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Abstract

This study aims to help students with poor mathematical skills communicate through mathematics. Two twelfth-grade senior high
school students consisting of a male student (S1) and a female student (S2), with low mathematical performance, were selected
as respondents. The subjects were determined by using the data pairing technique developed by Milles. Data were collected
through test and semi-structured interviews and then analyzed qualitatively. The result of this study revealed that there are
mathematical communication differences between male and female students. Both subjects presented mathematical ideas by
writing down important points from the test. They utilized mathematical notation correctly and represented ideas in graphics
adequately. The male student communicated their understanding better by connecting various concepts. At some point, they
could not describe thoughts using written words properly. This study is expected to provide benefits for teachers in designing
learning that can improve the learning outcomes of low-ability students.
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1. Introduction

Mathematics is close to the human scene, and human action cannot be separated from it (Lutfianto &
Hartono, 2013). The importance of this science makes mathematics universally studied and has
characteristics such as diverse mindsets (Putri & Aisyah 2020). Mathematics students should process
communication skills using various mathematical symbols (Qohar & Sumarmo, 2013). Thus,
communication becomes essential for students to learn mathematics (Lanya et al., 2020).

Communication is crucial for mathematics and mathematics education (Morgan et al., 2014). A crucial
component of learning mathematics is mathematical communication ((Rusyda et al., 2020; Sumaji et al.,
2020). Communication is central for students to build teamwork and formulate concepts (Lestari et al.,
2019; Mulawarman et al., 2021). Through communication, learners can organize, reflect, and clarify ideas,
relationships, and mathematical processes and develop mathematical ideas that impact future careers
(Vale & Barbosa, 2017). Students can also form new ideas and express them orally, in writing, or visually
(Lanya et al., 2020).

The learners have different skills in mathematics communication because many elements can affect
their ability to learn mathematics. One of them is gender. Gender differences impact differences in skill in
mathematics ability and act as a way of acquiring knowledge of mathematics (Wang & Degol, 2017; Zhao
& Perez-Felkner 2022; Xie & Liu 2023). Gender factor was caused by biological differences between male
and female brains (Zhu, 2007). Male students are more interested in mathematics than female students
(Halpern et al., 2007; Triana & Zubainur 2019).

The PISA, (2018) placed Indonesian students at 72 out of 78 countries regarding the soft skills of
Indonesian students in understanding mathematics (PISA, 2018). This low mathematical ability shows that
Indonesian students have relatively low mathematics communication. Therefore, Indonesian students
need to improve their skills in mathematics communication to compete with other students from various
countries (Kamaliyah et al, 2013). One of the exciting and essential mathematical concepts to learn is the
concept of limit (Oktaviyanthi & Supriani, 2015). Therefore, in this study, researchers are interested in
using the limit concept to figure out the mathematics communication skills of students with low
performance in mathematics.

1.1. Conceptual or theoretical framework

Communication in mathematics was known as mathematical communication. Mathematical
communication was defined as expressing mathematical ideas (Ontario Ministry of Education., 2005;
Rohid et al., 2019; Yusra & Saragih, 2016). Generally, mathematical communication consists of written and
oral mathematical communication. Written mathematical communication expresses ideas, understanding
mathematics, and realizing it in writing (Ontario Ministry of Education., 2005). At the same time, oral
mathematical communication is expressing ideas or mathematical understanding verbally by speaking,
and art to sharing knowledge with others (Pantaleon, et al., 2018a; Pantaleon, et al., 2018b).

The importance of mathematical communication for students as a concept of mathematical reflection,
a tool for organization, reinforcing learning, and personal development (Asikin & Junaedi, 2013). In this
aspect, the teacher's chosen learning paradigm may impact how well mathematical communication skills
are improved (Chasanah & Usodo, 2020). This shows that mathematics communication needs to be
expanded in mathematics education (Kamid et al., 2020).

