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We would like to express our gratitude to all participant who were joining “The Third
International Conference on Combinatorics, Graph Theof, and Network Topology
(ICCGANT)”. It is the 3" International conference held by the CGANT Research Group held
by University of Jember in cooperatigp with Indonesian Combinatorics Society
(INACOBMS) on 26-27 October 2019. The conference is held to welcome participants from
many countries, with broad and diverse research interests of mathematics especially
combinatorial study. The mission is to become an annual international forum in the future,
where, civil society organization and representative, research students, academics and
researchers, scholars, scientist, teachers and practitioners from all over the world could meet
in and exchange an idea to share and to discuss theoretical and practical knowledge about
mathematics and its applications. The aim of the third conference is to present and discuss the
latest research that contributes to the sharing of new theoretical, methodological and empirical
knowledge and a better understanding in the area mathematics, application of mathematics as
wellas mathematics education. The themes of this conference are as follows:

(1) Connection of distance to other graph properties, (2) Degree/diameter problem, (3)
Distance-transitive and distance-regular graphs, (4) Metric dimension and related parameters,
(5) Cages and eccentric graphs, (6) Cycles and factors in graphs, (7) Large graphs and
digraphs, (8) Spectral Techniques in graph theory, (9) Ramsey numbers, (10) Dimensions of
graphs, (11) Communication networks, (12) Coding theory, (13) Cryptography, (14) Rainbow
connection, (15) Graph labelings and coloring, (16) Applications of graph theory The topics
are not limited to the above themes but they also include the mathematical application
research of interest in general including mathematics education, such as: (1) Applied
Mathematics and Modelling, (2) Applied Physics: Mathematical Physics, Biological Physics,
Chemistry Physics, (3) Applied Engineering: Mathematical Engineering, Mechanical
engineering, Informatics Engineering, Civil Engineering, (4) Statistics and Its Application, (5)
Pure Mathematics (Analysis, Al@ra and Geometry), (6) Mathematics Education, (7)
Literacy of Mathematics, (8) The Use of ICT Based Media In Mathematics Teaching and
Learning, (9) Technological, Pedagogical, Content Knowledge for Teaching Mathematics,
(10) Students Higher Order Thinking Skill of Mathematics, (11) Contextual Teaching and
Realistic Mathematics, (12) Science, Technology, Engineering, d Mathematics Approach,
(13) Local Wisdom Based Education: Etnomathematics, (14) Showcase of Teaching and
Learning of Mathematics, (15) The 21st Century Skills: The Integration of 4C Skill in
Teaching Math.
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There were 250 participants in ICCGANT 2019, consist of research students, academics and
researchers, scholars, scientist, teachers and practitioners from many counn'as. The selected
papers to be published on IOP Conference Series: Journal of Physics are 114 papers.

On behalf of the organizing committee, finally we gratefully acknowledge the support from

the University of Jember of this conference. We would also like to extend our thanks to all
lovely participants who have been joining this unforgettable and valuable event.

Prof. Drs. Dafik, M .Sc., Ph.D.
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Analysis of students’ verbal and written mathematical
communication error in solving word problem

M A Maulyda', A M Annizar?, V R Hidayati',and M Mukhlis*

"Mataram University
2State Islamic Institute of Jember

E-mail: anasannizar28@ gmail.com

Abstract. Communication is an important ability for every human being to have. In this
research, the focus of communication is on students' mathematical communication skills.
Mathematical communication is divided into two parts, namely written communication and
verbal communication. If students have good verbal and written mathematical communication
skills, then they are easier to express ideas and strategies and are able to write the stages of
problem solving well, especially word problem. This is because word problem requires special
attention in their solution. Therefore, it is necessary to analyze mathematical communication
errors experienced by students in solving mathematical word problem. This study aims to
describe the students' written and oral mathematical communication skills in solving word
problem. This type of research is qualitative-descriptive. The research subjects were three
junior high school students. Based on the results of the study, there were still students who
could not communicate their mathematical ideas well. Students' written communication error is
in converting problem sentences into mathematical models. Student’s writing problem solving
are still not in order or coherent. The research finding indicated that the students' verbal
communication skills are better than their written communication skills.

