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ABSTRACT

The method used is quantitative with a quasi-experimental design. Data collection techniques using tests and
questionnaires. Data analysis techniques by testing the increase in mathematical critical thinking skills and learning
independence. The results showed that there were 23 students in the control class with a moderately critical category
with a percentage of 71.875%. The critical category consists of 9 students with a percentage of 28.125%. In the
experimental class there are 3 students in the critical category with a percentage of 9.375%. For the very critical
category there are 29 students with a percentage of 90.625%. The results of the t test show that the P-value is 0.000 <
0.05, there is an increase in the ability to think critically mathematically through the brain based learning model. The
results of the control class self-regulated learning were 5108 with a mean value of 63.85 in the fairly independent
category. The experimental class is 6114 with an average value of 76.43 in the independent category. Test results with
the t test show a P-value of 0.000 < 0.05, meaning that the class has independent learning in the experimental class.

Keywords: mathematical critical thinking; brain-based learning model; self-regulated learning;

1. INTRODUCTION

Advances in science and technology have become a driving force in the world of education to innovate from various aspects,
both in terms of processes and educational processes. The current 21t century emphasizes cognitive, affective and
psychomotor and demands the world of education to be competent in thinking skills. The ability to think is a person's
ability that is needed in life. These thinking skills include critical thinking skills (Cahyana, et al 2017), think creatively
according to procedure (Wahyuni & Pasaribu, 2022), Think logically if you get a problem (Rosmauli & Watini, 2022), and
the ability to solve problems by simplifying them (Zahroh et al, 2020). The ability to think is one of the thinking abilities
that a person has to solve problems in everyday life in dealing with society and each individual. The ability to think
critically can also generate high curiosity, if applying this abilities it can solve the problems being faced. Critical thinking
skills are needed in order to deal with the rapid flow of information. The habit of critical thinking causes a person to choose
important information, to conclude events with his own logic.

There are several opinions about critical thinking skills, one of which is according to Facione (2011) says that critical
thinking is a process in self-regulation to decide, analyze and evaluate it is also useful to present opinions along with
complete evidence. Tari & Rosana, (2019) revealed that the ability to think critically is a high-level ability to use cognitive
skills to process and process the information obtained. Heard et al, (2020) added that mathematical critical thinking is a
person's ability to think in reflecting and focusing on what is believed or done. Alfonso (2015) says that critical thinking
ability is a high-level thinking process that is useful for combining information to solve a problem. Mathematical critical
thinking ability is influenced by cognitive factors (Lestari et al, 2019), affective factor (Saputri et al, 2020), psychomotor
factors (Puspitasari et al, 2021). Cognitive factors in Bloom's taxonomy revised by Anderson and Krathwoll which lead to
higher order thinking. 6 cognitive aspects which are part of higher-level thinking, namely knowledge (C1), understanding
(C2), application (C3) analyzing (C4), evaluating, (C5) and creating (C6) (Abidin & Tohir, 2019). affective aspects related to
positive emotions and personality in students (Alifah, 2019). psychomotor aspects related to movement behavior or physical
coordination of students (Rahman, 2020).

There are problems experienced by students in critical thinking mathematically, one of which is that they are still
unable to understand the concept of their own lesson. If the teacher asks to identify these problems, they cannot answer
according to the procedure. Students are still not able to analyze difficult problems into simpler ones, also are still confused
in solving problems, especially in making conclusions and evaluating the conclusions that have been obtained. Based on the
results of student tests with a total of 5 questions, only 2 were answered by 3 students even though the total number of
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students participating was 32. this indicates that the ability to think critically mathematically is still low. based on
information from students that the teacher's method in the process of learning activities is boring, takes more notes than
makes students active. During the daily test, some students cheat or wait for their friends to finish and then work on the
questions given by the teacher. It cannot be said that students have met the indicators of critical thinking skills, namely (1)
being able to provide simpler explanations, (2) being able to give appropriate reasons according to procedures, (3) being
able to draw conclusions correctly, (4) being able to explain conclusions that has been obtained, (5) able to be able to
evaluate the problem (Setiana & Purwoko, 2021). Indicators of mathematical critical thinking skills include (1) being able
to interpret problems, (2) being able to analyze solutions to problems, (3) being able to evaluate problems (4) being able to
draw conclusions along with evidence (Seventika et al, 2018). Ennis (2011) states that there are 6 indicators of
mathematical critical thinking skills, namely focus, reason, inference, situation, clarity and overview (Kristihana & Ratu,
2018).

