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Mathematical communication competencies help students to
convey mathematical ideas orally and in writing. The purpose of
this study was to analyze students' communication skills in drawing
graphs of multivariable functions in advanced calculus courses.
This type of research is qualitative with descriptive methods. The
subjects in this study were 28 students of Mathematics Education
class 4B. This study used a stratified random sampling technique to
obtain 3 students consisting of high, medium, and low mathematics
competencies. The data collection instruments used were the
competency mapping test, evaluation test, and interview guidelines.
The results of this study are (1) students with high competence
excel at writing and making mathematical models, (2) students with
moderate competence have advantages in three stages, but there are
few errors in applying the agreement, (3) students with low
competence make mistakes at the third stage due to wrong in
formulating problems and designing problem-solving strategies.

ANALISIS KOMUNIKASI MATEMATIS MAHASISWA DALAM
MENGGAMBAR GRAFIK FUNGSI MULTIVARIABEL

ABSTRAK

Kata Kunci:

Kalkulus lanjut
Grafik fungsi multivariable
Komunikasi matematis

Kompetensi komunikasi matematis membantu siswa untuk
menyampaikan gagasan matematika secara lisan maupun tulisan.
Tujuan penelitian ini adalah menganalisis keterampilan komunikasi
siswa dalam menggambar grafik fungsi multivariabel pada mata
kuliah kalkulus lanjut. Jenis penelitian ini adalah kualitatif dengan
metode deskriptif. Subjek dalam penelitian ini adalah mahasiswa
Pendidikan Matematika kelas 4B berjumlah 28 siswa. Penelitian ini
menggunakan teknik stratified random sampling diperoleh 3 siswa
terdiri dari kompetensi matematika tingkat tinggi, sedang, dan
rendah. Instrumen pengumpulan data yaitu tes pemetaan
kompetensi, tes evaluasi, dan pedoman wawancara. Hasil penelitian
ini adalah (1) siswa dengan kompetensi tinggi unggul pada tahap
menulis dan membuat model matematika, (2) siswa dengan
kompetensi unggul dalam tiga tahap dengan sedikit kesalahan
prosedur, (3) siswa dengan kompetensi rendah lemah dalam ketiga
tahap karena salah dalam merumuskan masalah awal dan memilih
strategi pemecahan masalah yang tepat.
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1.  INTRODUCTION

Mathematics learning activities include the deliberate exchange of ideas through
classroom discussions through verbal, visual, and written communication. Classroom
activities provide opportunities for students to share ideas, clarify understanding, build
arguments, develop language to express mathematical ideas, and learn to see things from
another perspective. [1] [2]. Such learning activities will support the development of
student communication skills as stated in the principles of NCTM which consists of five
standard processes, namely problem solving, reasoning and evidence, communication,
connection, and representation [3]. Two reasons make communication skills in
mathematics important for students to have, namely (1) mathematics as a language,
meaning that mathematics is not only a tool for thinking, finding patterns, solving
problems, or drawing conclusions but also as a tool in communicating ideas be precise,
and careful and (2) mathematics learning as a social activity, meaning that learning
mathematics is a social activity, namely a tool for interaction between students and
between teachers and students [4] [5] [6] [7].

Mathematical communication helps students convey mathematical ideas both orally
and in writing which can be developed through the learning process of mathematics [8].
Mathematical communication is concerned with (1) connecting real objects, pictures,
tables, formulas, and diagrams into mathematical ideas, (2) explaining mathematical ideas
orally or in writing through real objects, pictures, graphics, and algebra; (3) states daily
problems in a mathematical model; (4) discuss and write down mathematical symbols; (5)
understanding the material, making conjectures, compiling arguments, formulating and
generalizing patterns; (6) formulate questions about mathematics [9][8][10]. One of the
appropriate materials to support this competency is drawing a graph of multivariable
functions in advanced calculus courses. In drawing graphics, students can represent their
creative ideas through pictures, diagrams, formulas, or by presenting their ideas/opinions
in front of the class.