1. Introduction

Mathematical communication is one of the most decisive factors in the process of solving
mathematical problems. ThEJurgency on aspects of mathematical communication in solving problems
has been explained in the National Council of Teachers of Mathematics (NCTM) which states that
mathematical communication is on@BJ the basic abilities owned by children in solving mathematical
problems [1]. NCTM states there are four mathematical communication standardgin mathematics
learning. The four mathematical communication standards are students can (1) organize and
consolidate mathematical thinking through communication, (2) communicate mathematical thinking
coherently and clearly to peers, teachers, and others, (3) analyze and evaluate mathematical ideas and
strategies of people other; and (4) using mathematical language to present mathematical ideas
correctly.

Good mathematical communication can provide opportunities for students to present ideas and
strategies to solve mathematical problems clearly [2]. When students can convey their ideas in solving
mathematical problems properly, it can facilitate the teacher in identifying the concept or procedure
errors experienced by students [3]. Even though the mathematical ideas that students comrfffipicate are
wrong, when the teacher can understand the purpose of the student's answers. the teacher will be able
Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution

of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOL
Published under licence by IOP Publishing Ltd 1
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to detect where the errors experienced by students. Conversely, if students have good ideas but
students cannot communicate properly then the teacher will have difficulty in determining the right or
wrong mathematical ideas that are communicated by students [4]. Students who can communicate
their ideas well will indirectly affect the teacher's assessment of students' answers. The correct
mathematical idea will be wrong if it is not well communicated because of the wrong interpretation of
the person who reads or evaluates the student's answer [5]. Thus the mathematical communication
skills are very important owned by students.

To be able to measure the ability of mathematical communication skills, the need for mathematical
communication indicators. There are three indicators to measure the ability of mathematical
communication, namely (1) interpreting the purpose of the problem by paying attention to the
statement of purpose and completeness of the writing of the information provided, (2) displaying
justification by paying attention to the type of justification as well as the truth of the completeness of
the justification. The types of justification in question are vague / broad statefent (explanation that
cannot be understood), rule (use of special rules, algorithms, or definitions), procedural description
(explanation of what has been done at a step, without an explanation of why the step is valid),
relational justification (explanation of why a step is valid, suggesting an understanding link), (3) The
use of representations by observing the types of representations and the accuracy and completeness of
the representations used. The types of representation in question are verbal representations (students'
own language and mathematical terminology), iconic representations (schematics or pictures), and
symbolic representations (numeric symbols and / or algebra) [6].

Furthermore, there is the ability of mathematical communication can be improved by giving
mathematical problems, especially word problems [6]. This is because in solving word problems,
students need to make interpretations, justifications, and representations which are important
components in mathematical communication [7]. Word problems are mathematical problems in the
context of ev@jyday life presented in the form of mathematical sentences to be solved [8]. Word
problems can provide opportunities for students to develop skills in solving mathematical problems
related to everyday life [1]. In solving word problems, students must translate the questions and
change the mathematical sentences into mathematical models. The process of converting a problem
sentence into a mathematical model is called modelling [9]. In this modelling process, students often
make mistakes during problem solving. This modelling error is related to mathematical
communication indicators namely the use of representations.