Critical thinking ability is a high-level thinking ability related to affective aspects (Asfiyah, 2021).These aspects include
learning independence is an activity that occurs on individual encouragement (Wong et al 2019), acquire knowledge
without depending on others (Jannah et al, 2021), process in building oneself to develop knowledge (Oates, 2019), confident
that there is the ability to achieve achievement in learning (Adl & Alkharusi, 2020), self-discipline to form a better
character (Latipah et al, 2021), a sense of responsibility for the tasks assigned by the teacher are done and collected on time
(Alabidi et al, 2022), High motivation will create curiosity in new knowledge and encourage success in learning (Pelikan et
al, 2021), can control themselves so that they can solve problems related to colleagues (Granberg et al, 2021). Some
indicators of self-regulated learning include according to Schunk & Zimmerman (1998) being able to make their own study
schedule, being able to monitor learning progress while implementing a design, being able to evaluate learning outcomes
completely, and being able to reflect (Kusuma, 2020). according to Hendriana et al (2017) indicators of self-regulated
learning include not depending on others, having self-confidence, having a disciplined attitude, having high self-motivation,
having a sense of responsibility, and being able to control yourself (Ansori & Herdiman, 2019).

The results of interviews with teachers related to the independence of learning in students that the students'
self-confidence was still low when given assignments, there were still many students who copied their peers, could not
argue, they were still afraid if asked to come forward to give explanations regarding answers. Also on the lack of discipline
in students because there are still many who come late to school. when given assignments by the teacher, many students
did not collect them on time, the aspect of responsibility for students was low, many students could not make their own
study schedules or set learning goals. For high motivation in students it is still low, it is proven that during the student
learning process, many students tell stories with their classmates. The low self-control of students is evident when they are
given the task of discussing instead debating and students' answers are not in accordance with proper procedures.

The low ability to think critically mathematically and independent learning is caused by an inappropriate learning
model. Therefore, researchers will apply a learning model that makes students active (Shabatat & Tarawneh, 2016), fun
learning process (Kartikaningtyas et al, 2018), and challenge students to think (Balushi & Balushi, 2018). The learning
model is brain-based learning, namely a learning model that emphasizes the brain to think without pressure (Putri et al,
2019). This learning model is the development of neuroscience (Prasetya et al, 2022), developed by Paul McClain in 1970
(Nurasiah et al, 2022). With the steps of 1) pre-exposure, 2) preparation, 3) initiation and acquisition, 4) elaboration, 5)
incubation and memory formation, 6) belief verification and checking, and 7) celebration and integration (Rulyansah &
Hasanah, 2018). When students have high mathematical critical thinking, there is high self-regulated learning in line with
research from Prihatini et al, (2020) which reveals that self-confident, disciplined, responsible, and with high motivation
and self-control, the ability to think critically automatically high student mathematics. If students have high self-regulated
learning then high students' mathematical critical thinking skills are in line with research (Kusmaharti, 2022) which
reveals that if students have a sense of trust, discipline, responsibility, have high motivation and have self-control then
there is a high ability to think mathematically critically. There is also an increase in the ability to think critically
mathematically when treated with a brain-based learning learning model with its strategy, namely with the strategies and
steps of the learning model. This is in line with the research of Mulia et al, (2021) that the brain-based learning model can
improve students' mathematical critical thinking skills rather than using conventional approaches.

2. RESEARCH METHOD

The population of this study consisted of 100 class X students of Tegal City Dynamics Vocational School consisting of 4
majors, namely automotive engineering, machining engineering, software engineering and electrical engineering. In this
study the sampling technique was simple random sampling, meaning that sample members were taken randomly from the
population without regard to population strata and each population could be selected. (Ghayab et al, 2016). For research,
two classes were taken, one control class and the other an experimental class with 32 students each. The control class uses
a conventional approach and the experimental class uses a brain-based learning model. The research procedure consisted
of several stages, namely the initial stage of the research by distributing tests of mathematical critical thinking skills to
find out the students' initial data. The second stage is conducting research by giving treatment to respondents. The third
stage 1s analyzing research data using the t test. The fourth stage of the research report. These stages are for mathematical
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critical thinking skills. For independent learning by dividing the questionnaire on the scale of independence.

