Refractive Thinking Profile In
Solving Mathematical Problem
Reviewed from Students Math

Capability

by Rooselyna Maslukha_agung

Submission date: 02-Apr-2018 07:30AM (UTC+0700)

Submission ID: 939512748

File name: Maslukha_2018_J. Phys. Conf. Ser. 947 012022.pdf (622.08K)
Word count: 2976

Character count: 16746



Journal of Physics: Conference Series

PAPER - OPEN ACCESS

Refractive Thinking Profile In Solving Mathematical Problem Reviewed
from Students Math Capability

To cite this article: M Maslukha et al 2018 J. Phys.: Conf. Ser. 947 012022

View the article online for updates and enhancements.

This content was downloaded from IP address 158.140.167.50 on 02/04/2018 at 01:25




MISEIC IOP Publishing
IOP Conf. Series: Journal of Physics: Conf. Series 947 (2018) 012022 doi:10.1088/1742-6596/947/1/012022

Refractive Thinking Profile In Solving Mathematical Problem
Reviewed from Students Math Capability

M Maslukha'", A Lukito' and R Ekawati'

! Departement of Mathematic, Universitas Negeri Surabaya
*Corresponding Author: maslukhamaslukha@mbhs.unesa.ac.id

Abstract. Refraction is a mental activity experienced by a person to make a decision through
reflective thinking and critical thinking. Differences in mathematical capability have an
influence on the difference of student’s refractive thinking processes in solving math problems.
This descriptive research aims to generate a picture of refractive thinking of students in solving
mathematical problems in terms of students™ math skill. Subjects in this study consisted of three
students, namely students with high, medium, and low math skills based on mathematics
capability test. Data collection methods used are test-based methods and interviews. After
collected data 1s analyzed through three stages that are, condensing and displaying data, data
display, and drawing and verifying conclusion. Results showed refractive thinking profiles of
three subjects is different. This difference occurs at the planning and execution stage of the
problem. This difference is influenced by mathematical capability and experience of each
subject.

1. Introduction

Refraction is an event of change or distortion of direction of the wave as it passes through the boundary
plane of medium having different density[1]. Using light metaphor the refraction process is illustrated
from reflective thinking toward critical thinking then refractive thinking[2]. Illustrations of refractive
thinking processes such as figure 1.
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Figure 1. Refraction illustration
Figure was adopted from reference(3]

Based on illustration of figure 1, occurrence of refraction through reflection and critical thinking.
Reflection is the first step in the knowledge development cycle. Reflection 1s the process of constructing
experience in dealing with problems to acquire knowledge to solve it[3]. Reflection can be understood
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as a general term for the intellectual activities in which individuals are engaged to explore their
experiences in order to gain a new understanding|[4]. Concerning reflective thinking, reflective thinking
1s a situation that occurs when a person is perplexed and investigates to find a solution to the problem.
Perplexity is the uncertainty and difficulty in solving the problem(5].

After reflective thinking, the next process towards a more active mental is called critical thinking.
Critical thinking demonstrates capability to evaluate relevant information obtained when performing
systematic, cautious, and efficient reflections in solving the problem[3]. The most important thing in
critical thinking is to consider and evaluate some of the information obtained so that it is possible to
make an decision[6]. While critical thinking is thinking that involves the ability to test, connect and
evaluate[7]. In this level of thinking also includes collecting, organizing, remembering and analyzing
information. Reflective thinking is part of a critical thinking process that specifically refers to the process
of analyzing and making judgments about what happens[5][8][9][10]. Reflection is the key of critical
thinking, where reflection indicates that a person starts to think at a high level in three taxonomies that
involves examining both process knowledge and results and producing new conclusions.

The third step in the knowledge development cycle is refractive thinking[3]. Refractive thinking is a
learning transformation in which a person clarifies by providing new facts and evidence. The essence of
refraction is the ability to see and identify experiences through different lenses[11]. The term refraction
as an instrumental learning that is the process of learning that is done by changing, controlling and
experimenting on the environment encountered and studying the resulting reactions[12]. Meanwhile,
new knowledge generated from reflection and critical thinking[ 13]. From these ideas can be concluded
that refractive thinking is the thinking process that generates decisions through reflective thinking and
critical thinking.