Based on a research result, mistakes that are often made by students in solving mathemafgal
problems are errors in interpreting problem sentences and making mathematical models. This 1s in
accordance with the results of previous studies that most of the research subjects had difficulty
interpreting and making mathematical models when faced with a particular problem [10]. Another
study showed the same results that most of the research subjects made mistakes in choosing and
determining strategies to solve problems. One of the errors was in modeling problems in mathematical
sentences [11]. This error causes incorrect written mathematical communication. Modelling is one of
the most difficult steps for students to do. Errors in interpreting problem sentences will have an imfet
on students' mistakes in communicating their mathematical ideas [12]. Seeing this explanation, it is
important to be able to see written mathematical communication errors when understanding story
problems. Sometimes students' written communicati@] is still not good will impact on the difficulty of
the evaluation conducted by the teacher. Therefore, it is important to pay attention to students' verbal
communication skills. As teachers, if we can find out the mistakes, we can take action according to the
students' scaffolding needs. For students, this can train students in modelling the sentence problem so
that the ideas communicated can be in accordance with the purpose of the given word problem.
Previous studies that examined mathematical communication errors only focused on one form of
communication that is verbal or written only (most of them are written because indicators can easily
be made), in this study researchers used 2 forms of communication namely written and verbal in hopes
the results shown are increasingly valid and can find out the subject's weaknesses accurately. This
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implies that the main topic in gs study is to find the location of mathematical communication errors
both written and verbal subjects in solving word problems.

2. Literature Review

Communication is a fairly important part in school mathematics. Furthermore, NCTM explained that
communication can help students understand mathematics well [1]. Not only that, students who do
mathematical reasoning on a concept or solve mathematical problems well, then communicate it with
other students can build the ability to convince their opinions to others. Students who [Ejten to their
peers' opinions on mathematics will also enrich their knowledge and sharpen their mathematical
thinking. Students are expected to be able to solve problems systematically which are helped by good
communication skills in the community later [13]. Mathematical communication is divided into two
major parts, namely written and verbal mathematical communication [ 14].

Written mathematical communication is an intellectual activity that allows students to show their
mathematical ideas through writing [14]. Written communication allows students to explain and
illustrate deep mathematical understanding [15]. Mathematical communication of students can be used
by teachers as a tool to measure how far students understand mathematical material. For example, by
asking students to write coherent problem solving, the teacher can assess how far students understand
mathematical concepts. Students who write up the process of coherence will experience an increase in
the ability to solve problems [16]. Students who write down their thought processes in solving a
problem will more easily solve more complex problems and can evaluate their work independently
[17].

Oral mathematical communication in school mathematics is when students are able to say, express,
or discuss their mathematical ideas or understanding in everyday language [1]. NCTM added that by
using everyday language in communicating mathematical ideas, they will slowly understand the
definition of a mathematical concept with more formal language. Discussion in study groups is very
important to be applied in mathematics learning. Conveying thoughts into words that will be conveyed
in discussion helps students in compiling their reasoning for a problem [16]. This is reinforced by the
opinion [15] which states that one of the five competencies in communication skills is discussion. Oral
mathematical communication skills in the form of discussion skills can be raised by students by
continuously training them to share mathematical ideas and convey the work to a group of friends.

3. Method

This research is a qualitative-descriptive type because researchers will describe mathematical
communication errors made by students in solving v@@rd problems. This research aims to describe a
variable, symptom, or situation as it is. In addition, @halitative research is a research procedure that
produces descriptive data in the form of written or verbal words of the behavior observed students
[18]. The research was conducted at one of Junior High School in the province of East Java, Indonesia.
Researchers gave written tests to 30 students. Based on 30 results of student work, researchers selected
three results of student work that will be discussed further. The three subjects were then coded Y1, Y2,
and Y3. The three results of the subjects’ work would be analyzed in depth related to written and
verbal mathematical communication in solving the given word problem. Indicators used to analyze
students' written mathematical communication are obtained by combining mathematical
communication standards presented in NCTM and written mathematical communication indicators
and then adjusted to the step of solving word problems [1,6,19]. In addition, the subject will also be
given an interview to find out how the subject’s verbal communication skill. Following diagram is
flow chart about research method in this study.
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To measure the ability of communication subject, communication indicators are used shown 1n the

following Table 1 and Table 2.