In this study, the data that had been collected through post-tests given to students were then analyzed. The pretest was
carried out before the study with the aim of identifying students' initial skills as well as a basis for heterogeneous grouping
in learning. The post-test was carried out after the research ended with the aim of measuring the increase in mathematical
critical thinking skills. The pre-test and post-test questions on mathematical critical thinking skills consist of 6 questions
with each indicator being one question in the form of an essay. Questionnaires in research are used to measure the increase
in learning independence. The questionnaire consists of 50 questions with details of 25 positive questionnaires and 25
negative questionnaires. Questionnaires were distributed after the learning was finished. The results obtained from
student learning are analyzed using descriptive statistics which aim to determine descriptively students' understanding of
mathematical material after applying the brain-based learning model. In the category below to determine the increase in
mathematical critical thinking skills and learning independence in students of Tegal City Dynamics Vocational School.

Table 1. Categories of Increasing Mathematical Critical Thinking Skills

Category Interpretation
81.25 -100 Very Critical
62.50 — 81.24 Critical
42.75 — 62.49 Pretty Critical
25.00 — 42.74 Less Critical

Source:(Haryanti, et al 2019)

Table 2. Categories of self-regulated learning Improvement

Category Interpretation

86 — 100 Very Independent
76 — 85 Independent
60 — 75 Self sufficient
55 —-59 Less Independent
0—54 Not Independent

Statistical descriptive analysis of mathematical critical thinking skills is used to calculate student learning outcomes. Data
taken from the pre-test and post-test were analyzed with the aim of obtaining an increase in mathematical critical thinking
skills. While the independent learning is taken from the value of the independent learning questionnaire in the control
class and the experimental class.

3. RESULTS AND DISCUSSION

3.1 Results
a. Analysis of Mathematical Critical Thinking Ability

Research on brain-based learning learning models to improve critical thinking skills is taken from the pre-test and
post-test values of the control class and the experimental class. To find out these results, start with a statistical description
which aims to describe the data in the study (Maysani & Pujiastuti, 2020).

Table 3. Categories of Mathematical Critical Thinking Control Class and Experimental Class

Description Pretest Posttest
Control Class Experiment Class Control Class Experiment Class
Category Score

f % f % f % f %

Very Critical 25 -42.75 0 0 0 0 0 0 0 0

Critical 42.76 -62.50 25 78.125 30 93.75 23 71.875 0 0
Pretty Critical 62.51- 81.25 7 21.875 2 6.25 9 28.125 3 9.375
Less Critical 81.26 — 100 0 0 0 0 0 0 29 90.625

Amount 32 100 32 100 32 100 32 100

Meanwhile, in each indicator of the ability to think critically mathematically with indicators, understanding concepts,
identifying problems, analyzing problems, solving problems, making conclusions and evaluating. To find out the initial
abilities of students taken from the high, medium and low categories can be seen in the Table 4.
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Table 4. The results of each category of indicators of Mathematical Critical Thinking

Mathematical Critical Pretest Postrest

Thinking Ability Indicator Cgil;:;ﬂ Category Experiment Class Category Control Class Category Exp((;r;SH;ent Category
Understanding Concepts 80.47 C 80.47 C 85.94 VvC 96.09 VvC
Identifying Problems 67.97 PC 67.97 PC 68.75 C 89.84 vC
Analyze Problems 60.16 PC 57.81 PC 60.16 PC 82.81 VvC
Solve the problem 57.81 PC 56.25 PC 57.81 PC 91.41 VvC
Making Conclusions 58.59 PC 54.69 PC 56.25 PC 85.16 vC
Evaluate 47.66 PC 40.63 LC 57.81 PC 67.97 C

Information

VC : Very Critical

C  : Critical

PC : Pretty Critical
LC : Less Critical

Normality test

The normality test at the initial and final stages of the study was to determine students' initial and final abilities by using
the Shapiro-Wilk in order to know that the data taken as samples were normally distributed.

HO : Data of mathematical critical thinking ability is normally distributed.

H1 : Data on mathematical critical thinking skills are not normally distributed.

Significance value 0.05

Basis for decision making if the P-value < 0.05 then abnormal data Ho is rejected and Hi is accepted. If the P-value >
0.05, then the data is normally distributed, Ho is accepted and H1 is rejected.
Table 5. Normality Test Results for Mathematical Critical Thinking

a Kolmogorof-Smirnov Shapiro-Wilk
ass
Statistics Df Sig Statistics Df Sig
Control Class Pretest 173 32 .016 945 32 .102
Early stage .
Experiment Class Pretest 143 32 .092 .946 32 112
Posttest Control Class 141 32 .109 937 32 .063
Final Stage .
Experiment Class Posttest .162 32 .032 937 32 .062

Based on Table 5, it can be seen that in the pretest-posttest the ability to think critically mathematically at a P-value >
0.05, it can be concluded that the data is normally distributed.

