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Abstract: The mathematical critical-thinking skill is a process of thinking systematically to
develop logical and critical thinking on mathematical problems, which characterize and
demand to learn in the 21st century. This conceptual paper aims to analyze the spirit of critical
thinking skill, and various approaches that can be applied in mathematics learning. Based on
the analysis of several theories and research findings from various countries in the world, it can
be concluded that the mathematical critical-thinking skill is very important for students, too; (i)
help rational thinking in making decisions to express an idea, (ii) dare to make conclusions
with alternative logical thinking, and (iii) able to examine and disregard various complex
problems in learning Mathematics. Indeed, mathematics learning does not occur, if the learning
process has not demonstrated the spirit of developing mathematical critical thinking skills.

Keywords: Critical thinking skill, Develop logical, Mathematical problems, Learning in the
21st century, Rational thinking

1. Introduction

Critical thinking is the careful application of reason in the determination of whether a claim is true.
Notice that it is not so much coming up with claims, true or otherwise, that constitutes critical
thinking, it is the evaluation of claims [1]. Critical thinking is accuracy in analytical thinking [2]
Critical thinking is a way of thinking about any subject, content, or problem, where the thinker
improves the quality of his thinking by skilfully using intellectuals [3].

Critical thinking is defined as an awareness of own’s thinking (self-reflection) and the ability
(foundation skills) and willingness (willingness to question) to clarify and improve understanding
which aids in drawing appropriate conclusions and making the best decisions possible within a context
(knowledge base) [4]. Critical thinking is a way of thinking that is reflective which is directed to reach
conclusions based on evidence and consideration [5]. The term critical thinking explained as in the
following picture:

Problem Thinking Solution

Figure 1. Critical Thinking Skills [5]
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Critical thinking is one of the thinking skills needed in the 21st century where information
dynamically [6]. The critical-thinking skill can also be interpreted as a way of thinking that is
reasonable or based on reason [7]. Critical thinking skill is one of the skills that students need to have
in the present century [8]. Critical thinking skills can be referred to and evaluated through the process
and assessment of students' thinking levels [9]. The critical-thinking skill includes several things:
namely analysis, interpretation, inference, synthesis, and evaluation [10], [11]. Developing critical
thinking skills can diagnose the thinking abilities of high-level students. By providing feedback to see
the level of student thinking [12]. Also, the critical-thinking skills a collective experience [13]. For this
reason, collaboration is needed between all teachers in implementing the learning process [14].
Agreeing with that, this critical thinking ability can be developed cumulatively as student progress
through an appropriate learning process [15].

Syntax in developing critical thinking skills, namely:1) elementary clarification, 2) the basis for the
decision, 3) inference, 4) advanced clarification, dan 5) supposition and integration [16].

supposition
and
integration

advanced
clarificatio

elementary
t/arification

Steps of
Critical
Thinking Skills

““"the basis for
the decision

Figure 2. Syntax in Developing Critical Thinking Abilities [16]

One expert suggested that critical thinking ability is a mathematical ability that is essential and is a
goal in learning mathematics [17]. Agree with that, the mathematical critical-thinking skill is an ability
possessed by students used in solving mathematical problems [18]. The critical-thinking skill in
mathematics can also be interpreted as the ability to include prior knowledge [19], cognitive strategies
to generalize, prove or evaluate mathematical situations which include: testing, questioning,
connecting every aspect that exists in mathematical problems [20], [21]. Mathematical material and
critical thinking are two things that have coherence and cannot be separated [22]. Mathematical
material can be understood through critical thinking, and critical thinking is trained through a series of
mathematics learning processes [23]. The uniqueness and complexity of the elements in mathematics
require learners to be able to think critically in learning them [24], [25]. Also, it was explained that the
mathematical critical-thinking skill is a high-level thinking process that can be used in the formation
of systems or students' conceptual understanding [26].

Developing critical thinking skills requires an effective, constructive, and cognitive assessment to
make it easier for teachers to uncover students' abilities [27], [28]. Based on this, the teacher needs to
apply the right variety of methods in developing students' critical thinking skills [29]. One of them is
by building new curriculum models and approaches and teaching techniques that lead to critical
thinking and mathematical problem solving [30].

