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ABSTRACT

This research aims to describe secondary school students’ mathematical reasoning skills through visual-formed
problem under a mathematical modeling framework. This research involved 19 seventh grade students of SMPN 6
Indralaya Utara. Data were collected through a test and interview. Result show that a visual-formed problem under a
mathematical modeling framework contributed to students’ mathematical reasoning skills.
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1. INTRODUCTION

Reasoning as one of the cognitive components of
humans is used to understand science and natural
phenomena. Learning indeed plays an important role in
developing this aspect. Therefore, human civilization
becomes more advanced. Mathematics as science based
on the deductive approach, needs reasoning as the main
tool to develop understanding both of the mathematics
itself and its application. Reasoning in the current
mathematics curriculum of Junior high school in
Indonesia is one of the competencies [1]. According to
[2], mathematical reasoning is the key element in
mathematics and the center of attention for
mathematical learning in schools.

It is expected that mathematical learning in schools,
according to the 2013 curriculum, will produce students
acquiring this mathematical reasoning skill. However,
there is a strong indication that the learning has yet
focused on this the desired target. For example, PISA
for mathematics in 2018 showed that only 1% of
students were able to do 5 and 6 level mathematic
questions [3]. PISA questions for these two levels are
mathematical problems that need reasoning.

Some research discussing PISA result stated that
difficulties experienced by Indonesian students in
solving high-level PISA questions including difficulties
in: (1) solving mathematical problems; (2)
understanding problems or questions; (3) converting a
real-world problem into a mathematical problem; (4)

drawing conclusion based on solutions given [4]. The
inability of Indonesian students to solve high-level PISA
questions was because students still cannot understand
context-based questions [5, 6]. Consequently, this
context-based learning, especially context relating to
students' activities in their environment, should be
considered as an object of learning material. One of the
teaching and learning approaches being most likely
appropriate to context based learning is mathematical
modeling.

According to [7], mathematical modeling has an
important role in developing elementary students'
mathematical  reasoning  skills in  Singapore.
Mathematical modeling plays an important role in
establishing a logical connection [8], where logical
thinking is part of the reasoning [9]. Mathematical
modeling includes dealing with problems, making
problems, reasoning, and mathematical structure to
change a situation, so it can be considered that
reasoning is part of mathematical modeling [10].

Research discussing mathematical reasoning skills
using visual-formed problems was rarely found. That is
why the visual-formed problem was used in this
research because visualization has an important role in
solving a mathematical problem, helping students
explore  mathematical questions, and making
mathematical concepts more meaningful [11, 12].
Research performed by [13] shows that students'
performance is better when they solve visual problems
compared to ordinary text questions. Therefore, the

Copyright © 2021 The Authors. Published by Atlantis Press SARL.

Thisis an open access article distributed under the CC BY-NC 4.0 license -http://creativecommons.org/licenses/by-nc/4.0/.

311



ATLANTIS

PRESS

researcher explored junior high school students'
mathematical reasoning skills by implementing a visual-
formed problem using mathematical modeling learning.
Through a visual-formed problem, the researcher
described the mathematical reasoning skill of student-
grade VI1.2 of SMPN 6 Indralaya Utara.

2. RESEARCH METHOD

This was descriptive research with a qualitative
approach. This research aims to describe and provide an
overview of junior high school students' mathematical
reasoning skills through a visual-formed problem based
on the inverse proportion material. Subjects in this
research were 19 students grade VII.2 of SMPN 6
Indralaya Utara. This research was performed in the
even semester of the 2019/2020 school year.

Visual questions were used in this research during
mathematical modeling learning. The following is the
visual-formed problem used in this research.
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Figure 1 Visual-formed Problem.

Figure 1 above is a visual-formed problem used in
this research during the implementation of mathematical
modeling learning. The visual-formed problem was the
modified problem from National Examination questions
for junior high school about the inverse proportion. The
national examination problem was developed into a
mathematical modeling problem in the form of text by
adding context to sports uniform order. After that, the
text was developed into visual form by adding a picture
and reducing the use of words without changing the
problem’s meaning.

