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Abstract. Mathematical communication in learning mathematics is very important and must be owned by students because it can regulate and combine students’ Mathematical thinking both in verbal and writing manner. The purpose of this study is to analyze the mathematical communication of students who have auditory and visual learning styles in solving linear program problems. This research employed a qualitative research method with a case study research design. This research involved 5 students who had studied Linear program material. They worked on some pre-designed mathematical communication problems and an interview was conducted afterward. The results of this study suggested that students with auditory learning styles and those with visual learning styles have different ways of communicating their thoughts and ideas.
1. 	Introduction 
Four competencies that must be possessed by 21st-century students are called 4C, namely critical thinking and problem solving, creativity, communication skills (ability to communicate), and collaborative work ability (ability to work together). Communication ability is an ability that has an important role to support the competencies of other abilities.
Important mathematical communication skills that should be acquired by students are cited in the National Council of Teachers of Mathematics [8], namely 1) the ability to solve problems (mathematical problem solving); 2) the ability of mathematical reasoning; 3) the ability of communication (mathematical communication); 4) the ability to associate ideas (mathematical connection); and 5) the ability to present ideas (mathematical representation). Communication is a way to share thoughts and ideas. When students in the classroom are challenged to solve mathematical problems, communication is the most important tool to express the results of their thoughts both verbally and written to others[6]. By doing so, the student is learning how to trust others. Meanwhile, the students who are listening to their friends’ explanation will get the chance to develop their mathematical understanding. Therefore, mathematical communication is crucial for students as it facilitates an interaction where students 'mathematical ideas will be explored from various perspectives so that it can help sharpen students' thinking [2].
Mathematical communication is no less important to be acquired by students [5]. The communication skills in learning mathematics need to be considered because it can regulate and combine students’ mathematical thinking both verbally and written. If students have communication skills, they will surely engage in the depth of mathematical understanding of the concepts being learned.
Each student has a unique personality that is different from one another in terms of their level of learning speed and learning style. These different ways of learning inform the easiest way for students to absorb information during learning. The easiest and fastest way for someone to do it is known as a learning style[5].Learning styles as concepts that people prefer to process information in different ways and learn better when the teaching methods are suitable and appropriate for their learning styles[4] .Learning styles into three namely Visual learning styles (learning through seeing, Auditory Learning Styles (Learning through Hearing), Kinesthetic Learning Styles (Learning through Moving, Working, and Touching)[7].

2. 	Method
This research employed a qualitative research method using a case study design. Case Study is one of the research designs commonly used by interpreters in small-scale studies that focus on cases [1]. Case studies aim to uncover the reasons behind the occurrence of a matter and understand the interrelated factors. Case studies allow the use of more than one data collection method such as documents, interviews, and surveys [3].
The subjects in this study were 5 female students of one vocational school who have learned the lesson about the linear programs in their school. In this study, all subjects were given two kinds of tests. The first test was a learning style questionnaire and the second one was a mathematical communication written test. The learning style questionnaire was used to classify students into two groups whether students have a visual or auditory learning style. Meanwhile, the mathematical communication skills test was used to see the ability of students who have a visual learning style and those who have an auditory learning style. Furthermore, the students' mathematical communication ability test answers would be analyzed and some students who gave interesting answers would be interviewed.

3. 	Result and Discussion
In this study, 5 students were asked to work on learning style questionnaires and communication skills tests online. According to the analysis of the learning questionnaire, two students have an auditory learning style while the other three students have a visual learning style. Further, the students with auditory learning styles will be referred to S1, S2 while the students with visual learning styles will be referred to S3, S4, and S5. The following is the linear program problems that should be solved by the students:

Linear Program Problem:
A tailor is making two shirt models. The first model requires 1 meter of plain fabric and 1.5 meters of patterned fabric. However, the tailor only has 20 meters of plain fabric and 10 meters of patterned fabric. What is the maximum number of shirts that can be made?
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Figure 1. S1 Answer Sheet
















