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ABSTRACT

STEM is seen as an essential means of realizing informed citizens who benefit from national, regional, and local
policies decisions. This study reveals how the categories of students' mathematical communication in solving
STEM problems on the material of the two-variable system of linear equations (SPLDV). Mathematical
communication express mathematical ideas with symbols, tables, or other forms in mathematical language. The
qualitative research took students of SMP Negeri 2 Belitang I11, Indonesia and with 20 subjects. The data were
collected through tests and interviews, then they were analyzed through the stages of data reduction, data
presentation, and drawing conclusions. Instrument validation to obtain the validity of data. The results showed
three categories of mathematical communication, namely symbolic, visual, and text communication, in solving
STEM problems. Symbolic problem-solvers have the characteristics of students who can express real situations
given in language or mathematical symbols. Meanwhile, visual problem-solvers tend to express the situation of
mathematical ideas in the form of graphs, tables, or other forms. As for textual students, it is easier to express
situations into mathematical language or symbols. Future research can focus on students' mathematical
communication characteristics from the timing aspect, which highlights when problem-solvers communication
skills emerge in solving problems.

Keywords: Mathematical communication, Problem-solving, STEM, Two-variable linear equation
systems (SPLDV).

1. INTRODUCTION

The growth of the times today in the development
of technology and science demands something new in
education. STEM is seen as an essential means of
realizing informed citizens who benefit from national,
regional, and local policy decisions [1]. STEM s
learning that integrates two or more disciplines.
STEM-based education is an interdisciplinary field
that connects four disciplines: science, technology,
engineering, and mathematics [2].

Communication is an event that conveys
information/messages or ideas to each other in a
community [3]. Mathematical communication is the
skills in expressing mathematical ideas with symbols,
tables, diagrams, or other forms in clarifying
mathematical problems and delivered using
mathematical language [4]. Through communication,
the ideas conveyed can be communicated either in
writing or verbally [5]. Mathematical communication

is one of the essential basic skills, so students need to
have it in the standard of the mathematics learning
process [6]. The reasons for the importance of
mathematical communication in learning: a) through
the communication of mathematical ideas that can be
found from various perspectives, b) can sharpen the
way of thinking to increase the ability to see the
relationship between mathematical content, ¢) can
measure various mathematical understandings, d)
organize thinking processes, ) construct knowledge in
learning mathematics, develop problem-solving,
improve reasoning, foster self-confidence, and
improve social skills, and f) develop critical, rational
thinking, and social skills through writing and talking.

[71.

Communication in mathematics for the junior
secondary level is measured from three aspects: 1)
written text is to answer an image or model problem in
mathematical form based on their language, 2)
drawing is to reflect pictures, graphs, diagrams, and
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other forms into the form of mathematical ideas or vice
versa, and 3) mathematical expressions are to express
situations, pictures, or natural objects into
mathematical language or symbols [8]. In this study,
mathematical communication is defined as the ability
to reflect images, tables, graphs into mathematical
ideas with mathematical concepts or situations using
their language in writing mathematically and correctly
and expressing everyday events in language or
mathematical symbols.

Various previous studies examined STEM, namely
learning from STEM education to teach mathematics
and mathematics curriculum developed through
STEM-based activities [9][10]. The existence of
previous research that examines STEM shows that
STEM has a positive influence on the learning process
and solving mathematical problems. Relevant research
on mathematical communication is the teaching
approach in developing mathematical communication
[11], the  effectiveness of  mathematical
communication [12]. Based on research that examines
mathematical communication shows that
mathematical communication becomes vital in
communication problems in solutions. Based on the
literature review, a gap needs to be investigated,
namely how students' mathematical communication is
based on STEM problems.

This research aimed to reveal how the categories
of student communication in solving STEM problems.
This research needs to be conducted because the
research process aims to find out mathematical
communication in solving STEM problems. Suppose
there is no research exploring mathematical
communication in solving problems related to STEM
aspects in education. In that case, the level of student
communication related to STEM aspects cannot be
known. Thus, mathematical communication in solving
STEM problems cannot be increased because there is
no effort to improve their communication skills. After
all, mathematical communication is one of the abilities
that every student must have, and STEM is essential in
education.