Students who have good mathematical communication skills can solve mathematical
problems, construct their knowledge, then can convey it to others in a clear and structured
manner [17]. The measurement of mathematical communication skills is based on the
aspects of writing, making mathematical models, and drawing [18]. In the writing aspect,
students are asked to write down answers in their language, conveying clear, logical, and
systematic explanations. In the aspect of making mathematical models, students must be
skilled at making mathematical models of the questions given, operating the algebraic form
obtained, and performing proper calculations. Furthermore, in the drawing aspect, students
can draw graphs, diagrams, pictures, or tables accompanied by clear diagram components
to help students represent their ideas.

Mathematical communication uses language and symbols to communicate
mathematical ideas so that students can (1) reflect on learning independently and explain
their thinking logically; (2) formulating new concepts by developing existing concepts
through discovery and investigation; (3) express their ideas either orally or in writing; (4)
understanding mathematics material through a lot of reading; (5) ask the extent of their
mathematical knowledge; (6) assesses the flexibility of using mathematical notation and
its role in developing mathematical ideas [19] [20]. Giving challenges to students to
communicate orally or in writing can help deepen understanding of mathematical concepts
that have been learned, improve performance/performance in presenting information, and
reduce student anxiety in dealing with math problems [21][22].
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Based on the results of the researchers’ observations about the student's
communication skills are still low in solving multivariable function graph problems as
shown in Figure 1.
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Figure 1. Student Answers during Observations

Figure 1 shows that students are still unable to construct their knowledge in drawing
graphs of multivariable functions which is proven by students still thinking about cartesian
diagrams in two-dimensional space. The student cannot describe the x-axis, y-axis, and z-
axis in three-dimensional space. Then the chosen strategy is also not properly used so that
the wrong answer is obtained. Thus, it is necessary to communicate to students through in-
depth interviews to find out what they are thinking and taking in this way so that
scaffolding can be done to improve student thinking.

Other research about the weakness of student mathematical communication can be
overcome by applying project-based learning, problem-based learning model, and
combining it with collaborative learning [12] [13] [14] or using the video-tracker analysis
to measure communication skills [15]. Other studies use the Cabri 3D application to
overcome the communication limitations of students [16]. This is similar to this research
which uses a similar application, namely Geogebra 3D, but the difference lies in the
provision of scaffolding in the form of in-depth interviews to explore more students'
knowledge about what they think and why they choose this strategy.

2. METHOD

The purpose of this study was to analyze students' communication skills in drawing
graphs of multivariable functions in advanced calculus courses. This research approach is
qualitative with a descriptive method. The descriptive method is a research method that
describes a scientific condition or condition by describing it [23]. The research was
conducted in the 2019/2020 academic year at the University of Mataram. The research
subjects chosen were students of Semester 4 Mathematics Education for the 2019/2020
academic year who took the Advanced Calculus course totaling 28 students. Then 3
students were taken based on the calculation of their mathematical ability levels as
presented in Table 1.

Table 1. Students' Mathematical Ability Level

Ability Level Value Range
High x = mean + SD
Moderate mean - SD < x < mean + SD
Low x < mean — SD
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Information:

x = score of the mathematical ability of each student

Mean = average score of students' mathematical ability

SD = standard deviation of students' mathematical ability scores

In detail, this research procedure can be seen in Figure 2.

Source: [24]

Carry out literature studies

Carry out observations for the preliminary study

v

Focus on research problems

v

Give preliminary mathematical ability tests
to 28 students

v

Select 1 student in each category of high, medium, and low mathematical
ability.

v

Provide scaffolding with in-depth interviews to students who make
misconceptions, technical, and theoretical.

v

Reflect on problem-solving activities with Geogebra's assistive tools.

v

Analyze data from interviews and scaffolding

v

Suggestions and conclusions

Figure 2. Flowchart of Research Procedures

Activities undertaken include the selection of research subjects, giving test questions,
and online interviews. Indicators of students' mathematical communication skills in
drawing graphs of multivariable functions are presented in Table 2.