Homogeneity test

Homogeneity test is carried out to find out that the data taken has a homogeneous variant.
Ho: There is no homogeneous variant on the data of mathematical critical thinking ability.
Hi: There is a homogeneous variant on the data of mathematical critical thinking ability.

Significance value 0.05.

Basis for decision making if the P-value < 0.05 then the data does not have a homogeneous variant Ho is accepted and H1
is rejected. If the P-value > 0.05 then it has a homogeneous variant, Ho is rejected and H1 is accepted.

Table 6. Results of Homogeneity Test of Mathematical Critical Thinking Ability

Pretest Posttest
L
Levene Statistic df1 a2 Sig. evene df1 df2 Sig.
Statistic
3.075 1 62 .084 1.011 1 62 .318

Based on Table 6, it can be seen that the pretest-posttest homogeneity test on mathematical critical thinking skills in both
the control class and the experimental class obtained a P-value > 0.05, having a homogeneous variant.

Mean difference test

Test the difference in the mean of the two classes was carried out to determine whether there is a difference in the mean
mathematical critical thinking ability.
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Ho : There is no mean difference between the control class and the experimental class in mathematical critical thinking
skills.

H: : There is a mean difference between the control class and the experimental class in mathematical critical thinking
skills.

Significance value 0.05.

The basis for making decisions in this test is if the P-value < 0.05 then HO is rejected and H; is accepted. If the P-value >
0.05 H1 is accepted and H; is rejected.

Table 7. Results of Test of Differences in Average Mathematical Critical Thinking Ability

Lewens's Test
for Eguality of

W anances t-test for Equalty of Means
Sig. S 25% Conhdence
(3 Errce Interval of the
tailed Mean Differenc Difference
F Sig. T Df ¥ Difference e Lowrer Upgper
Imitizy Exqpual
Results varian
of [ =]
Mahema | Z=SUm L ao7s | oss 1222 | &2 2% 246875 | 202088 | -1.57054 | ©.50804
Critical
Thinking
Abiity
Resulls Egua
of the
Final
Stage of S - - - -
1.01 31 i) 1.4185
Mathema | . g | 1395 &2 18.7918 . 22 5275 159550
tical - 1 ]
Critica FTEU & & ¥
Thnkng med
Albilty

Based on Table 7, the mean difference test in the control class pretest and the experimental class got a P-value > 0.05.
Then in the final stage, namely the posttest value of the control class which was given conventional treatment and the
experimental class which was given the treatment of brain-based learning models, got a P-value < 0.05. So, it can be
concluded that there are differences between the control class and the experimental class. This means that the

experimental class is better than the control class.
b. Analysis of Self-Regulated Learning

The analysis of learning independence was taken from a questionnaire distributed to the control class and the
experimental class. The results of the analysis are in the form of statistical descriptions as follows.
Table 8. Student Questionnaire Results Control Class

Descriptions Control class Experiment Class

Total f sum 1600 1600

Score Total 5108 6114
Maximum score 8000 8000

Average (%) 63.85 76.43

Based on table 8 the total score of the positive and negative questionnaires in the control class was 5108 and the mean
value of the control class was 63.85. The experimental class got a total score on the positive and negative questionnaires of
6114 with a mean value of 76.43.

Normality test

The normality test on increasing learning independence aims to find out that the data taken from the control and
experimental class questionnaire values are normally distributed. The hypothesis in this test is as follows.

Ho: data on increasing self-regulated learning is normally distributed.

Hi: data on increasing self-regulated learning is not normally distributed.
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Significance value 0.05.

Basis for decision making if the P-value < 0.05 then abnormal data Ho is rejected and H: is accepted. If the P-value >
0.05, then the data is normally distributed, Ho is accepted and H1 is rejected.
Table 9. Normality test results for increasing self-regulated learning

Class Kolmogorov-Smirnova Shapiro-Wilk
Statistic Df Sig. Statistic Df Sig.
Self-regulated Learning Control Class .146 32 .080 .946 32 .109
Questionnaire Experiment Class .110 32 .200* .963 32 .327

Based on Table 9, in the independent learning questionnaire, it can be seen that the P-value is > 0.05. It can be concluded
that the control class and the experimental class are normally distributed.

Homogeneity test

The homogeneity test was carried out to find out that the data taken from the independent learning questionnaire had
homogeneous variants. The hypothesis in this test is as follows.

HO: there is no homogeneous variant in the self-regulated learning questionnaire data.

H1: there is a homogeneous variant in the self-regulated learning questionnaire data.