Table 1. Written Mathematical Communication Indicators
Stages of Solving Word Problems  ritten Mathematical Communication Indicators

Write what is known and what is asked about the
Reading and comprehension problem using words or mathematical symbols
completely, clearly, and correctly

Translate the words into an
equation

Use symbols, variables, or mathematical equations
to model problems into mathematical sentences
completely, clearly, and correctly

a. Write the procedure or steps to solve the

Answer the problem

writing problem solving

problem completely, clearly and correctly
b. Use symbols, variables, or equations when
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Stages of Solving Word Problems ~ Written Mathematical Communication Indicators
a. Change sfBbols. variables, or mathematical
equations to the problem situation to write a

Encoding conclusion
b. Write conclusions and reasons when solving
problems in a complete, clear, and correct way

Table 2. Verbal Mathematical Communication Indicators
Stages of Solving Word

Verbal Mathematical Communication Indicators

Problems
Coherent Communicate the results of his work verbally with
coherent
Complete Communicate the results of his work in verbal
completely
Mention of mathematical Mention mathematical notation that exists in the
notation results of his work appropriately

Data that obtained from this research were test result data, interviews, and data validation of
research instruments. Research instruments are tools for collecting data [16]. The instrument used
consisted of the main instrument and supporting instruments. The main instrument in this research was
the researchers. Supporting instruments in this research were mathematics communication test sheets
in the form of word problems for two-variable lincar equation systems, interview guide sheets,
validation sheets for research instruments, and cameras. Data source was the result of students' work in
completing the test given along with information in the interview. Following are the mathematics
communication test given to students.

1. Hadi hendak membeli kaus pendek di Pasar Besar Malang. Di Pasar Besar Malang ada dua toko pakaian
yaitu toko A dan toko B. Toko A dan toko B menjual kaus dan sweater dengan kualitas yang sama. Kedua
toko memajang gambar kaus dan sweater beserta harga sebagai berikut.

TOKO A ey |
TEA pERA

w
"‘\/\a".‘\hﬁf\, @ys\
Py i'

Jika Hadi ingin membeli 10 kaus, sebaiknya Hadi pergi ke toko yang mana dan berapa uang yang harus
dibayarkan? Jelaskan alasanmu!

Figure 2a. Mathematics Communication Test Sheets Part 1 (in Bahasa)




ICCGANT 2019 TOP Publishing
Journal of Physics: Conference Series 1538 (2020) 012083 doi:10.1088/1742-6596/1538/1/012083

Hadi wants to buy a T-shirt in the Pasar Besar Malang. There are two clothes shops, namely
shop A and shop B in the Pasar Besar Malang. Shop A and shop B sell T-shirts and sweaters of
the same quality. Both shops display pictures of t-shirts and sweaters with prices as follows.

SHOP A SHOP B
?? 0 Rp 330.000 ?f ‘ Rp 330.000 |
SALE!
SALE! NOTHING HELD BACK!

e
ATA™ dam

If Hadi want to buy 10 T-Shirts, where should He go and how much money should be paid?
Explain your answer.

Figure 2b. Mathematics Communication Test Sheets (in English)

Results

e results of the work of 30 subjects given test sheet showed that there were still many students who
solved the questions incorrectly. Subjects who failed to complete the test made mistakes in
understanding the sentence so that the results of the written mathematical communication carried out
were also inacc@lte. In addition, there were also students who make mistakes in calculations when
solving the test. Based on the analysis conducted by researchers, the results of student work tended to
be divided into 3 categories presented in the following diagram.

Students' Work

W Incorrect modeling and
wrong final results

W Correct in modeling but the
end result is wrong

¥ Correct in modeling and
correct the end result

Figure 3. Students” Work Result

The diagram in figure 3 above showed that 11 students experienced an error when modelling
mathematical sentences to solve the problem. This error showed that students could not understand the
sentences properly, so the written mathematical communication presented in the results of their work
became inappropriate. There were 14 students who can made mathematical models well but made
calculation errors that caused wrong final result. Finally, there were 5 students who could make a
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mathematical model and the final result was also true. Based on the results of the whole subject which
was divided into 3 categories, the researcher chooses | subject in each category for further discussion.
Subject Y1 was a subject that made mistakes to make mathematical modelling. Subject Y2 was a
subject that can make mathematical models well but made mistakes in calculations so the final result
was wrong. Subject Y3 was a subject that could make mathematical models well and the final result of
his work was also correct.