According to the picture above, S1 has already understood the purpose of the problem given. However, she did not simplify what is known or the proof by written examples, such as let shirt model one be A, the shirt model two be B, the plain fabric be x, and the patterned fabric be y instead she directly wrote A, B, plain and patterned. This means that S1 has not been able to state the situation in a written form but has attempted to state the situation in the problem into a mathematical model by writing equation 1A + 2B ≤ 20,1,5 A + B ≠ 10. However, there is a mistake in writing a symbol in which the sign ≠ is supposed to be ≤. She solves the equation using the elimination method so that the value of a = 4 that should be consistent with uppercase A is not substituted as the value of A = 4 into one of the available equations. She immediately answered the value of b –that was supposed to be uppercase B with 8 instead. To conclude his answer, the purpose of the calculation is not explained. S1 only writes 4 + 8 = 12. Nevertheless, S1 could solve the problem correctly. 
Figure 2. S2 Answer Sheet
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The picture above shows that S2 has already understood the purpose of the problem given. She even tries to simplify what is known or the proof by written examples, for example, let the shirt model one be a, the shirt model two be b, the plain fabric be x, the patterned fabric be y. The written example suggests that the student has been able to state the situation in a written form despite having difficulty in changing the equation into a mathematical model.  It can be seen from the crossed out equation, where it is written A` = x + 1.5 y ≤20 and B = 2x + 0.5 y≤10 but later he revises the errors in writing the former mathematical model into equation A` = x + 2y ≤20 and B = 1.5x + 0.5 y≤10. Besides, she multiplies the equation to convert the decimal numbers to integers as she experiences difficulty when she discovers some decimal numbers. At last, she solves the equation using the elimination method so that the value of x = 4m is obtained. Then she substitutes the value of x = 4m to the equation 10x + 20 y = 200. In conclusion, S2 can solve the given problem correctly and restate it in her words by writing it in the conclusions. She gives an elaborative explanation regarding the maximum number of clothes that can be made through an equation x + y = 4 + 8 = 12 pieces of shirt.
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Figure 3 suggests that S3 has understood the purpose of the problem given. She has been able to simplify what is known or the proof by written example, for example, let the plain fabric be x, the patterned fabric be y. This means that the student has no difficulty in stating the situation in written form. However, it is seen that she has difficulty in changing the situation into a mathematical model for she does not write it in the mathematical equation of A` = x + 2y ≤ 20 and B = 1.5x + 0.5 y ≤ 10. In the next stage, the equation abruptly changes from x + 2y ≤ 20 to 10x + 20y ≤ 200 and 1.5x + 0.5y ≤ 10 to 15x + 5y ≤ 100 without any explanation over the purpose of two equations are multiplied by 10 is to turn the decimal numbers in the equation into integers. In addition, while S3 tries to substitute x = 4 into the equation 10x + 20 y ≤ 200, she made a mistake by writing 40x + 20 y ≤ 200 instead of 40 + 20 y ≤ 200. Even though the writing suggests that S3 is still having some difficulties related to the substitution of the x value = 4, she could solve the problem correctly. 





[image: D:\S2 MATEM 2019\persiapan artikel\siswa 4.jpg]Figure 4. S4 Answer Sheet




















Figure 4 proves that S4 has understood the purpose of the problem given as she is able to simplify the problem into a chart. She is also able to state the situation of the problem in mathematical form in detail and provide the reason for changing the original equation in the form of decimal numbers into integers. It shows that S4 is able to state the situation in her model or language. For example, S4 looks for the coordinates of each obtained mathematical equation but does not draw it into a graphical form. As a result, S4 has difficulty in transforming it into a graphical form. In the next stage of the process, she uses the method of elimination where the x value = 4 is substituted in the equation to obtain the value of y = 8. In addition, S4 is able to express the mathematical conclusions that she obtained in her  language as she provides detailed writing in the conclusion,  the total maximum = cut point (4,8) where x + y = 4 + 8 = 12 pieces of shirt. Finally, S4 can provide the correct answer. 

Figure 5. S5 Answer Sheet
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Figure 5 reveals that S5 has understood the purpose of the given problem. She is able to simplify the problem into a chart, state the situation of the problem in mathematical form comprehensively, and write the reason for changing the form of decimal numbers in the original equation into integers. In addition, S5 student has been able to state the situation into her model or language. At the next stage of the process, she uses the elimination method and explains in detail the change of the two equations from decimal numbers to integers. S5 is also able to express the mathematical conclusions she obtained with her language, this can be seen in the conclusions where it is written in detail as follow the maximum number = x + y = 4 + 8 = 12. It appears that S5 is able to express the results of the calculations into her language as she narrates the maximum number is 12 pieces of shirts in the conclusion. This proves that S5 manages to answer the question correctly.

4. 	Conclusion
Of the five students in this study, it can be revealed that the students with an auditory learning style do not communicate their mathematical ideas in writing but their ideas are actualized in the concept of thought and expressed verbally. This suggests that students who have an auditory learning style have difficulty communicating their thoughts and ideas in writing and in their language. Meanwhile, the students who have a visual learning style communicate their thoughts and ideas in writing and are able to rewrite them in their language. However, both students group who have auditory and visual learning styles still have some mistakes regarding the use of mathematical symbols.
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