Research related to refractive thinking has been done by Prayitno[3]. This research describes the
refractive thinking process of students in solving math problems about decision-making. However in
this research, subjects taken only one student and did not include differences in mathematical capability.
In fact, differences in mathematical capability have an influence on the refractive thinking process of
students in solving mathematical problems.

The purpose of this research was to get a description of refractive thinking profile of high, medium,
and low mathematical capability in solving mathematical problems. The troubleshooting steps used in
this study consisted of understanding the problem. making completion plan, executing settlement plan,
and re-examining. The results of this research are expected to give information about the profile of
refractive thinking of students in solving mathematical problems, so that information can be used as
consideration for teachers in designing learning activities in accordance with refractive thinking profile
with different levels of students' mathematical capability.

2. Method

This research is a qualitative descriptive research. Subjects in this study consisted of three students from
the 8th grade of Islamic Junior High School. Three students are high, medium, and low mathematical
capability based on mathematical capability tests. Mathematical ability test is taken from the national
exam that is relevant to the 8th grade of Junior High School. To avoid having students answer truth by
accident, mathematical capability test is made in essay form consisting of 10 questions with 90 minutes
time. Description of the refractive thinking profile of students derived from problem-solving tests and
semi-structured interviews. The problem-solving tests assigned to the subject are a matter of non-routine
mathematical questions related to mathematical material. Interviews are used to clarify written data and
explore information that may not be in the written data about students' refractive thinking profiles in
solving mathematical problems. Triangulation technique used in this research is triangulation time. The
distance between the first and second problem-solving tests is done within a period of about one week.
And from the consistency of data collected then the data 1s analyzed through three stages namely, data
condensation, data display, and drawing and verifying conclusion.

3. Results And Discussion
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The problem was given to a student is:

Note the following parallelogram ADFE!
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Figure 2. Problem was given to Students

Based on data analysis results obtained refractive thinking process students with high mathematical

capability in solving mathematical problems begins from the stage of understanding the problem. At
this stage, students begin to reflect by gathering information and linking prior knowledge in interpreting
the problems it receives. Once students are able to interpret the problem furthermore students connect
the information they have with information on the matter. which indicates that the student is critical
thinking. Furthermore from the information relationships obtained, from the refraction of students have
a picture of the idea of settlement that will be used to answer the problem.
Pagano states that refraction occurs because of a reflection signaled by light passing through a medium
that triggers the occurrence of critical thinking, so that light coming out of the medium is not the same
as reflection[3]. This shows that the components of refractive thinking are reflection and critical
thinking. Therefore. the refractive thinking process that students do with high math skills in
understanding the problem is in accordance with the process proposed by Pagano.

In making the completion plan, students with high math skills propose more than one settlement
strategy. It shows students doing refraction. In accordance with the opinion [3] which states the core of
refraction is the ability to see and identify issues and experiences through different view.

Furthermore, the student uses the experience and knowledge possessed beforehand that is the
parallelogram and rectangular character to solve the problem given in accordance with the strategy that
he previously set. In addition to these methods, students use the concept of angular relationships such
as opposite angles, angular positions and number of angles in triangles. This means that at the stage of
carrying out the settlement plan, the student does the refraction process because he 1s able to solve the
problem more than one way.
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Figure 3. Results of the first completion Figure 4. Results of the second
by student with high mathematical completion by student with high
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After the student has found the answer, the student checks by comparing the first strategy obtained
with another strategy which has the same final result. So he felt very confident that the answer he got
was correct. This shows at the re-examining stage, student does refraction.

Refractive thinking profile of medium mathematical capability subjects At the stage of understanding
the problem, student begins to reflect by gathering information and connecting it with the knowledge of
interpreting the problem. Through critical thinking, students are able to connect the information they
have with information on the matter. Then from the relationships obtained, the results of the refraction
1s that student 1s able to have an idea of the idea that he will use to solve the problem. Stages of refractive
thinking through which students are capable of mathematics are already in line with the phases of
refractive thinking put forward by Pagano. Reflection is the first step in the knowledge development
cycle [3]. Reflection is a process by which we perceive experience. frame it and gain meaning from it.
Critical thinking is the second step in the knowledge development cycle. Critical thinking shows the
ability to evaluate pertinent information and opinions gathered in the reflection phase systematically,
directionally and efficiently to develop problem-solving skills, Furthermore, refraction is the third step
in the knowledge development cycle.