Meanwhile, post-test problems used in this research
were mathematic narrative questions without pictures in
the inverse proportion material aiming to observe
students’ mathematical reasoning skills in solving daily
life problems related to the inverse proportion material.
In this post-test question, the context used was relating
to the construction of a hospital building. The post-test
question used in this research can be seen in the
following figure 2.
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POST-TEST
1. To renovate a hospital bullding, a contractor needs 24 workers in 23 days. It
tumed out that 4 workers had resigned. Due to the difficulty of finding
replacements for the four workers, the contractor decided to continue to
employ the remaining workers and increase the working time How many

additional days are needed for the hospital building renovation to be fimished?

Figure 2 Post-Test Question.

The followings are the details of activities carried out in
this research.

2.1. First Meeting

In the first meeting, the activity carried out was pre-
test. The pre-test aimed to observe students' initial
competence relating to the inverse proportion that they
had already learned before, and the result of this pre-test
was used to form student discussion groups. These
discussion groups were then implemented in
mathematical modeling learning.

2.2. Second Meeting

In the second meeting, mathematical modeling
learning using visual questions was implemented. The
mathematical modeling learning using visual questions
was carried out in one meeting. Students worked within
the groups where the teacher guided them to work. Each
group was given a visual-formed problem containing a
table to help students to solve the problem. The visual-
formed problem given to each group was equipped with
Student Worksheets containing questions guiding
students to solve the problem. After working on the
visual-formed problem, the teacher chose two groups to
present their results in front of the class.

2.3. Third Meeting

A post-test was carried out in the third meeting to
identify students' mathematical reasoning skills in
solving daily life problems relating to the inverse
proportion. Indicators for mathematical reasoning skill
and scoring guidelines for post-test in this research is as
follow.
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Table 1. Indicator for mathematical reasoning skill

Indicator for Descriptors
mathematical
reasoning skill
Presenting written 1. Identifying information
mathematical needed to solve problems
questions and write it down in the
answer sheets
2. Formulating  problems
questions in the problem
Performing 1. Making a mathematical
mathematical model based on
manipulation information found in the
problem

2. Performing mathematical

Table 2. Scoring guideline for post-test
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calculations accurately to
solve the problem

Drawing
conclusions

logical 1. Stating the solution
obtained into sentences
according to the real-life

problem given

Indicators Answer criteria Score
Presenting written Identifying information needed Identifying information needed to solve 3
mathematical to solve problems and write it problems and write it down in the answer
questions down in the answer sheets sheets correctly and completely

Identifying information needed to solve 2
problems and write it down in the answer
sheets correctly, but not completely
Identifying the information needed to solve 1
problems and write it down in the answer
sheets, but the answer is wrong.
No response and answer
Formulating problems questions Formulating problems stated in the problem 3
in the problem correctly and completely.
Formulating problems stated in the problem 2
correctly but not completely
Formulating problems stated in the problem, 1
but still wrong
No response and answer 0
Performing Making a mathematical model Making a mathematical model based on 3
mathematical based on information found in information found in the problem correctly and
manipulation the problem completely
Making a mathematical model based on 2

Performing mathematical
calculations accurately to solve
the problem

information found in the problem correctly but
not completely

Making a mathematical model based on 1
information found in the problem, but still
wrong
No response and answer
Performing mathematical calculation to solve 3

the problem correctly and completely.

Performing mathematical calculation to solve 2
the problem correctly but not completely
Performing mathematical calculation to solve 1

the problem, but still wrong
No response and answer 0
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Drawing logical Stating the solution obtained Stating the solution obtained into sentences 3
conclusions into sentences according to the according to the real-life problem given

real-life problem given

correctly and completely

Stating the solution obtained into sentences 2
according to the real-life problem given
correctly but not completely
Stating the solution obtained into sentences 1
according to the real-life problem given, but
still wrong
No response and answer 0

Data in this research were collected through a test
and an interview. The test in this research was a post-
test consisting of one description item question about
inverse proportion. The interview performed in this
research aimed to observe students’ mathematical
reasoning skills and find how students' points of view
on problems relating to daily life and visual problems
were given. Data that had been collected were analyzed.
For post-test questions, students' answers to the post-test
question were corrected and scored a rubric. The total
score obtained was then used to determine the final
score to be obtained by students. After that, students'
mathematical reasoning skill was categorized based on
the score obtained. Meanwhile, data obtained from the
interview was in the form of recording, which was
converted into written form by referring to good and
understandable language.