Table 2. Indicator of Mathematical Communication Ability

Aspect of Ability Indicator

Score

Writing

Making
mathematical
models

Provide explanations in a systematic, correct, clear, reasonable, and 4

logical manner.

Provide a mathematical, reasonable, and correct explanation even 3

though it is not logically arranged or there is a language error.

Provides a mathematical and logical explanation, but is only partly 2

correct
Most of the explanations are wrong

Make mathematical models and perform calculations correctly to obtain 4

the correct solution.

Make a mathematical model correctly, but there is a calculation error so 3

that the wrong solution is obtained

Wrong in making a mathematical model so that the wrong solution is 2

obtained

The answer does not lead to what was asked in the question or the answer 1

is not clear.
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Drawing Draw graphics correctly and be accompanied by complete explanations. 4
Draw a graphic with a few errors in writing down how to solve it. 3
Draw graphics only without a complete explanation. 2
The graph depicted does not match the requested question or the graph 1
is unclear.
Not answered 0

3. RESULTS AND DISCUSSION

The results of this study indicate that the research subjects in drawing multivariable
graphs have various mathematical communication skills. The diversity of mathematical
communication skills possessed by students shows the level of student understanding of
the Multivariable Function material.

Based on the mapping of mathematical abilities of 4A students using the formula
presented in Table 1, there are 12 students with high mathematical ability categories, 11
students with moderate mathematical ability categories, and 5 students with low
mathematical ability categories. Furthermore, 3 students were selected from each level to
represent each category of student mathematical ability. A discussion of mathematical
communication skills from each category of mathematical abilities can be stated as
follows.

3.1 Mathematical Mommunication Skills Obtained from The Subject of High
Mathematical Abilities
The description of students' mathematical communication skills with mathematical
communication skills can be shown through 3 indicators, namely writing, making
mathematical models, and drawing.
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Figure 3. M1's Answer at The Writing Stage

Figure 3 shows that M1 at the writing stage can correctly identify the problem by
what is known and asked about the questions. M1 chooses the right strategy in solving the
problem, namely by finding 4 coordinates of the points (x,y, z) through substitution to
z = 2x + 3y. However, M1 does not understand the definition of the axes, M1 writes the
intercepts of the x = 1 and y = 1 axes. So that M1 says x = 1 and y = 1 are axes, in
other words, M1 cannot yet distinguish which ones are axes and not axes.
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R : What do you know from question number 1?
M1 : There is a multivariable function z = 2x + 3y. Then | was asked to draw
the graph.
R . What strategy did you choose?
M1 : [I'm looking for points that intersect the x-axis, y-axis, and z-axis to help
me draw the graph.
R : Which do you mean by the intersection of the axes?

M1 : The point (0, 0, 0) is the intersection of the x = 0 axis, y =0 and z = 0.
Then the point (1,1,5) is the intersection of the x = 1 and y = 1 axes and
the point (1, 0, 2) is the intersection of the x =1 and y = 0 axes.

R : Trytodistinguish which is the axis and not the axis? In three dimensional
space, there are x-axis, y-axis, and z-axis, try to be careful ... are x =1 and
y =1 the axes?

M1 : Oo0...yesmaam..x=1andy =1 are notaxes. Maybe x =0, y = 0 and
z = 0 which are the axes because if they are drawn coinciding with the
axis lines.