Indicators of mathematical critical thinking ability consist of 1) focusing on one question, problem
and theme, 2) checking the truth of arguments, statements and solution processes 3) asking and
answering with reasons, 4) observing with criteria, identifying assumptions, understanding well, and
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identify relevant and irrelevant data, 5) reduce and induce, 6) make judgments, assess thoroughly, 7)
find alternatives [31]. Ennis defines critical thinking as thinking to decide what to believe or do [32].
His research investigates the feasibility and consequences of developing critical thinking among
students through an instruction program in probability [33].

Based on the results of previous studies, research has been conducted to analyze the critical-
thinking skill mathematically, as was done by [34] by using the Missouri Mathematics Project (MMP)
learning model, then [35] offers cooperative learning-based learning models. Norris revealed that the
importance of applying problem-based leaming or the term Problem Based Leaming approach as an
effort to function the brain's work system in responding to students' critical attitudes [36].

Based on these definitions and presentations, it can be concluded that mathematical critical-
thinking skill is very important for students [17]. Because with this ability, students can be rational and
logical [37], able to provide appropriate alternative conclusions [38], and able to examine various
problems that occur in everyday life [39]. The importance of mathematical critical thinking skills is to
help students to think analytically, logically, and systematically and be able to examine various
problems [40].

Mathematical thinking skills can be classified into two types based on the level of complexity,
namely: high level (high order critical thinking skills (HOCTS) or high-level mathematical thinking)
and low level (low order critical thinking skills (LOCTS) or low-level mathematical thinking)[41].
Ennis's opinion only talks about high and low. Meanwhile, according to the study of researchers in
learning mathematics, it is not enough to just talk high and low. But the keyword is critical thinking.
So, the researchers offer as a refinement of the concept, is Critical Thinking Skills (CTS). For this
reason, the author tries to explain the purpose of this conceptual article, which is to find out the
important role of mathematical critical thinking skills and offer various approaches that can be applied
in mathematics learning.

2. The Importance of Ability to Think Math Critical Learning in Mathematics Learning

The importance of the critical-thinking skill is to be able to develop and communicate ideas in learning
[42], can check the truth of information, can produce rational decisions, and can support increased
learning achievement [43]-[45]. By having the ability to think critically, a person can regulate, adjust,
change, or improve his mind [46], so he can decide to act more precisely [47]. Critical thinking skill is
an important and vital topic in modern education. All educators are interested in teaching critical
thinking to their students [48].

The critical-thinking skill is an important element which is an inseparable unity, students must have
in analyzing mathematical problems [49], and needs to be embedded in the learning process. For this
reason, students need to be able to construct their understanding and knowled@e to be able to express
ideas or ideas in solving problems [50]. The following illustration is a unity about the importance of
developing mathematical critical thinking skills:
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Figure 3. Illustration One Unity The Importance of Mathematical Critical Thinking Ability

Also, the critical-thinking skill in learning mathematics can minimize the occurrence of mistakes
when solving problems, can train students to participate actively to gain and feel experiences that are
meaningful in the learning process [51]. Therefore, the critical-thinking skill in learning mathematics
can be developed by presenting a particular situation so that students can construct their understanding
through the given situation [52]. So that the final result will be obtained a settlement with the right
conclusions and students will get used to facing challenges [53].

Activities that demonstrate critical thinking skills in mathematics learning include: (i) the ability to
identify problems; (ii) ability to find fault; (iii) ability to analyze a statement; and (iv) the ability to
apply concepts to new problems. Here is an example of critical thinking in learning mathematics:

Critical Thinking

Discuss with your friends. By utilizing the distributive nature of
multiplication for addition and the distributive nature of multiplication for
reduction, prove the multiplication of the following algebraic forms.

