27.78 66.67 0.39 - - - - - -

35 11.11 46.67 0.35 - - - - -

*= the highest N-gain, CSP: Chemistry Study Program, BSP: Biology Study Program, MSP:
Mathematics Study Program

Table 3 presents the improvement of students' critical thinking skills based on the N-gain
scores obtained by different means. The highest N-gain scores for chemistry, biology, and
mathematics study programs were 0.6, 0.71, and 0.78, respectively. According to Erina and
Kuswanto (2015); Nismalasari et al. (2016), the N-gain results can determine the increase in
learning outcomes. In this case, the N-gain results can be used to see the increase in critical
thinking skills. To see in more detail, the increase in students based on their categories can be
seen in Table 4.

Table 4. Improved skills by category

Study Program Number of Students  Category
0 High

Chemistry 35 Medium
0 Low
1 High

Biology 27 Medium
1 Low
5 High

Mathematics 28 Medium
0 Low

Table 4 presents the N-gain results based on the number of students in each study program.
All chemistry students fall into the moderate category. Biology study program students who get
low N-gain scores (1 student), medium (27 students), and high (1 student). None of the
mathematics study program students received low n-gains, but there were medium (28 students)
and high (5 students) n-gain scores. To see on average, the increase that occurred in the three
study programs is presented in Table 5.

Table 5. The average increase in pretest, pottest, and n-gain
Average Value Study Program

Data Chemistry  Biology Mathematics
Pretest 19.05 16.09 16.67
Posttest 59.81 60.00 69.09
N-gain 0.41 0.44 0.52
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Table 5 states students' critical thinking skills in terms of test results. In addition, the results
of the N-gain test are used to find out the increase in student learning outcomes (Jatmiko et al.,
2016; Khaldun, 2020; Neftyan et al., 2018). Based on the results of the N-gain test, the most
significant increase occurred in chemistry, biology, and mathematics study program students
with an average score of 0.42, 0.44, and 0.52, respectively, all of which were in the medium
category. If viewed from the value obtained, then the highest increase in critical thinking skills is
the mathematics study program.

Improvement of Critical Thinking Skills Based on Indicators

One way to measure the skills of a person or a group can be seen from the results before and after
the treatment. In this case, critical thinking skills are measured on average from the number of
students taking general physics courses. The measurement of critical thinking skills refers to
indicators from Facione (1996). The results are presented in Table 6.

Table 6. Critical thinking skills students based on indicators

No Indicator Pretest Posttest
CSP BSP MSP CSP BSP MSP
1 Interpretation 30.48 3218 34.34* 63.81 67.82 76.77%
2 Inference 8.57 20.69* 15.15 45.71 60.92* 59.60
3 Analysis 20.00 16.09 23.23* 53.33 60.92 62.63*
4  Explanation 25.71% 16.09 9.09 69.52 58.62 78.79*
5 Evaluation 29.52* 11.49 18.18 66.67 51.72 67.68*
*: highest, CSP: Chemistry Study Program, BSP: Biology Study Program, MSP: Mathematics
Study Program

According to Amalia and Wahyuni (2020), Hartini and Martin (2020), and Rifa (2018),
learning physics to measure interpretation skills can be known, from that matter, asking for
meaning or redefining existing information. Based on Table 6, the skills increased the most before
and after using the model learning discussion. Interpretation indicators for results pretest and
posttest, the highest was obtained from the mathematics study program at 34.34 and 76.77. This
suggests that the skills of mathematics study program students are superior in interpreting the
questions given to the women in general physics courses.

Furthermore, the inference indicators were dominated by biology study program students
with pretest and posttest scores of 20.67 and 60.92, respectively. Inference is a skill by someone
that identifies the information obtained. According to Larkin (2014) and Priyadi et al. (2018),
inference in physics problems can be interpreted when someone can finish the given calculations.
The next indicator is analysis, at this stage students plan a strategy to solve the questions given
based on the skills possessed, such as determining the formula to be used or what equation is
appropriate to solve the problem. Then, the explanation indicators on the pretest results were
dominated by chemistry study program students with an acquisition score of 25.71. At the same
time, the posttest results were dominated by a student mathematics study program with a score
of 78.79. Students can explain and prove the correct answers to the questions are working on.
After that, on the current evaluation indicator pretest, dominated by the chemistry study
program, students with a score of 29.58, whereas on the posttest results, dominated by the
mathematics study program, students a score of 67.68.

In working on the questions, some students take the test regularly, coherently, correctly, and
wrongly. The forms of answers from both are shown in Figure 2.
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Figure 2. Results of student answers on temperature questions

Based on the answers to the questions in Figure 2, you can know that the two students explain
sequentially, starting from being known, being asked, and being answered. In this question,
discussing the material temperature in physics learning. The answers presented show the
difference in the ways answered between the two students. That way, the answers obtained will
also be different. There are differences in students' critical thinking skills from the five indicators
discussed. Based on these results, it can identify critical thinking skills students are less critical,
which is very critical of the results of the tests carried out.