3. RESULT AND DISCUSSION

3.1. Result

Following is the table of students’ mathematical
reasoning skill categorization.

Table 3 Categorization of students’ mathematical
reasoning skill.
The Range  Frequency Percenta-  Category
of Post-Test ge
Score
80 = Score = 100 3 15.8%  Very Good
60 = Score < 80 2 10.5% Good
40 = Score < 60 10 52.8%  Acceptable
20 = Score < 40 4 21,18 Poor
0 < Score = 20 0 0% Very Poor
Total 19

The following table shows the percentage of occurrence
of each indicator for mathematical reasoning skill.

Table 4 Percentage of occurrence of each indicator for
mathematical reasoning skill.

Indicator for Mathematical Reasoning Skill

Presenting Performing Drawing
written mathematical logical
mathematical manipulation conclusions
questions

74,6% 41,28 22.8%

Based on the post-test result, the researcher chose
two students as a subject for an interview related to
mathematical reasoning skills and students' point of
view on visual problems and mathematical problems
related to daily life. The two students were YP and
CPO, who were categorized in very good mathematical
reasoning skills. The researcher chose them because
they had good communication skills. The following is
the answers to the two subjects.
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Figure 3 The answers to YP subject.

Based on figure 3 above, in the indicator for
presenting written mathematical questions, YP wrote
information needed to solve the problem, but it was still
incomplete, and YP was not able to formulate the
problem questioned in the problem correctly. In
contrast, in the indicator for performing mathematical
manipulation, YP was able to make a mathematical
model according to the problem given correctly, which
was 20x=25x4, and YP was able to perform
mathematical calculation correctly to solve the problem,
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so YP was able to conclude the solution obtained that
was adjusted with the real-life problem.

YP was one of the active students during the
discussion in mathematical modeling learning activities.
In solving the post-test question, YP observed the
number of work that was not done by the resigned
worker and divided it with the number of the remaining
worker. YP's completion method was almost the same
as the complete method for the visual-formed problem
that had been given previously, which was in solving
the visual-formed problem when the students observed
the number of clothes order that was not done during the
day off and divided it with the number of remaining
days. Post-test question and visual-formed problem
given was the value turned comparison material having
the same type. Here is the complete strategy on the last
stage used in the visual-formed problem working sheet.

The mumber of orders for clothes that were not done due to holidays =3 x 18 = 34
Remaining days =22-13=9
The mumber of orders for clothes that were not done due to holidays 54

Additional workers = - ==
remaining days 9

Based on the explanation above, it can be found that
mathematical modeling learning used a visual-formed
problem that had been carried out to contribute to the
YP mathematical reasoning skill. Here is the interview
result carried out with YP:

R : Here, | would like to ask you about the lesson we

have learned in the previous meeting. What do you

think? Does the math lesson | taught yesterday required

you to memorize the formula? If it is yes, what formula

is it?

YP : Yes, math formula such as division, subtraction,
multiplication

R : So, it means you only use division, subtraction,
and multiplication, right. Ok. Next, what do you
think? Does the math lesson | taught you
yesterday made you feel happy to learn in class?
Why?

YP : Yes, it was so fun because | could learn while
playing

R : What do you think? Did the math lesson | teach
you were more interesting than math in the
textbook?

YP : Yes, it was interesting because it increased our
knowledge.

R : Do you want math to be taught as I taught you
yesterday? Why?

YP : Yes, because math becomes easy.
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R : Did the picture or poster provided in the math
lesson yesterday helped you to solve the
problems?

YP : Yes, it did. | could calculate and find the answer
easily.

Based on the interview, it was found that
mathematical modeling learning using a visual-formed
problem helped YP to learn in class happily, and the
lesson became more interesting. YP also considered that
pictures and table provided helped YP to calculate and
find the answer or solution for the problem
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Figure 4 The Answer to CPO Subject.