(ax + b)(ax — b) = a’x” — b’(ax + b)’ = a’x” + 2abx + b’(ax — b)’ =a’x’ —
2abx + b’

Some positive impacts experienced by students from critical thinking in mathematics learning
include (1) Practicing problem-solving skills, (2) The emergence of innovative questions and
designing appropriate solutions, (3) Actively building arguments by showing accurate and logical
evidence [47]. Greenwald stated that the critical-thinking skill in mathematics learning includes
several indicators including (1) interpretation, namely the ability to understand or express the meaning
of data or situations presented in a mathematical problem; (2) analysis, namely the ability to identify
the relationship between the data given and reasoning given arguments; (3) evaluation, namely the
ability to find and prove errors in a mathematical problem; (4) decision, namely the ability to make
conclusions from a mathematical problem [20].

The steps that can be taken by teachers in improving students' critical thinking skills are: (i) using
learning strategies that demonstrate student activity, (ii) focusing instruction rather than content, and
(ii1) using assessment techniques that give students intellectual challenges rather than recalling
memory. Some things that can hinder a teacher in critical thinking: lack of training, limited resources,
biased bias and time constraints conspiring to negate the learning environment that promotes critical
thinking [54]. However, actively involving students in collaborative activities can encourage students'
critical thinking. In this way, it is possible if the teacher models the thought process using effective
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questioning techniques, and guides the students' critical thinking processes [55]. These examples
provide a challenge for teachers in considering students as users of information and not recipients of
information [56].

Contrary to the importance of critical thinking skills in learning, several facts show that this ability
is still relatively low [57]. Based on several studies, obtained information that most students
experience problems in terms of low critical thinking skills. Most students are accustomed to doing
learning activities in the form of memorizif concepts, formulas, and solving problems
mathematically, without being accompanied by the development of critical thinking skills of a
problem they face in real life [58]. Also, there are still very few schools that teach students to think
critically [59]. The same thing was expressed by Stupple that teachers still enjoy teaching with
conventional learning patterns and see very few opportunities to do more innovative activities [60].
Also, it was mentioned that high school students are unable to complete tasks that demonstrate critical
thinking competence. The situation that has been described previously suggests that the selection of
learning methods by teachers is a very important thing that needs to be considered to foster critical
thinking skills [61].

3. Some Approaches in the Development of Math Critical Thinking Ability in Mathematics

Learning ]

Learning approaches that can improve students' critical thinking skills are metacognitive learning
models, reciprocal teaching approaches [62], Metacognitive Instruction approach [63], [64], RME
model learning approach (Realistic Mathematics Education) [65], [66]. Besides, scientific-based
mathematics teaching materials are very effective in increasing mathematical critical thinking skills
[67]. Furthermore, one of the abilities that are thought to affect the mathematical critical-thinking skill
is Adversity Quotient (AQ)[68]. This is in line with Saido's opinion in his research that the importance
of Adversity Quotient (AQ) to hone students' critical thinking skills on mathematics learning
achievement [69]. This means that the level of AQ influences students' mathematical critical thinking
skills even though the contribution is not too large.

Besides the learning process requires a model and approach, the importance of the teacher's
empathy which must also be proclaimed in handling the learning process [70]. It can also be done
training activities for teachers [55] so that the leaming process that is a vision and mission in
developing critical thinking skills can also be done well. Not only that but improving the quality of
teachers [56] to develop students' critical thinking skills can also be done through media-based
learning and technology. Thus, the importance of collaboration between teacher quality and the ability
to apply learning approaches to achieving the development of students' mathematical critical thinking
abilities.

4. Conclusion

The importance of mathematical critical thinking skills that must be possessed by each individual
in carrying out the learning process. This is so the learning process is more systematic, structured, and
tricks the brain to think logically. The results of this conceptual article description conclude that the
mathematical critical-thinking skill in leaming mathematics can be done with a variety of approaches.
This shows the importance of mathematical critical thinking skills, which can be easily done using a
variety of approaches in practical ways.

One effort that can be done ifto improve the quality of education that focuses on developing
students’ critical thinking skills. Cifffical thinking can be developed through classroof§ learning,
especially in learning mathematics. The development of critical thinking skills enables students to
become accustomed to facing challenges and solving problems by analyzing their thinking to make
choices and draw conclusions.
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