R : Okay ... that's right ... the strategy you chose is correct but you have to be
careful when writing down how to solve it.
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Figure 4. M1's Answer at The Drawing Stage

Figure 4 shows that M1 has implemented the strategy chosen to draw the graph.
Next, M1 plots the coordinates of the points obtained, namely points (0, 0, 0), (1, 1, 5), and
(1, 0, 2). However, there is a new point that is plotted in the three-dimensional space
without any prior explanation at the writing stage and creating a mathematical model,
namely point (0, 1, 3). However, if checked again with the substitution to z = 2x + 3y, this
point satisfies the equation. At the drawing stage, M1 made a mistake in plotting points (1,
0, 2) and points (1, 1, 5). Thus, the final answer from M1 is still wrong because it is wrong
in plotting points (1, 0, 2) and points (1, 1, 5) so that the graphical image obtained is also
wrong. The stage of making a mathematical model can be seen from M1's answer in Figure
1 and Figure 2. M1 can write the mathematical model correctly and perform algebraic
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operations correctly. M1 can substitute the selected points to z = 2x + 3y then plot the
pomts and are connected to form a function graph.

R : What are the first steps you take when drawing charts?

M1 : First draw the x-axis, y-axis, and z-axis lines complete with the diagram
components.

R : OKgood. How do you plot the points?

M1 : If point (O, O, O) is right in the middle, while point (1, 1, 5) starts by
shifting 1 unit from 0 to 1 on the x-axis. Then it is shifted 1 unit to the
right parallel to the y-axis then shifted upward 5 units parallel to the z-
axis.

R . Take alook back at your picture, is it by the steps that you have revealed
earlier?

M1 : Ohh..yesmaam, I'min ahurry

3.2 Mathematical Communication Skills Obtained from The Subject of Moderate
Mathematical Abilities
The second subject in this study was a student with moderate mathematical ability,
namely M2. Furthermore, the mathematical communication skills possessed will be
analyzed at the writing, drawing, and writing stages of mathematical models. M2's answer
at the writing stage is presented in Figure 5.
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Figure 5. M2's Answer at The Writing Stage

Figure 5 shows that at the writing stage, M2 can already identify the problem well.
This is shown by writing and the M2 interview results in writing down what was known
and asked in the questions. However, at the stage of writing the mathematical model, M2
did not write down the complete completion procedure. It is shown from M2 not writing
the substitution process for several points obtained. M2 also did not check the points
obtained, but overall M2 did not make any mistakes in the calculation. M2's answer at the
drawmg stage is presented in Figure 4.

R . What do you know about question no.1?

M2 : Inthe problem, the function z = 2x + 3y has been given then | was asked
to describe the graph.

R : Howdo you solve it?

M2 : | took several points and then substituted them for the equation z = 2x +
3y.

R : What do you gain from taking these points?

M2 : | obtained 3 points that fulfill the equation, namely points (0, 0, 0), (1, 2,

8), and (2, 2, 10).
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R : Have you checked the 3 points? Do all of them fulfill the equation z = 2x
+ 3y?
M2 : I haven't checked yet ... (I'll check for a while)
Everything is correct ma'am ... has fulfilled the equation z = 2x + 3y.
R : OK... make it a habit to check your answer again. To make it easier to

check these points, also make it a habit to write down the complete
answer, including the process when substituting each of these points into
the equation.
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Figure 6. M2's Answer at The Drawing Stage

Figure 6 shows that M2 is quite good at point plotting. The three points plotted are
points (0,0,0), (2,0,8), and (2, 2, 10). There is 1 new point that was not found at the writing
stage, namely point (2, 0, 8) but that point also satisfies the equation z = 2x + 3y. M2
draws a graph using the left-hand rule as shown in Figure 7b). This is also permissible,
although it is generally agreed that drawing graphs on the Three-Dimensional Cartesian
diagram use the right-hand rule as shown in Figure 7a) to obtain a uniform answer. Overall,
M2 can graph the multivariable function z = 2x + 3y correctly.