Students are challenged to convey their ideas orally and in writing when communicated. It might
enhance their conceptual knowledge. Mathematical communication allows the student to share his ideas
with others (Chung et al., 2016; Klang et al., 2021). Mathematical communication involves sharing support

134


https://doi.org/10.18844/ijlt.v15i3.9129

uddin, P.P., Aulia, A., Rizal, M., Nasir, R., Muhammad, B. & Hasanah, S.U. (2023). Mathematical communication of students with
low performance in mathematics. International Journal of Learning and Teaching. 15(3), 133-146.
https://doi.org/10.18844/ijlt.v15i3.9129

about mathematics (Kaya & Aydin, 2016). In addition, it was needed to know the extent of students'
understanding of symbols and mathematical concepts (Ratnasari et al., 2018). Communication can help
teachers understand students' ability to interpret the various forms of their mathematical understanding
(Harianja, et al., 2020).

Research from (Firdiani et al., 2020) shows that only a few students can express, understand, and
present mathematical ideas. (Lanya et al., 2020) found that female learners are more prominent than male
learners in solving the mathematical problem in writing, which was obtained by studying both
mathematical communications. (Pantaleon, et. al., 2018a) Points out that this research also focuses on the
mathematical communication of men, which is more accurate than that of women. Responding to this
situation requires further study of mathematical communication. Knowledge about students'
mathematical communication can help the teacher design the learning process to optimally develop
mathematical communication to achieve the learning goals (Sfard, 2001).

Middle school students from Vietnam reacted in mathematics communication and presentation to
research conducted in which an uncomfortable learning environment caused students to lose motivation
to engage in learning activities; as a learning environment is also an important factor in learning (Ramazan
et al., 2023; Berlin & Cohen 2020). A necessity for boosting self-confidence and inspiring students to
participate in learning activities and be flexible in using mathematics to solve real-life problems is the
construction and structuring of learning circumstances for students to be involved in mathematical
communication. The inventive orientation of education by the growth of students' mathematical
competence is another benefit of mathematical communication. Therefore, it is concluded that it is
necessary to renovate education and build steps to grow students' mathematical communication
competence in teaching mathematics to be competitive and high-quality (Uyen et al., 2021).

1.2. Related Research

There are several previous studies related to this research. A study (Qohar & Sumarmo, 2013) suggests
that students' mathematical communication abilities affect their mathematical skills. Independent
learning can be used to enhance mathematical communication abilities (Arcoverde et al., 2022). According
to other studies, it is crucial to teach students mathematics to develop their understanding of the subject.
Students' mathematical communication abilities also help clarify the innovative teaching approach by the
development of students' mathematical competence, increasing student accountability, and activeness,
being proactive in building mathematical understanding, building solid knowledge, and forming and
developing the ability to connect learning mathematics with practice. For pupils to gain proficiency and
quality in mathematics, efforts to improve their mathematical communication skills are required (Uyen et
al., 2021). Meanwhile, this study will examine gender inequalities in the mathematical communication of
low-ability high school pupils.

1.3 Purpose of the Study

Clear communication of ideas is facilitated by mathematics, which also serves as a social learning
exercise. Furthermore, the significance of mathematical communication is consistent with the goals of
studying mathematics. While there has never been any study that specifically looked at the mathematical
communication of Palu City high school students with weak arithmetic skills. This study aims to provide a
more thorough description of mathematical communication among high school students with weak
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mathematical skills. The researcher attempts to address the following study topics to reach this goal: How
well do students in Palu, Indonesia, with soft math skills, communicate with one another?

2. Method and Materials
2.1. Research Model

This kind of research uses a qualitative descriptive methodology. To get a detailed description and
understanding of the scenario, research is done by looking at an ideal situation. The subject of the study
is the mathematical communication of pupils on constrained material with weak math skills.

2.2. Participants

Students in the senior high school in Palu, Indonesia, who were in the twelfth grade, served as the
research subjects. The selection of students with low mathematics abilities is carried out by paying
attention to the distribution of mathematical skills and gender aspects in social characteristics and
behavior during school. The Mathematical Ability Test consists of 20 questions adapted from the National
Examination. The grouping of students' mathematical ability levels refers to the opinion of which is high if
the test score is 80 < score test < 100, moderate if the test score is 60 < the score test < 80, and low if the
test score is < 60.

