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Abstract
This study aims to describe and determine mathematical critical thinking skills based on
students' self-esteem. This research used a mixed method with a sequential explanatory research
design. The research population was first year mathematics education students who took
geometry courses, and the research samples were selected by way of purposive sampling
technique. Research subjects were grouped based on high, medium, and low self-esteem
categories to be interviewed about students' critical thinking skills. The research instruments
were tests and interviews. The results showed that students had various mathematical critical
thinking skills in terms of self-esteem. Four students possessed a high level of self-esteem as
indicated by the fact that two students’ mathematical critical thinking skills results were
classified in high category while the remaining two students were in medium category. Of 25
students who had moderate self-esteem, 5 students obtained high category in the results of their
mathematical critical thinking skills, 14 students had their result in moderate category students,
and 6 students were in the low category. Of 3 students with low self-esteem, one student had
their results of the mathematical critical thinking ability result in the high category and two
students had their result in the low category. It can be concluded that there is less significant
correlation between self-esteem and students' critical thinking skills. Meanwhile, there are three
different levels in students' critical thinking skills in terms of self-esteem at high, medium, and
low levels.

Keywords: mathematical critical thinking, self-esteem, problem-based learning.

Introduction

In mathematics, prospective teachers or students of mathematics education must have the
ability to think logically, analytically, systematically, critically, and creatively to face ever-
evolving life through actions (Bardach & Klassen, 2020; Hasibuan et al., 2018; Kuncoro et al.,
2018; Susilo et al., 2019). Those ability refers to the ability to think at a higher level
(Sulistyowati et al., 2019; Widodo et al., 2020) because mathematics is required to think about
a problem deductively and inductively and to solve a mathematical problem, not with one
solution (Ansori et al., 2020). Mathematical thinking is critical because it can help student to
understand the necessity of using knowledge and skills; learning how to learn by oneself and
attaining the abilities required for independent learning (Isoda & Katagiri, 2012).

However, this ideal objective has yet to be fully realized. This is the common problem to
mathematics education students at one of the universities in Yogyakarta, especially in
geometry. The difficulty in geometry heightens when the materials related to Geometry has to
be delivered to elementary, middle, and high school students (Sulistyowati et al., 2017).
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Geometry is one of the compulsory courses for students majoring in Mathematics Education in
the first year. The course outcome description of geometry requires students to optimize their
thinking abilities, including their critical thinking skills. Critical thinking is an intellectual
process that includes applying, analyzing, synthesizing, evaluating information, observing, and
reflecting, as a basis for believing and taking actions (Changwong et al., 2018; Md, 2019).
Critical thinking is also described as a directed and purposeful thought process (Nappi, 2017).
Thus, critical thinking is an activity that is reasoned based on facts and valid arguments as a
reference for taking actions or making decisions.

Critical thinking is a reasonable process of reflective thinking that focuses on deciding what
to believe or do. According to this definition, critical thinking emphasizes thinking that is
reasonable and reflective for use in making decisions (Ennis, 1993). However, given the
challenges during the process of making decisions, students often judge themselves as
incapable of understanding mathematics. These personal beliefs about skills, abilities, and
social relationships are known as self-esteem (Abdel-Khalek, 2016). Self-esteem is a popular
and important construct in the social sciences and in everyday life (Blascovich et al., 1991).
Students with low self-esteem often cannot see challenges as opportunities but consider them
as obstacles. Thus, they will quickly give up before even trying. Self-esteem is self-acceptance
by oneself that is related to the feeling of being worthy, valuable, capable and useful (Fennell,
2016). Self-esteem is essential for psychological survival (McKay & Fanning, 2016). The
growing feeling of "I can" and "I am valuable" is the essence of the notion of self-esteem. The
effect of self-esteem on students' abilities needs to be analyzed more deeply on its positive
impact on the learning process and outcomes.

Many lessons can be used to develop critical thinking skills and self-esteem, one of which
is through the problem-based learning model. Problem-based learning model is mathematics
learning that uses problem-based learning (Mulyanto et al., 2018). Problem Based Learning is
expected to develop and train students' critical thinking skills. Thus, during this learning,
students are trained to develop their critical thinking skills.