5. Discussion

5.1 Test Resultof Y1

Subject Y | was a representative of 11 students who made mistakes in modelling sentence problems in
the form of mathematical equations (mathematical modd#) even though making mathematical models
was the basis of solving mathematical problems. This 1s in accordance with the results of previous
research which states that mathematical modelling is a very important process for students to solve
story problems [20]. Errors in creating mathematical models are shown in Figure 3 below.

4
o " &
Store A
Total of Sweater 2 B 4 1y - g So the price of 1
Tatal of T-Shirt 3 - b ! sweater is 147.500
and the price of 1
X 1 shirt is 92.500
Store B S RICER
Total of Sweater - = l 3o + 5y = Fof.00 q
Total of T-Shirt roJ e x = F00000 -~ 177.520 )
Figure 4a. Y I's Work Part 1 Figure 4b. Y1’s Work Part 2

The Y1's work that were given a red coloured box in Figure 3a shows that Y1 made a mistake in
understanding the sentence problem and making mathematical equations. Y1 made a mathematical
equation by adding the number of sweaters and T-shirts in each store even though the information was
given in the problem that the prices of each package offered at the two stores are different. Y1 made
the mathematical equation with the aim of finding the price of one sweater and one shirt, assuming
that the price of each item is the same. This can be seen from the results of the conclusions made by
Y1 when finding the price of one sweater and one shirt. When writing the mathematical equation, Y1
also did not write the definition of the variables used. In addition, Y also did not write the questions
asked in the answer sheet. Calculations made by Y1 are correct, Y1 understood that the solution of the
two-variable linear equation system problem used the elimination-substitution method (mixed
method). However, Y | had an error in understanding the given word problem. The conclusion written
by Y1 did not match what was asked in the problem, which is to determine which store sells the
cheapest clothes, which mean the price of one sweater and one shirt at shop A and shop B were
different. That was because Y1 experienced an error from the beginning of the process in solving the
word problem, and had an impact on the wrong final result

Based on interviews, Y1 communicated their work mathematically and coherently. As written, Y1
coherently explained that the purpose of the problem was to find the value of x and y. When asked
what were x and y, Y1 answered that the symbol was to express the sum of shirts and sweaters
respectively. If examined more deeply the pronouncing of this symbol was slightly inaccurate because
in fact the correct information was not the sum of shirt or sweater but the number of shirt or sweater.
In addition, the problem solving steps could also be explained by Y1 correctly but the understanding
of the problems given was still not right. The Y1 also stopped explaining when he had found the price
of a sweater and a shirt.
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Error in making the mathematical equation caused the solution made by Y1 to be wrong. Although the
calculation process carried out by Y1 was correct but because of an error at the beginning, that is in
understanding the sentence, the final result was wrong. This was consistent with the statement that
making mathematical equations from word problem in order to solve word problem was a crucial
factor in the success of problem-solving [20]. When the student made a wrong mathematical equation,
the final result of students” work also became wrong.

3.2, Test Resultof Y2

Y2 was a representative of 14 students who made mathematical model (or mathematical equation
derived from problem) correctly but made calculation errors in finding the final results. In this regard,
Y2 used a method of elimination-substitution to find the price of one sweater and one shirt at each
store. This was consistent with research that found that elimination-substitution was a method that was
often used by students to solve problems related to a system of two-variable linear equations [21]. This
can be seen in Figure 4 below.

] L b
. e eap o B SR
Stare LA = 2p 12 S N $5-000
i tpAaa - oo
v 200
00
gaeo T sl
pefyr A AT g Wl
», 128 (=2
)
*10 T-Shint el » 36
, BLD.OE
——

Sothe price of 1 sweater is 147.500 and the price of 1 shirt is 92.500

*10T-Shirt -IO*D'W 10 T-Shirt in Stare A . CPFENT
d = LG40 CCL
'5_2/;‘_,_ o > 10 T-Shirt in Stare B fa