Significance value 0.05.

Basis for decision making if the P-value < 0.05 then the data does not have a homogeneous variant Ho is accepted and Hi
is rejected. If the P-value > 0.05 then it has a homogeneous variant, Ho is rejected and Hi is accepted.

Table 10. Homogeneity Test Results for Increasing Self-Regulated Learning
Levene Statistic df1l df2 Sig.
517 1 62 AT5

Based on Table 10, it can be seen that the test results get a P-value > 0.05. then it can be concluded that the data in the
questionnaire has a homogeneous variant.

Mean difference test

Test the difference in the mean of the two classes to determine whether there is a difference in the average increase in
self-regulated learning in the control class and the experimental class. The test hypothesis is as follows.

Ho : There is no mean difference between the control class and the experimental class in self-regulated learning.

Hi: There is a mean difference between the control class and the experimental class in self-regulated learning.

Significance value 0.05.

The basis for making decisions in this test is if the P-value < 0.05 then Ho is rejected and Hi is accepted. If the P-value >
0.05 Ho is accepted and Hi is rejected.
Table 11. Results of Test of Differences in Mean Self-Regulated Learning

Levene's Test
for Equality of
\ariances t-test for Equality of Means
Sig. 95% Confidence Interval of
(2- Mean Std. Error the Difference
F Sig. T Df tailed) Difference Difference Lower Upper
Self Equal
Regulated variances
Learing assumed 517 475 -9.757 62| 000 -13.37750 137113 -16.11835 -10.63665
Qluestionnaire

Based on Table 11, the results of the average test of learning independence in the control class and the self-regulated
learning experimental class obtained a P-value of > 0.05. From these results it can be concluded that there are differences
between the control class and the experimental class. This can be interpreted that the experimental class is better than the
control class.
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3.2 Discussion

Based on the results of the initial stages to find out students' initial abilities in mathematical critical thinking skills there
are the same abilities, this is because the selection of research samples uses simple random sampling which allows
sampling from populations with strata that do not pay attention to strata. When compared to the control class and the
experimental class in the final grades taken from the posttest control class and class there is an increase in mathematical
critical thinking skills. the average increase in the experimental class can be seen in the statistical description in table 3.
There is an increase in each indicator of students' mathematical critical thinking skills, namely students are very critical in
understanding correct concepts, students are very critical in identifying problems given by the teacher. Students are also
very critical in analyzing problems when given assignments by the teacher. In analyzing student problems it is very critical,
then in solving student problems it is very critical meaning it can solve problems correctly. Students are able to make
conclusions in this case students are very critical. Students are able to evaluate the conclusions. It can be said that
students in the experimental class are critical.

The increase in mathematical critical thinking skills cannot be separated from the brain-based learning strategy,
namely students become more active than before, students can think critically mathematically. When the learning process
is given lessons that challenge students to think hard, students can also enjoy lessons, especially mathematics. Then in the
stages of the brain-based learning model on elaboration students are given time to explore as much information as possible,
at the incubation stage and entering the memory students are given a short break, the last stage students are very happy
because there is celebration and integration students are freed to celebrate that the lesson has been finished. From the
strategies and stages of the learning model, students can improve their mathematical critical thinking skills. this is in
accordance with research submitted by Asfar et al, (2022) that strategies from brain-based learning models can improve
the ability to think critically mathematically. The results of Zakaria et al research, (2021) reinforce that the steps of
teaching modules that are adapted to the brain-based learning model can improve students' mathematical critical thinking
skills.

In self-regulated learning seen from the value of the questionnaire in both classes, namely the control class and the
experimental class. There is a significant difference in the control class and the experimental class in self-regulated
learning. This difference can be seen in the statistical description that the experimental class is better than the control
class. In each indicator of learning independence, namely self-confidence, discipline, high motivation, and self-control
which was previously low after being treated with brain-based learning models, it has increased as evidenced by the value
of learning independence which can be seen in table 9. This research is reinforced by Nur (2016) that brain-based learning
models can enhance self-regulated learning.

4. CONCLUSION

Based on the results of the analysis, it can be found that there is an increase in mathematical critical thinking skills and
student learning independence by using the brain based learning model. From the research analysis it can be concluded as
follows; 1). The application of the brain-based learning learning model can make a major contribution to students so that
they can solve complex problems into simple ones because this model can awaken students' brains to think more deeply. 2).
The conventional approach is no better than the brain-based learning model that is applied to the experimental class to
improve mathematical critical thinking skills. 3). Using a brain based learning learning model can improve self regulated
learning.
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