The purpose of this study was to explore students' critical thinking skills based on self-
esteem in solving analytical questions in the plane geometry course through Problem Based
Learning using a combined method of sequential explanation design. In the first stage, Problem
Based Learning was implemented to measure critical thinking skills. Information from this first
stage was further explored in the second qualitative stage. The follow up on qualitative research
at the second stage was aimed to better understand and explain students' critical thinking skills
based on self-esteem.

Methods

This research used a mixed method. Data were collected with a sequential explanatory
strategy. This strategy was applied by collecting and analyzing quantitative data in the first
stage followed by the collection and analysis of qualitative data in the second stage, which was
built on the initial quantitative results (Creswell, 2009). This research model is presented in
Figure 1.
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Figure 1. Explanation of mixed methods analysis

The research was conducted at one of the universities in Yogyakarta by involving 32
students taking geometry courses in the first semester 2019/2020 as the research subjects. The
research subjects were selected based on a self-esteem questionnaire classified into high,
medium, and low groups. Each group consisted of two selected students as research subjects.
Out of the total research subjects classified in the high, medium, and low self-esteem group,
two students with the highest and lowest questionnaire score were selected in each group. The
selection was done to provide an inherent picture on the mathematical critical thinking skills
in each self-esteem group.

The research data were derived from the test results of students’ critical thinking skills, self-
esteem questionnaire results, and interview results of critical thinking skills. Test instruments
based on indicators of mathematical thinking skills consisted of five problems to measure
interpretation, analysis, evaluation, inference, and explanation (Basri et al., 2019; Fong et al.,
2017; Harjo et al., 2019). The indicators of mathematical critical thinking test instruments are
presented in Table 1.

Table 1
Indicators of Mathematical Critical Thinking Test

Critical Thinking Indicator Description
Interpretation Students can understand and express the meaning of the given

mathematical statement.
Analysis Students can analyze the given mathematical statement.
Inference Students can provide inferences with logical reasons.
Evaluation Students can assess the given claim.
Explanation Students can explain their answer.

The critical thinking ability test resulted in quantitative research data, while the answer sheet
for students’ critical thinking skills, the results of self-esteem questionnaires, and the results of
interviews for critical thinking skills generated qualitative data. The quantitative data were
tested using the normality test, homogeneity test, proportion completeness test, average
completeness test, proportion comparison test, average comparison test, and effective test.
Meanwhile, qualitative data were analysed by validating data, making verbal data transcripts,
data reduction, data presentation, and data verification.

Results and Discussion

The quality of learning was measured quantitatively by providing tests of critical thinking
skills and mathematical self-esteem. At the learning outcomes stage, it was found that the
students' critical thinking test results were normally distributed and homogeneous. The
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calculation of generated the value of 2.04. The significance level of = 5%, and the( . ) is 1.64. Because 2.04 ≥ 1.64, then ≤ . , meaning that is rejected. Thus,
the proportion of class students who obtained learning materials using Problem Based Learning
has reached more than 75% completeness. Based on the calculation results, the value
is 3.307. The results of the proportion test showed that the proportion of students in Problem
Based Learning achieved completeness of more than 75%.

Meanwhile, the Paired Sample T Test revealed that the average critical thinking ability of
students after Problem Based Learning is higher than the average critical thinking ability of
students before learning Problem Based Learning. This result is denoted by the results of= 5.016 for = 5% and = 31, while = 1.694, because 5.016 > 1.694
means that is rejected and is accepted. Therefore, it is conclusive that students have
improved their average critical thinking ability after using the Problem Based Learning method.
These two aspects indicated the effectiveness of Problem Based Learning provided in the first
semester of the geometry course.

The result of regression calculation demonstrated that self-esteem has a positive influence
on students' critical thinking skills. Although far from dominance, self-esteem significantly
affects students' mathematical critical thinking abilities by 32.2%, while the remaining 67.8%
of students' mathematical critical thinking abilities is influenced by other factors. The results
of the analysis on the mathematics self-esteem questionnaire of the students’ grouping data are
presented in Table 2.