2.3. Data collection instruments

Instruments are utilized as the data collection tools. Both the supporting instruments and the primary
instruments are under issue. The principal tool in qualitative research is the researcher, who also serves
as the data collector, processor, analyst, and report writer—supporting tools in the form of interview
instructions and restricted material assignments. This test is used to explore written and oral mathematical
communication on research subjects. The material presented in this test is limited to the intuitive
understanding of limits. Before being used as a supporting instrument, the material was first discussed
with the supervisor and validated by a mathematics teacher at a high school in Palu City, Indonesia.

2.4. Data collection process

The data collection process was carried out by giving limited material assignments to the subject.
Obtaining an overview of students' mathematical communication is continued by conducting in-depth
interviews with the subject. The interview consists of a series of questions that have been designed as
reference material or guidelines during the interview, but these questions can be developed or adapted
to circumstances during the interview process (Kallio et al., 2016). Table 1 shows the aspect indicators
used.

Table 1
The aspect of math communication
Relation Description
Describing mathematical ideas Describing mathematics ideas by speech

Describing mathematical ideas by writing
Using mathematical terms also notation
Express mathematical ideas visually in different types
Understanding the ideas presented  Understanding ideas presented in written form
Expressing the meaning of ideas presented orally
Reveal the relationship of various concepts
Explain/ present mathematical Explaining mathematical ideas verbally
ideas Explaining ideas accompanied by the use of terms and mathematical
notation
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Explaining ideas by connecting various concepts

2.5. Data analysis

Data analysis in this study refers to techniques developed by Milles et al., (2014), namely data
condensation, data presentation, and conclusion (Figure 1). The method of selecting, concentrating,
streamlining, abstracting, and changing data from observations, field notes, video recordings, and
interviews is known as data condensation. The presentation of data in this study is a collection of
information that has been organized which allows for conclusions and action. Next is the analysis activity,
which includes drawing conclusions and verification.

Figure 1
Data Paring Design

Describing
Verbal mathematical ideas
Understanding the —
ideas presented f‘ Data f‘
Non-verbal Presenting L] Analysi
(Writing) mathematical ideas nalysis

The study, its findings, and reporting conformed to the ethical standard of seeking informed consent,
observing anonymity where necessary, and not harming people, organizations and environment.

” Condensation

Mathematical
communication

Presentation

Conclusion

Female
student

2.6. Ethical consideration

3. Result
3.1. Male students with low mathematics ability (S1)

Figure 2 shows the results of the test and S1 interviews in describing mathematical ideas. Figure 2
shows an analysis of the data from the S1 interview in describing mathematical concepts orally, where S1
describes the ideas using language and without being long-winded. S1 describes limits as an
approximation, presents the notation of limits, and pronounces them correctly. Then S1 describes
several different approaches. S1 then describes the left and proper limits according to his understanding
to reveal the relationship between the two. S1 can visually represent ideas through graphs and explain
them verbally.

Figure 2
S1's doodles while describing the answer
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The results of the S1 test when describing mathematical ideas in writing are presented in Figure 3.
Figure 3 shows that S1 can describe the concept by presenting the essential points of the limited material.
S1 can also present ideas using their language briefly and accompanied by appropriate mathematical
notation, but the difficulty in describing ideas using words in writing is shown through an ambiguous

presentation of ideas in describing the characteristics of limits.

Figure 3
Output of S1 limit material test
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3.2. Female student with low mathematics ability (S2)

Figure 4 shows the results of material tests and S2 interviews in describing mathematical ideas. Figure
4 shows that S2 describes an idea in a long-winded manner and can present limited notation but is
wrong in saying it verbally. S2 can also represent ideas visually in graphs and explain them but tends to

be less confident in describing their understanding, which has resulted in several mistakes in the use of
mathematical symbols.

Figure 4
S2's doodles when describing
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The results of the S2 limit material test when describing mathematical ideas in writing are presented in
the following Figure 5. Figure 5 shows that S2 can give the essential points of the limited material and use
short sentences accompanied by an appropriate mathematical notation. S2 describes the left limit and
proper limit as a choice of methods to find a function's limit value. This ambiguous expression of ideas
shows that S2 has difficulty describing ideas using written words.