2. METHODS

2.1. Research Design

This research used qualitative descriptive research.
Qualitative research uses a post-positivistic paradigm
to obtain in-depth description, understanding, and
interpretation [13]. The data also are the mathematical
communication ability of students in solving STEM
problems.
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2.2. Participants

Participants are junior high school (SMP) students
in the South Sumatra region, especially in the Belitang
111 section. Subjects came from class IX SMP Negeri
2 Belitang |11 taken by purposive sampling technique.
Subjects are participants who have received material
on a two-variable linear equation system (SPLDV) and
have communication skills in solving problems. The
number of subjects in this study was twenty students.
Then, the subjects described in the article were three
people whose data represented all the data. The
distribution of subjects based on the results of the
analysis carried out in the categorization of
mathematical communication can be presented in
Table 1.

Table 1. Subject distribution

Category Total

Symbolic subject 8
Visual subject 8
Textual subject 4
Total 20

2.3. Instruments

The instruments used in this study were
communication skills tests and interview guidelines.
Three validators validated the instrument. They are
mathematicians and education experts as validators
who provide suggestions to improve the quality of the
instrument to be used. The test instrument used was a
description test with a topic that contains indicators of
mathematical communication in solving STEM
problems. The validator suggested that the instrument
used already represents all aspects of measuring
mathematical communication skills in  STEM
problems. The three questions were given with the
material of a system of linear equations with variables
in descriptions.

2.4. Data Collection Method

This research used tests and interview guidelines
as data collection method. Subjects were given a test
of mathematical communication skills. The tests were
used to determine  students' mathematical
communication skills in  solving mathematical
problems related to STEM. The following is a
mathematical communication ability test instrument
tested on the subject as Figure 1.
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Source : keramikswarna.blogspot.com

Mr Arthur as the principal at SMP Negeri 2 Belitang 111, ordered a handyman to repair the damaged school
door. Before starting to repair, the craftsman bought four nails and one screw for Rp. 5,500. After repairing it,
it turned out that the repairman still needed nails and screws, so he bought another six nails and three screws

for Rp. 8,400.00. Determine the form of the two-variable system of linear equations in the story!

Using the graphical method, determine the solution set of the system of equations 3x + 2y = 18 and 3x +

6y = 30, with x and y where the solution variable is on the set of real numbers!

Source : jogya.comgembiralokazoo.com

Gembiraloka Zoo is one of the zoos in Central Java. Inside the zoo, there are various kinds of animals, including
Sumatran tigers and lions. Every morning, the zoo staff gives food rations in the form of chicken meat for the
tigers and lions to eat. The ratio given for two tigers and three lions is twenty chickens. One morning, a tiger
from another Java regional zoo was transferred to the Gembiraloka Zoo, prompting the zoo staff to add twenty-

four chickens. Determine the amount of chicken the zookeeper gave for a tiger and a lion!

Figure 1 STEM problem of mathematical communication System of Linear Equations Two Variables.

2.5. Data Analysis 3. FINDING

The stages of data analysis in this study are Based on the results of the tests given to students,
reduction, presentation, and conclusion drawing [14]. the researcher described data from one subject based
The reduction stage was carried out to select the on categories following mathematical communication
essential data needed to achieve the research abilities. There are three categories of student
objectives. The results of the data obtained were communication in solving STEM problems. The data
reduced to be presented in describing mathematical ~ exposure is presented as follows.

communication data based on several categories.
Furthermore, the researcher drew conclusions from the 3.1. Category 1: symbolic communication
results of the data obtained to answer the study's
objectives. The validity of the data was carried out by
implementing the triangulation method; the researcher
compares the data obtained from the results of tests,
interviews, observations, and documentation.

Figure 2 is the student answer sheet with the first
type of mathematical communication, namely
symbolic communication. Eight students can solve
problems related to technology, and engineering
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aspects that are given well based on the given situation

can create

a two-variable linear equation system.

Students write a system of two-variable linear
equations well based on real situations or objects in
language or mathematical symbols.
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Figure 2 One of the results of students' answers in
the symbolic communication category.

This is

confirmed by student statements in the

interview excerpts, as follows:

Researcher

Student

Researcher

Student

Researcher

Student

Researcher

Student

Based

: "How do you read, understand and
explain the story?

: "In the question asked the form of a
system of linear equations with two
variables and it is known that the
craftsman bought four nails and five
screws for Rp. 5,500.00 and the
craftsman bought six nails and three
screws for Rp. 8,400.00."

: "How do you turn the story problem
into mathematics?"

: "1 symbolize by x as the price of a
nail, and y as the price of one screw.”

: "Why do you use a mathematical
symbol for that mathematical
problem?"

: "The reason | assume is to make it
easier to work on the problem in
determining the form of a two-
variable linear equation system."

: "After getting information from the
question, what do you do?"