In addition, in the student critical thinking skills test, the physics material tested is not only
in one subchapter, but in accordance with the learning that has been done in general physics
courses. The other forms of questions, namely on electrical material related to series circuits and
parallel circuits, are presented in Figure 3.
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Figure 3. Results of students' answers on electricity questions

Based on the answers in Figure 3, it can be seen that the forms of answers between students
are very different. We can see this from the sequence of work done on answers a and b on the
question. For the correct answer, the student presents calculations as well as proves by calculating
the required results, while for the wrong answer, the student only conveys in writing his opinion
without any support through the written results. This indicates that the skills possessed by
students are definitely different. According to research results from Cahaya and Juandi (2021);

Maguna et al. (2017); Santa et al. (2017); Syarifah and Usodo (2019) systematic and good answers
have an influence on students' skill levels and critical thinking abilities.
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Effect of Learning Discussion on Thinking Skills Critical Student
To determine the influence and relationship between the results and treatment can be traced
using the test paired sample t-test (George & Mallery, 2021; Kim, 2015). The test results will show
a connection between the pretest and posttest results and the relationships between treatment
discussion learning enhancement results of critical thinking skills. To find out if there is a
relationship between pretest and posttest, then a hypothesis is made as follows:

Ho = Data pretest and posttest interconnected

Ha = Data pretest and posttest unrelated

If the SPSS significance value < a (0.05), Ho is accepted, and Ha is rejected.

If the SPSS significance value > a (0.05), Ho is rejected, and Ha is accepted.

Table 7. Relationship between pretest and post-test

Paired Samples Correlations
Number of Students ~ Correlation  Sig.

Pair1  Chemistry Study Program 35 0.870 0.000
Pair2  Biology Study Program 29 0.862 0.000
Pair3  Mathematics Study Program 33 0.725 0.000

Based on the relationships presented in Table 7, can the correlation be seen between the
pretest and posttest from each product. The chemistry study program has a value correlation the
biggest, followed by the biology and mathematics study program following the data presented
above. Based on the results of the hypothesis mentioned, the significance value of the three study
programs (sig.) 0.000 <0.005, it can be concluded that there is a relationship between the pretest
and posttest, so Ho is accepted, and Ha is rejected (Risdianto et al., 2023). After that, to know the
influence of the learning process learning discussion model, it can be seen from the results pretest
and posttest, with hypotheses like the following.

Ho = There is an influence of the use of discussion model learning

Ha = There is no influence of the use learning discussion model

If the SPSS significance value < a (0.05), Ho is accepted and Ha is rejected.

If the SPSS significance value > a (0.05), Ho is rejected and Ha is accepted.

Table 8. The effect of learning discussions on learning outcomes student

Paired Samples Test

Sig.

Std. Std. Error (2-

Mean Deviation Mean Lower Upper t df tailed)

Pair1 Chemistry Study -40.76143 8.06576 1.36336 -43.53211 -37.99074 -29.898 34  0.000
Program

Pair 2 Biology Study -43.90759 9.93995 1.84580 -47.68854 -40.12663 -23.788 28  0.000
Program

Pair 3 Mathematics Study  -52.42394 13.25621 230761 -57.12439 -47.72349 -22.718 32  0.000
Program

Based on the results in Table 8, it is known that the significant value of sig. (2-tailed) is 0.00
< 0.05. That way, Ho is accepted, and Ha is rejected. It states that learning using the learning
discussion model impacts or influences critical thinking skills. According to Santoso (2019),
decision-making refers to the significance value (sig.). In addition, from the mean value it can
also be traced to an increase in the average pretest and posttest results. This is in line with what
is stated by Afifah and Mudzakir (2022) and Ramadhani et al. (2019), the increase in learning
outcomes can also be analyzed from the results of the average value obtained based on the SPSS
test results. The minus sign on this value has no effect, it just states the magnitude of the change
that has occurred and has no other purpose.
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LIMITATION

There are limitations in this research, namely, (1) this research only uses three student classes as
aresearch sample, (2) the students who are the sample are only taken from pure study programs,
and (3) the material tested is general physics material for new students.

CONCLUSION

Critical thinking skills are critical to be mastered by students in general because they can help
understand processes and daily activities. Based on the results of the analysis and research
findings, the discussion learning model provides an increase in students' critical thinking skills
in general physics courses. In addition, mathematics study program students dominate critical
thinking skills based on the indicators tested.

This research implies that the discussion learning model can improve critical thinking skills.
This research can be a source of literature to improve students' critical thinking skills on the
material being tested. Applying the learning discussion model in general physics courses can be
an alternative measurement of students' critical thinking skills in the faculties of mathematics and
natural sciences.

The hope for further research is to apply model of discussion learning to compulsory subjects
for each department to become a provision for students and lecturers in determining the family
to be studied further. In addition, it is necessary to develop student worksheets to become a forum
for determining students' critical thinking skills and as a supporting medium for implementing
discussion learning models.
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