Figure 5
Output of S2 limit material test
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4, Discussion

When describing a mathematical idea orally, S1 stated the limit as an approach. It succeeded in
presenting the Lim f(x) = L notation correctly and mentioning it correctly. Then S1 shows that x — c is
X—C

an approximation to the limit, presenting several examples of different approaches, namely x = 1 and
y = c. Furthermore, S1 describes the nature of the limit, namely, "a limit can be said to exist if it has the
same left and right limits" and reveals the left and proper limits one by one. S1 describes the left limit as
an actual number to the left of point ¢ and the appropriate limit as an actual number to the right of point
c. In addition, S1 managed to represent &l_r,? f(x) = L in graphical form. Paroqi et al., (2020) found that

male students can state problems in graphic form. Graphs can be used to communicate in mathematics
(Lanya et al., 2020). After the observation was extended, S1 had no difficulty describing their mathematical
ideas orally, and the subject could express their understanding well, firmly, and using clear sentences.

When describing mathematical ideas in writing, S1 presents mathematical ideas by writing essential
points from the material. S1 presents the definition of limit accompanied by the correct notation. S1
describes the nature of the limit by presenting the notation Lim f.(x) = L = Lim f. (x). Furthermore,

Xx—c™ X—C

S1 defines the left limit and proper limit and presents the notation of both correctly, namely Lim f(x) =L
xX—C
and Lim f(x) = L. This is appropriate to (Aini et al., 2020) that the mathematics communication of male
X—C

students can use mathematics notation. Until finally presenting the sentence "limit can be defined if the
values from the left and right can be defined except the value of c itself," the presentation of unclear
sentences and corrections on the test results may indicate that the subject has difficulty expressing
mathematical ideas using words in the text—written form. The low ability of students to change and
describe their understanding can impact low mathematical communication (Sari et al., 2018). Thus, it can
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be concluded that S1 can orally express mathematical ideas but has difficulty describing them in writing.
In addition, S1 can use mathematical notation and represent it visually in graphs.

When S2 described a mathematical idea orally, S2 stated the limit as an approach. It presented the
Lim f(x) = L notation correctly but incorrectly stated it verbally. S2 shows that x — ¢ is an approximation
X—C

to the finite limit and presents several examples of different approaches, namely, x - 0 and y — 0. Next,

S2 describes the left and proper limits one by one. S2 reveals the left/right limit as an approximation from

the left/right of the point and presents the notation of both Lim f(x) and Lim f(x). However, S2 had
X—C X—C

difficulty describing the process of finding the grade of the left and proper limits, and the subject could

not express her understanding clearly. Finally, S2 connects the left and proper limits, namely, "the limit is

said to exist if the left and right limits are the same." In addition, S2 represents Lim f(x) = L in graphic
X—C

form. Graphs, diagrams, symbols, and equations can be used to communicate in mathematics (Aini, et al,
2020). After the extension of the observation, S2 had difficulty describing her mathematical ideas verbally,
the subject tended to be in a hurry and was not confident, so there was an error in the use of variables to
show the approach to the function f(y), the subject also made a mistake when placing the x and y axes
on the graph %ercl f(x) = L. However, the subject immediately identified and corrected errors when the

researcher asked. (Kamid et al., 2020) found the issue of verbal and mathematics communication of female
students was less confident.

When S2 described mathematical ideas in writing, S2 presented mathematical ideas by writing essential
points from the limited material. S2 defined limit as an approach to the value of c and then presented the
limit notation using the symbol term Lim f (x) = L. S2 describes the left limit and proper limit. It presents

X—C

both the notation correctly, namely Lim f(x) = L and Lim f(x) = L, finally revealing that "limits are
X—=C X—C

said to exist if they have left and right limits. the right limit is the same". This is appropriate with (Lanya et
al., 2020) research that female students' mathematical communication can use mathematical notation.
However, S2 revealed that the left limit and the proper limit are two ways to find a function's limit value.
This sentence contains a double interpretation because it places the left limit and proper limit as a choice
of methods that can be used to find the limit value. The test results presentation of ambiguous sentences
and doodles indicated that the subject had difficulty expressing mathematical ideas using words. The soft
skills of changing and describing their understanding can impact low mathematical communication
(Budayasa & Lukito 2019; Sari et al., 2018). Thus, it can be summed up that S2 has difficulty describing
mathematical ideas orally and in writing. The subject uses unclear sentences and lacks confidence in
communicating their understanding. S2 can use mathematical notation and represent %i_g:lf(x) =L in

graphical form.