: "Determine two equations, for the
firstequation is4x = y = 5.500 and
for the second equation is 6x +
3y = 8400, so that from the two
equations, it becomes a system of
linear  equations  with  two
variables.”

on the interviews, students work on

problems that include aspects of technology and

engineering

in measuring mathematical

communication on the material of a two-variable
linear equation system. Students also can perform the
steps in solving problems. This shows that before
working, students understand the problem by
obtaining the necessary information. So, to proceed to
the next stage, students already have ideas that are
used to solve problems, namely symbolizing each
known price of goods to make it easier to determine
the form of a system of equations. On the other hand,
based on the answer sheets and the interviews,
students solved the problems given in determining the
form of a system of linear equations of two variables
based on real situations or objects in mathematical
form by using mathematical language or symbols.
Students can state the situation given in language and
mathematics because they first understand the
questions given to write down information about what
is known to be used as an example. Thus, students can
create a system of equations based on the examples
made. Based on interviews and answer sheets, the
researcher can conclude that students can determine
the form of equations of a two-variable linear equation
system that includes aspects of technology and
engineering in solving a problem well.

3.2. Category 2: visual communication

X Student errors in
{ ] expressing the situation
in graphic form.

Figure 3 One of the results of students' answers
in the visual category.

Students in the type two category of visual
communication express mathematical ideas in graphs
(see Figure 3) and solve problems that include aspects
of mathematics in determining the set of solutions.
There are eight students whose work results can
visually describe mathematical ideas in the form of
graphs. This is complemented by excerpts from the
interviews, as follows:

Researcher : "What is the purpose of the questions
you are going to do?"

Student : "Determine the set of solutions using
graphs."

Researcher : "What are the steps to solve the

problem?"
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Student : "Find the point of intersection of the

two equations. Each equation looks
for the point of intersection on the x-
axis and from each equation then
draws a graph.

Based on the interviews that students work on
problems that include mathematical aspects in
measuring mathematical communication on the two
linear equation material variables, students can solve
problems. This shows that before making graphs of
completion, students understand the stages that must
be done first, namely by determining the intersection
point of each equation to make appropriate and correct
graphs. Moreover, based on the answer sheets and the
interviews, students have not visualized the image
well. The graphs made by the students' coordinate
points are inconsistent, so that in making graphs, they
do not get the complete set in the form of an exact cut
point. However, indirectly students can visualize the
given situation in solving the given problem in the
form of a graph by determining the coordinate points
made on the x and y coordinate axes that the graph
passes. Based on interviews and answer sheets, the
researcher can conclude that the students' explanations
and completions in the interviews and the results of the
answers are slightly different. This shows that students
are not fully able to solve problems in making graphs.

3.3. Category 3: text communication

eredian  Sonki gots

te fot—s

EThe #biljty of students to pnswer an

page dr model problem ip the form
= \ . . .

jmathematics using their|language.

Figure 4 One of the results of student answers in the
text communication category.

In addition to the two categories, there is a type 3
category of text communication: answering an image
or model problem in mathematical form using their
language. Four students can be categorized in the type
of text communication. Based on the answers (Figure
4), category three students solve problems related to
aspects of science by collecting crucial information
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contained in the questions and then changing the
results of the information obtained into a system of
two-variable linear equations. Essential information
obtained based on the problems given must be
scrutinized. If not, students will be wrong in
determining the system of equations. The system of
equations that students have formed is then calculated
by substituting to get the value of x and y. Accuracy in
the work is essential to find the conclusion from the
existing problems. After obtaining what they get, the
first thing students do is to assume x for the portion of
chicken meat for a tiger and y for the portion of
chicken meat for a lion. Then, students create two
equations based on the information obtained and their
examples and change the equation 2x + 3y = 20 to
3y = 20 — 2x , which then substitutes the modified
equation into equation two to get the value of x = 4.
The next step that students take is to substitute the
value of x into equation 1, which has been converted
into 3y = 20 — 2x, to obtain the value of y = 4. This
is complemented by excerpts from the interviews, as
follows:

Researcher : "Please explain how you found the

answers obtained? ”

: "What I do is to read and look at the
questions given. Then, | make an
example, where x is the portion of
chicken meat given to a tiger and y is
the portion of chicken meat given to a
lion. Based on the example, determine
the system of linear equations that will
be substituted between equation one
which has been changed to equation
two, so that the value of y is obtained.
Then, the obtained x value is
substituted into  the  equation
containing the x variable to get the y
value result. As a result of the
substitution is executed by the value of
y = 4, so the result x and y values are
the same. "

Student

Researcher : "What conclusions do you make

based on the answers obtained?"