Based on Figure 4 above, in the indicator for
presenting written mathematical questions, CPO was
able to write information needed and formulate the
problem questioned correctly. In the indicator for
performing mathematical manipulation, CPO was able
to make a mathematical model based on the problem,
but it was still incomplete. CPO was able to perform
mathematical calculations correctly to solve the
problem. However, CPO was able to conclude the
solution obtained according to the real-life problem
correctly.

CPO was also one of the active students during the
discussion in mathematical modeling learning activities.
In solving the post-test question, the strategy or steps
being used to solve the problem was almost the same as
the step used by YP. Observing the volume of
remaining work, by dividing the work volume by the
number of work that could be done by one worker. In
solving the inverse proportion problem, CPO also only
used simple mathematical operations such as
multiplication, subtraction, and division, not only stuck
to a particular formula. Therefore, it could be found that
mathematical modeling learning using a visual-formed
problem contributed to CPO's mathematical reasoning
skill in solving a similar inverse proportion problem.

Here is the interview result carried out with CPO.

R : lwould like to ask you a question about the lesson
we have done in the previous meeting,
particularly in using the table. Do you think that
the math lesson | taught yesterday required a
formula or not?
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CPO: not really. We just needed division, subtraction,
addition, or multiplication.

R : next, did you think that the math lesson | taught
yesterday makes you feel happy to learn in class?
Were you happy if | also provided working steps
and the table in addition to the problem?

CPO: yes, because it became easier.

R : What did you think? Did the math lesson | taught
you were more interesting than math in the book?

CPO : Yes, it was interesting because it was simple.

R : Do you think we need to add lesson hours for
math if math is taught like what | taught? For
example, providing problems with pictures, not
only text.

CPO : yes, because | am not really good at math

R : so did you understand more than others if the
learning was carried out like yesterday?

CPO : yes

R : Did the picture or poster in the math lesson
yesterday help you understand what you need to
do and find?

CPO: yes, for example, when | was given table land
steps to fill in, I could simply look for the answer
fromiit.

Based on the result of the interview above, it could
be found that mathematical modeling learning using a
visual-formed problem that had been done helped CPO
to be happier to learn in class because the lesson became
fun and easy to understand. CPO also considered that
pictures and table provided helped CPO to calculate and
find the answer or solution for the problem, and the
problem-solution did not only stuck to in particular
formula, simply using simple mathematical operation.

3.2. Discussion

This research discussed the mathematical reasoning
skill of students grades VII/.2 of SMPN 6 Indralaya
Utara. It was shown by the result of students' post-test in
which mathematical modeling learning using visual
problem had been performed previously. Based on the
research result, it was found that mathematical modeling
learning using a visual-formed problem contributed to
the students' mathematical reasoning skills. It was
indicated by the percentage achievement of each
indicator for mathematical reasoning that was good
enough, especially in indicators for presenting written
mathematical statements and indicators for performing
mathematical manipulation. Besides, in indicator for
performing mathematical manipulation, some students
were able to do a mathematical calculation in the post-
test by implementing strategy when solving the visual-
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formed problem. Therefore, students did not stick to a
particular formula. They could simply use simple
mathematical operations such as multiplication,
division, subtraction, and addition. This achievement
was great, given that mathematical modeling learning
was only implemented once, and the students were able
to meet the indicator for mathematical reasoning skills
quite well.

The students also considered that the visual-formed
problem was more interesting and could be understood
easier than the problem in the textbooks presented in
only text form. This result was in line with the research
result conducted by [13], stating that students’
performance was better when they solved a visual-
formed problem compared to text problems. They also
became more interested in following learning activities
because it was fun and easy. It was also caused by the
provision of tables and students worksheets containing
questions leading students to be able to solve the
problem given.

4. CONCLUSION

The given visual-formed problem contributed to
students’ mathematical reasoning skills. The posters or
tables provided can help students solve the problems.
Visual-formed problems helped students interested in
the learning mathematics. Visual problems were more
attractive and easier to understand than problems in
mathematics textbooks. Besides, a visual-formed
problem that had been implemented was considered
useful in everyday life because it related to real-life
problems that were close to students. Students also
wanted mathematics learning using a visual-formed
problem to be taught more often in class.
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