Table 2
Grouping Students based on Mathematical Self-esteem

Category The number of students Percentage

High Self-esteem 4 12,5 %

Moderate Self-esteem 25 78,1 %

Low Self-esteem 3 9,3 %

Total 32 100 %

From the qualitative data, two students were selected for each self-esteem group as a way
to obtain a more comprehensive insight on students' critical thinking skills in each self-esteem
group. Subjects at the qualitative stage are presented in Table 3.

Table 3
Subject on Qualitative Stage

Category Subject Information
High Self-esteem S11 Highest score in High Self-esteem group

S4 Lowest score in High Self-esteem group
Moderate Self-esteem S7 Highest score in Moderate Self-esteem group

S24 Lowest score in Moderate Self-esteem group
Low Self-esteem S5 Highest score in Low Self-esteem group

S30 Lowest score in Low Self-esteem group
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The followings are some findings on the ability to think critically in mathematics based on
self-esteem based on indicators of critical thinking skills, which include Interpretation,
Analysis, Inference, Evaluation, and Explanation.

In the High Self-esteem category, S11 scored almost perfect on the critical thinking ability
test. The error in the critical thinking ability made by S11 was in the interpretation indicator.
The interview results revealed that S11 was less careful in examining the rectangular shape's
properties in question. In contrast to S4, apart from the analysis indicator, S4 also made an
error on the explanation indicator. During the interview, it was known that S4 made a mistake
because he forgot the formula could not focus on understanding the questions.

In the Moderate Self-esteem category there were S7 and S24. S7 made some errors related
to three indicators, namely interpretation, inference, and explanation. S7 made a mistake
because he did not fully understand the information contained in the questions. S7 was also
less precise in providing written evidentiary reasons. On the other hand, S24 only made
mistakes on two indicators, namely interpretation, and evaluation.

In the Low Self-esteem category, S5 only made mistakes on questions related to two
indicators, namely the interpretation and inference indicators. Meanwhile, S30 made some
errors on questions related to four indicators, namely interpretation, analysis, inference, and
evaluation. S5 already had an overview on the steps to answer the questions, but he could not
explain the reasons in the written answer sheet. S30 made many mistakes because he could not
understand the provided questions and was unable to provide reasons for the steps of evidence.

At the qualitative stage, it was clear that self-esteem did not significantly influence critical
thinking skills. This result is indicated by the score of S24 and S5. Although S24 was in the
Moderate Self-esteem category, and S5 was in the Low Self-esteem category, both only made
mistakes on questions related to two indicators.

Most students made errors on questions related to interpretation indicator. The error
percentage of almost all research subjects on questions related to interpretation indicator
amounted to84.38%. An example of an error in the interpretation indicator is shown in Figure
2. The figure explained that S7 could not comprehend the problem correctly. The question was
about an equilateral triangle, but S7 wrote that the triangle had a different angle. Interpretation
is an indicator of the mathematical critical thinking skill and is also an important indicator
(Dolapcioglu & Doğanay, 2020). Most of the mistakes occur because students do not solve the
provided problems. Errors in interpretation also occur because students do not understand the
concept correctly. Students’ inability to understand the keys to the problem results in mistakes
in solving the problem (Royce et al., 2019; Shanta & Wells, 2020; Ulger, 2018). The interview
revealed that most mistakes were attributed to students’ lack of familiarity with such type of
questions. Most students have never encountered similar questions and some students thought
that the questions given were too difficult. This fact is in line with the findings that students
are unable to interpret the questions well because this is the first time they have encountered a
similar question (Basri et al., 2019).
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Figure 2. Work result of S7 at interpretation indicator

In the analysis indicator, students have not been able to identify the relationships between
the statements expressed. The written calculation strategy is not correct, and the reasons written
are also incomplete and incorrect. One example of an analysis error occurred in the work of
subject S30. Besides being unable to understand the questions correctly, S30 was also unable
to relate the provided mathematical statements, as can be seen in Figure 3. The interviews
disclosed that some students were still having difficulty in linking each statement to the
provided geometric properties. This finding is in line with a research conducted by Agoestanto
and Sukestiyarno (2017), arguing that critical thinking skills are also the ability to think
analytically because of an effort, connection, and all aspects of a problem situation, including
the ability to gather information, remember, analyze situations, read and understand, and
identify necessary things.