ZA ZA

% D

i (a) Y (b)
Figure 7. (a) Right-hand Rule (b) Left-hand Rule
R : How would you graph the function z = 2x + 3y?
M2 : First, | draw the x-axis, y-axis, z-axis, and the coordinates of the unit
points. Then I plot the points (0,0,0), (2,0,8), and (2, 2, 10)

Indonesian Journal of Science and Mathematics Education (IJSI\/IE)|299



Indonesian Journal of Science and Mathematics Education

Ratna Yulis Tyaningsih, et al | Analysis of Student’s Mathematical ....
R : Did you use the right-hand rule or the left-hand rule to draw a three-
dimensional Cartesian coordinate system?
M2 : | forgot the order, actually, I also know by agreeing to use the right-hand
rule but I put the x and y wrong.
R : Yes, it is okay. Using the left-hand rule is also okay, but so that our

answers are all uniform, we agree to use the right-hand rule.
OK... Check again whether you have substituted the three points for z =
2X + 3y?

M2 : The three points have fulfilled the point, if substituted, I replace the point
(1, 2, 8) with (2, 0, 8)

R : Whydid it change?

M2 : Because when | drew the point, the lines formed almost coincide, so |
changed the point.

3.3 Mathematical Communication Skills Obtained from The Subject of Low
Mathematical Abilities
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Figure 8. M3's Answer at The Writing and Drawing Stages

Figure 8 shows that M3 cannot formulate the problem well so that the problem-
solving strategy chosen is also not right. At the written text stage, M3 is asked to graph the
multivariable function z = 2x + 3y, but M3 divides it into 3 stages, namely by finding the
equation for the resulting line when x =0, y =0, or z = 0 then combining the three the
equation that has been obtained and describes the result like the fourth image but the fourth
image obtained is also wrong. At the drawing stage, M3 can describe the three equations
of the resulting lines but when asked to graph a multivariable function it produces an
incorrect answer. While at the stage of making a mathematical model (a mathematical
expression), M3 did not make a mistake in operating the algebraic form that was formed
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and there was no mistake in making point substitution, but because the solution strategy is
chosen was not correct, the resulting final answer was also incorrect.

Figure 9. Screenshot of z = 2x + 3y Graph via 3D Geogebra Application

Figure 9 shows the scaffolding assistance to students with the 3D Geogebra application.
This application aims to reinforce the answers of M1, M2, and M3 in drawing multivariable
graphics because there is a feature of rotating objects so that they can develop students'
imagination in drawing multivariable graphs in three-dimensional space.

Thus, the results of this study show that students with high mathematical abilities
also have an impact on good communication skills by fulfilling all indicators but make few
mistakes due to the rush factor. Meanwhile, students with moderate mathematical abilities
tend to have fairly good communication skills on the condition that they have to pay
attention to several problem requirements. Meanwhile, students with low math abilities
tend to have poor communication skills because they are weak in formulating problems
and designing problem-solving strategies. In other words, it can be concluded that students
with low communication skills tend to be less good at planning problem solving so that
they show wrong results. Another study only uses computer aids in the form of Cabri 3D
to help students draw 3D graphics but this study not only using Geogebra's computer aids
but also providing scaffolding to students who have low mathematical skills until the
correct answer is obtained [25].

4. CONCLUSION

The results of this study can be concluded that students’ mathematical
communication skills with high mathematical abilities have an advantage in the writing
stage and making mathematical models, but there are a few errors at the drawing stage,
communication skills Mathematical students with moderate mathematical abilities have
excellences in all three stages, but there are a few errors in following the agreement which
should use the right-hand rule to the left-hand rule, the mathematical communication skills
of students with less mathematical abilities, make mistakes in all three stages due to
mistakes in formulating problems and designing problem-solving strategies so that the
final wrong answer is obtained. For other researchers who want to carry out similar
research, it is better if they pay attention to the mathematical communication skills of each
student not only based on their mathematical abilities but also in terms of gender, learning
style, motivation and interest in learning, and can test this relationship with further
experimental research. to obtain significant results.
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