S1 can verbally express the entire meaning of mathematical ideas. S1 has no difficulty expressing it
verbally, and the subject can say his understanding clearly and confidently. This shows that the issue
understands the whole idea. S1 initially expresses an approximation to the limit and states, "limit f(x)
where x approaches variable ¢ equals variable L" The incorrect use of the term variable indicates that S1
cannot use mathematical terms correctly. After the observation extension, it is known that S1 understands
the variables as all real numbers contained in an equation.

S1 then stated the nature of the limit, namely, "a limit is said to exist if it has the same real function
value approach from the left and right," and explained how to obtain its value. S1 further reveals the left
limit and proper limit. Through extended observations, it is known that the subject understands the left
boundary and proper limit only to the numbers around point c. Then, when these numbers are substituted
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into f(x), it will produce an L value called the approach. Finally, S1 confirms that the left/correct limit and
the approach to the value of the objective function from the left/right have different meanings. However,
S1 can show thatx = ¢~ and x = ¢t are approximations of the left and proper limits. The subject implies
that it is possible that the limit of a function is not determined at point c itself and provides an example
before attempting to describe the limitations that the value of f(x) approaches L when x approaches c and
that are specified in an interval comprising c. However, the subject could not communicate the idea in
writing, so the use of sentences that were unclear and tended to be meaningless was found.

Thus, it can be concluded that S1 can express the meaning of ideas presented orally in clear and
confident sentences. This strengthens the findings of (Kamid et al., 2020) that the oral communication of
male students tends to be straightforward, provides many explanations, and answers firmly and
confidently. Through this process, it is known that S1 has misconceptions about the left and proper limits
and cannot correctly use mathematical terms, namely variables and substitutions. (Lee, 2015) state that
communication contributes to students' conceptual development.

S2 has difficulty expressing the meaning of the ideas presented orally, and the subject expresses her
understanding convolutedly, so it is difficult to understand. S2 initially expresses "limit as an
approximation to the value of c." S2 states that c is an actual number approximated by x, and L is the limit
value of the f(x) function. Furthermore, S2 tries to reveal the process of determining the limit of f(x), but
the subject has difficulty expressing the idea verbally. This is evidenced by the use of sentences which is
not clear and the subject statement, "/ know, but | do not know how to say it." In addition, S2 is wrong in
mentioning %I_I)I;l f(x) = L notation orally.

S2 then revealed the relationship between the left limit and the proper limit. A limit is said to exist if it
has the same left and adequate limits, so it is necessary first to know the value of both. However, S2 has
difficulty expressing the idea orally, and the subject uses convoluted sentences: "If the right and left
boundaries coincide, the limit is considered to exist. You must search for both to determine if they are
present or absent." Through extended observations, it is known that S2 understands the limit intuitively
and knows the relationship between the left boundary and the proper limit. S2 showed that x - ¢~ and
x — c* are approximations of the left and proper limits. Besides that, the subject also understands that "-
and +" are only symbols that show the direction of the number approaching point c.

Thus, it can be concluded that S2 understands the limited material intuitively and understands the ideas
presented in written form but has difficulty expressing their meaning orally. The subject states that her
understanding is convoluted, difficult to understand, and lacks confidence. This is consistent with Kamid
et al., (2020) results that female students frequently use long-winded, timid, and unconfident spoken
mathematical communication.

5. Conclusion

The mathematical communication of male and female students with weak mathematics abilities differs.
This difference does not appear in written mathematical communication but is significant in oral
mathematical communication. In verbal and mathematical communication, male students can express
their understanding using their language without being long-winded and confident. Female students
express their understanding in a convoluted manner, lack confidence, and use sentences that are difficult
to understand.

In written communication, both males and females present mathematical ideas by intuitively writing
down essential points from the concept of limits, using mathematical notation correctly, and successfully
representing ideas visually in graphs. However, both students were not able to present ideas in good
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mathematics. This is indicated by the presentation of ideas in writing using ambiguous sentences and
doodles on the material test results. The recommendation for further research is to organize education by
applying the right approach to develop and train students in mathematical communication, especially oral
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