Student : "So a tiger and a lion each get 4

portions of chicken meat."

Based on the interviews that students have
described in working on story problems in the science
aspect to achieve communication indicators:
answering a problem description or model in
mathematical form using their language, and being
able to understand questions based on the information
obtained to solve problems using the substitution
method in obtaining the value of an x and y. So,
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students can make conclusions using their language
appropriately. On the other hand, based on the answer
sheets and results of the interviews, students answered
a problem of an image or model in the form of
mathematics using their language so that they were
able to solve it by obtaining the correct conclusion.
Students can interpret the steps in solving problems to
answer the amount of chicken meat given by
Gembiraloka zoo officials for a tiger and a lion using
the substitution method correctly. Then, relate it to
what is desired in the question using their language
briefly. Based on interviews and answer sheets, the
researcher can conclude that the explanations and
completion of students in interviews and the answers
can solve problems well. This shows that students can
answer an image or model mathematical problem
using their language based on the given mathematical
situation.

4. DISCUSSION

Based on the results of the analysis that has been
described, it can be said that the mathematical
communication possessed by students has not fully
met the measured mathematical communication
indicators because there are indicators that have not
been fully realized. Students belonging to the
symbolic communication category can make
mathematical models and a system of linear equations
of two variables based on the given situation in
questions related to technology and engineering
aspects. When getting the answers obtained, students
do not have difficulty in working on the questions.
Students first understand the problem to obtain the
information obtained to determine what is known so
that students can make an example that is used to
assume x as the price of one nail and y as the price of
one screw. The existence of examples made by
students makes it easier to determine mathematical
models so that students can analyze and determine the
system of linear equations of two variables correctly
on each mathematical model of each price presented
based on mathematical problems related to technology
and engineering aspects. This is in line with the
statements; students can express natural objects,
situations or everyday events in the form of
mathematical models well [15], the student's ability to
analyze and write mathematical symbols is in the high
category [16], and the success of students in
converting  mathematical ~ problems  become
mathematical models [17].

Students can visualize a problem in graph form
with  mathematical problems related to the

Advancesin Social Science, Education and Humanities Research, volume 597

mathematics aspect in the visual communication
category. To make a graph, the students first determine
the point of intersection of the x-axis and the y-axis in
each known equation in the problem. Furthermore, the
graph is made using the intersection component
obtained at the coordinates of the x-axis and y-axis, but
in finding the intersection point, the image is not
perfect because students pay less attention to the shape
of the graph that has been made and in determining the
coordinate points students do not keep a consistent
distance at each point.. This is what makes students not
fully able to visualize the situation given the problem
in reflecting it in graphic form. They can only apply
some information to draw graphs [18] and describe
problem situations in the geometric form [19].

Students can solve the problem well in the category
of text communication that uses its language based on
a given situation or mathematical model related to the
scientific aspect of the problem. This means that
students understand the situation based on story
questions to get information in solving a problem.
Thus, students can change the given situation into a
mathematical model that belongs to the category of
symbolic communication and interpret the steps to
answer the solution method, which is then used in
finding the desired result using their language.
Students chose the substitution method to solve
problems with students changing one of the equations
made to get the value of x and then substituting the
value of x into the other equation to get the value of y.
Based on the x and y values obtained, students can
determine how much chicken meat is needed for tiger
and lion tails to get conclusions from the answers
correctly based on mathematical problems related to
aspects of science. This is relevant to the statement that
students can write answers using their language and
complete them thoroughly [20]. The strategy of
solving a problem used is coherent and systematic
[21]. This is based on the fact that students who have
good self-confidence can convey mathematical ideas
either in writing or orally so that in solving some
problems, they can choose the correct method to use
[22].

5. CONCLUSION

This research concluded that there are three
categories of student communication in solving STEM
problems.  First, students in the symbolic
communication category had the characteristics of
students who could state real situations or objects
given in language or mathematical symbols. Second,
students in the visual communication category had the
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characteristics of students who could express the
situation of mathematical ideas in pictures, graphs,
tables or other forms. Third, the text communication
category had the characteristics of students could
express situations, pictures, or natural forms into
language or mathematical symbols.

The research results could be used as a theoretical
guide in mathematical communication research.
Further research can focus on students' mathematical
communication characteristics based on the timing
aspect, which highlights when problem-solvers
communication skills emerge in solving problems.
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