Figure 5. Y2's work

Figure 5 showed that Y2 made a mistake in the calculation. Although Y2 did not write anything
about what was known and asked, Y2 did mathematical modelling correctly. This could be seen in the
grid lines in Figure 4 where subjects modeled the word problem into a system of two-variable linear
equation using the symbols p and x. However, the circle in Figure 4, showed that Y2 made a
calculation error. The blue circle showed that x — 2x = 2x operation was certainly wrong, the result
of x —2x should be —x. In addition, the vellow circle showed that the Y2 made a mistake in
calculating the value of the variable p. The error of algelggic operations like this often occurred in
students in accordance with the results of research which states that there are still many junior high
school students who made mistakes in algebraic operations. Because the calculations made by Y2
were wrong, the final results obtained were also wrong. However, it needed to be appreciated when
Y2 changed the form of answers from sentences problem to the mathematical equation to answer main
question of the problem.

Based on interviews the Y2 communicated his work coherently, even though something unique
happened when the subject explained his work. Y2 did the complete problem-solving process, he even
revealed that p and x stated the number of shirts and sweaters. There was no problem when the subject
mentioned the method name and symbol used. The unique thing happened when the subject
communicated the results of his work verbally. Shortly after completing modelling the problem into
mathematical equation, Y2 was silent for a moment, less than 1 minute the subject realized the
mistakes he made and began to correct the answer. When asked whether double-check his work, Y2
claimed not to double-check at all, so errors like this often occurred. This is in accordance with the
previous research which stated that most students are lazy to check back the answers obtained when
finding only one answer [11].
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3.3. Test Resultof Y3

Y3 was a representative of 5 students who did modelling and calculation well so that the results of the
Y3's work were also correct. Y3 made mathematical modelling well, it could be seen from the
mathematical equation was in accordance with the sentence problem. This showed that the subject Y3
successfully interpreted the sentence problem into the mathematical equations [22]. These results were
shown in Figure 5 below.
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Figure 6. Y3's Work

Figure 6 showed that Y3 succeeded in making mathematical equation well. Calculations made by
Y3 were also correct. So that Y3 could solve the problem given in accordance with what was asked in
the problem. However mathematical communication errors are also seen where Y3 did not make
modelling of the objects in the problem. Y3 immediately made a solving stage without writing the
meaning of the symbols he wrote. Even though the final result of Y3's work was correct, Y3's written
mathematical communication skills were poor.

Slightly different from written communication, verbal communication of Y3 was very good. Y3
explained the problem coherently and started by telling how the essence of the problem then proceed

h modelling the problem very well to produce the right answer. When asked about the reason, Y3

1d not write down what is known and asked, Y3 argued that he did not have a specific reason to do
that and the most important thing was understanding the essence of the problem. This is in line with
the statement that most students have a cognitive style that is "fast" which mean that they do not want
to waste a lot of time to write down what was known and asked when working on mathematics
problems [23]. From how the subject explained coherently, completely, and correctly in explaining the
symbol or method used verbally, it could be categorized that Y3 had good verbal communication
skills.

6. Conclusion

Based on the results of research and discussion, it can be concluded that: (1) there still many
students who cannot communicate the results of their work well. Students' written mathematical
communication skills need to be improved. (2) Mathematical communication mistakes made by most
students are errors in converting problem sentences into mathematical models or equations. This is
related to the ability of students who are still weak in interpreting or understanding sentences in the
problem. (3) There are still many students who communicate their answers unclearly (neither coherent
nor complete). (4) Verbal mathematical communication of the subject is better when compared with
written mathematical communication. The subject can tell a problem, explain what is known to convey
the problem well verbally.
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Suggestions for educators are as follows; (1) Students need to get used to write answers in a coherent
and complete manner so that students are accustomed to communicate their mathematical ideas well.
(2) The teacher needs to give more math word problem to train students' sensitivity in interpreting
sentence problem into mathematical equation form. (3) The teacher periodically do the scaffolding to
correct students' mathematical communication errors. (4) The teacher should provide opportunities for
students to carry out verbal communicationso independently so that they can encourage themselves to
double-check the answers they have obtained.
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