Figure 3. Work result of S30 at interpretation indicator

Inference is a "gathering" of credible, relevant and logical evidence based on previous
analysis and evaluation of available evidence, for the purpose of "drawing a reasonable
conclusion" (Facione, 2011). In the inference indicator, students have not been able to write
conclusions correctly on the completion steps. This is shown in Figure 4, in which subject S5
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could not identify the statement in the question. Subject S5 was supposed to prove that and
bisect each other, but instead he used those statements to do the proof. This strategy made

S5 unable to find the right conclusion based on the written statement. The interview
demonstrated that students did not know how to solve problems, were not careful in observing
and understanding the statements given and had problem in formulating conclusions because
of less careful calculation of the result even though the previous step was correct. This finding
corresponds with the statement that students fail to give the correct inference because they
cannot identify the statement given (Basri et al., 2019).

Figure 4. Work result of S5 at inference indicator

Evaluation is a critical thinking sub-skill that is used to determine the overall strength or
weakness of an argument (Dwyer et al., 2014). In the evaluation indicator, most of errors occur
because students did not provide precise evidentiary reasons in the written answer sheet. This
result can be seen from the results of the work of Subject S24 in Figure 5. From the work
results, the evidentiary reasons written are still inaccurate. The interviews found that some
students were not careful in solving the questions. They also could not find ideas to prove the
statement given.

Figure 5. Work result of S24 at evaluation indicator

In the explanation indicator, based on the results of the interview, an error occurred because
some students did not understand the material given. Consequently, students were unsure of
their answers. A clear example of this case is seen from the work result of S30 in Figure 6. The
subject S30 has not been able to build proof based on the concept of congruence, so he could
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not solve the problem. Students’ failure to provide good explanations was attributed to students'
lack of knowledge of geometric concepts. A good comprehension of the geometry concept is
very important to allow students to understand the world by comparing shapes, objects, and
their relationships (Jelatu, 2018). This result resembles a research, which stated that the
increasing understanding on mathematical critical thinking is in line with students'
understanding of the related concepts (Agoestanto & Sukestiyarno, 2017; Basri et al., 2019).

Figure 6. Work result of S30 at explanation indicator

The abovementioned description shows a significant difference in the mastery of critical
thinking skills between students in the high mathematics self-esteem category and students in
the moderate and low mathematics self-esteem category through Problem Based Learning.
Students who have high mathematical self-esteem tend to have higher mathematics critical
thinking skills than students with lower mathematics self-esteem. This is in accordance with
the opinion of (Schultze-Krumbholz et al., 2018) about low self-esteem, which makes it
difficult for students to complete their own tasks. This finding also confirms that self-esteem
is an essential concern in learning as expressed by (Ghilay & Ghilay, 2017) that self-esteem is
related to a number of life factors, one of which is student success at school. Thus, self-esteem
is essential for every teaching and learning activity at schools. As a result, students with low
math self-esteem still need many activities that stimulate their reasoning and conceptual
understanding.

Conclusion

Based on data analysis and discussion on the research results on the role of self-esteem on
students 'critical thinking skills through Problem Based Learning, this study has achieved its
objectives. Self-esteem has a positive influence on students' critical thinking skills, although
not dominant. In other words, it can be concluded that there is a less significant effect between
self-esteem and students' critical thinking skills. On the other hand, students' critical thinking
skills in terms of self-esteem can be differentiated into three categories: high, moderate, and
low levels. From the results of the analysis of the five indicators of critical thinking skills
(interpretation, analysis, inference, evaluation, and explanation), the interpretation indicator is
the one that generates the highest number of errors based on students’ mastery compared to
other critical thinking indicators.
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