After understanding the problem on the question, students begin to strategize based on the experience

and knowledge they have acquired. Students had thought to use quadrilateral to solve the problem.
However, he could not continue the idea until the end of the settlement. He had already eliminated the
idea and started thinking of other strategies that can be used to solve the problem. Based on his previous
experience and knowledge of the nature of triangles and angular relationships, students chose a trial and
error to make help in order to find the angle they are asking for. Students tried again and again until
finally he got the best solution. The refractive thinking process shown by medium mathematical
capability students is in submitting a plan in accordance with [3] stating that refraction occurs when in
the face of a problem can not immediately get a solution, allowing one to reflect. Reflection in this
situation means connecting the problem it faces with the possible solution of the settlement obtained
from the knowledge it possesses. Next, through critical thinking, one will identify, analyze, synthesize,
and evaluate some alternative solutions obtained at the reflection stage. On refractive thinking someone
offers an proper solution in solving the problem.
In the next stage students use the nature of triangles and angular relationships to execute the strategies
that he set before in accordance with the knowledge he has received. Furthermore. students assess every
step of the settlement done with a logical consideration. However, at this stage the student is only able
to carry out the settlement plan in no more than one way.

Figure 5. Results of Student with Medium Math Ability

After the student found the answer, the next step was checking the answer. While doing the
examination, he found no calculation errors then he fixed it. But at this stage, the student did not doing
refraction process because he does not check by comparing the method or first idea obtained by other
method or ideas.

Refractive thinking profile of subject has low mathematical capability. At the stage of understanding
the problem, students with low mathematical capability need to read the problem until repeatedly to
understand the problem on the matter. Then, the student collected the information and connected it to
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the knowledge or experience it has gained to interpret the information on the problem. Unfortunately,
students with low math skills do not have an 1dea of completion to solve the problem. So, at this stage
students have not done the refraction process. e just did the reflection course.

Furthermore, in making the settlement plan, based on his experience. students had thought using the
nature of the triangle to solve the problem. Unfortunately, students are unable to continue with this idea
until the end of the settlement. So he eliminated the plan. Next he tried to make another strategic plan
that is using trapezoidal properties to solve the problem. Because he only proposed one idea of
completion, so that the refractive ability of the students did not appear. Students only do the reflection
process.

After the student had successfully settled the plan of completion, the student also executed the plan.
During the completion of the completion plan, student did not assess every step taken with logical
consideration. So that students could not execute a strategy of completion well. So the last answer
obtained by students is wrong. This means that students do not refract.

Figure 6. Results of Student with Low Math Ability

In the last stage, student did repetitive examination of the answers. But he was not careful so he did
not realize a mistake he made. This shows that student is doing not critical thinking. So at this stage,
student with low mathematical capability does not arrive at the refraction stage.

At each stage of problem-solving showed that student with low mathematical capability in solving
mathematical problems did not arrive at the refractive phase of thinking. Because there 1s a critical stage
of thinking that has not been passed. Because, process to do refractive thinking is reflection and critical
thinking.

In general, the refractive thinking process of the three subjects is different. This difference occurs at
the stage of planning and executing problem solving, this difference is influenced by the different levels
of subject mathematics ability. Some research found that students' mathematical ability had an effect on
the solution[14]. It also explains the need of mathematical skills when doing mathematical
manipulations including understanding of concepts and procedural knowledge[15].

4. Conclusion

The results of this research show the different of refractive thinking process of students with high,
medium, and low mathematical capability. At the stage of planning and executing problem solving,
students with high mathematical capability are able to propose the idea of completion in more than one
way and he is able to carry out all the plans he previously set well. While a student with medium
mathematical capability is able to propose two ideas of completion. However, only a single idea of
completion is carried out well. For student with low mathematical capability, he is only able to pursue
one idea of completion and can not carry out the idea properly until the end of the settlement. From this
research result, teachers are expected to deliver problem that potentially have many solutions to students
with medium and low mathematical capability.
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