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Abstract. The ability of students to express mathematical ideas in various ways is still not as expected. Teachers need to apply learning that gives students the opportunity to express mathematical ideas based on their own mindset. Learning with the Brain-Based Learning approach assisted by Autograph software is expected to help students grow their mathematical communication skills. This study aims to analyze the development of students' mathematical communication skills. The subjects of this study were 28 students of class X in one of the high schools in the city of Banda Aceh. The instrument used is a mathematical communication ability test problem. Data analysis techniques using descriptive analysis. The results of the study show that mathematics learning with an Autograph-assisted BBL approach can improve students' mathematical communication skills.
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Introduction

Mathematical communication skills are one of the important abilities of students to enable students to understand mathematics through the process of thinking, discussion and making decisions (Viseu & Oliveira, 2012). Mathematical communication skills can also train students to express mathematical ideas in various ways (Utami, 2015). These abilities need to be the focus of attention in learning mathematics to foster the ability to think and convey ideas.
Mathematical communication skills include the ability to express a mathematical idea through writing, language, images, graphics and other visual forms (NCTM, 2000). Mathematical communication both oral and written can bring students to a deep understanding of mathematics (Gordah & Astuti, 2013). Mathematical communication processes can also provide opportunities for students to share ideas (Chung, Yoo, Kim, Lee, & Zeidler, 2016). Therefore, mathematical communication must be well integrated in the classroom environment and students must be encouraged to express and write down allegations, questions and solutions. Based on some of the above understanding it can be said that mathematical communication is the ability to express mathematical ideas and mathematical symbols both verbally, in writing, in pictures and diagrams and to demonstrate them.
Mathematical communication is the ability to express ideas, ask questions, explain questions and justify ideas (NCTM, 2000). The ability of students to think and convey ideas is strongly influenced by the way their brains work, because not all students have the same level of intelligence. Therefore, to optimize the work of the brain during teacher learning must create a pleasant learning environment and challenge students' thinking skills and create active and meaningful learning situations for students (Jensen, 2008).
Mathematical ideas can be visualized by the use of learning media. One of the learning media that can visualize mathematical forms is by integrating ICT (Zayyadi, Supardi, & Misriyana, 2017). This is in line with the demands of the 2013 Curriculum which mandates teachers to integrate ICT in classroom learning (Permendikbud No. 022 of 2016). Utilization of ICT in mathematics learning can bring ideas to foster students' thinking skills (Bakar, Ayub, & Tarmizi, 2010). Learning that integrates ICT can motivate the occurrence of multi-direction communication so that the learning process is not dominated by teachers (Sinurat, Syahputra, & Rajagukguk, 2015).
Mathematical communication skills are not as expected. This is because students are not given the opportunity to express their own opinions resulting in the potential that students have cannot be seen maximally and makes students easy to give up (Hutagaol, 2013). In addition, high school / MA math teachers tend to be less utilizing ICT in the process of learning mathematics (Rasyidah & Marzal, 2015). Based on this, students experience difficulties in developing their ability to communicate ideas so as to result in low students' mathematical communication (Astuti & Leonard, 2015).
It is necessary to cultivate students' mathematical communication skills through learning that triggers thinking skills so that students dare to express their ideas. The learning is also supported by the use of ICT. One effort that can be done is to carry out learning through the Autograph-based Brain-Based Learning (BBL) approach.
Learning with a BBL approach influences students' mathematical communication skills (Sukoco, 2016). BBL directs students to learn meaningfully (Gozuyesil & Dikici, 2014). BBL is defined as a student-centered way of learning by utilizing all brain functions and recognizing that not all students can learn in the same way (Duman, 2006). The way of learning is that students not only learn based on the potential of different learning styles, but students also have different intelligence potential. Students are given the opportunity to think based on their own ways so that students can assume that information can be expressed through open learning (Degen, 2014).
The components that need to be considered when applying the BBL approach in classroom learning are orchestrated immersion, relaxed alertness, and activate processing. Orchestrated immersion means a learning environment that is formed to include students in a learning experience. This phase helps students create patterns and associate with their respective brains when they are given problems, so that the learning gained will be more lasting in students' memory. Learning activities carried out must facilitate the ability to think so that students build their own knowledge (Hasliza & Wan Emilin, 2012).
Relaxed alertness is trying to create a situation to eliminate fear when in a challenging class. Students are required to solve a problem well in a comfortable situation and students do not feel bored. Activate processing is done by facilitating students to be able to absorb information well, for example by forming study discussion groups and by asking questions (Ozden & Gultekin, 2008)
Autograph is a mathematical software that can facilitate students' thinking ability by visualizing mathematical ideas in the form of pictures and graphics. Autograph is an educational tool that is very useful for teachers and students because it can help teachers present content for the entire class easily and students understand more because of their visual demonstrations (Bakar, Ayub, & Tarmizi, 2010). Learning with the help of Autograph gives students the opportunity to explore, investigate and search. In other words, interaction with Autograph features makes students involved in learning mathematics through exploration so that answers to student questions will be found by the students themselves (Saragih & Afriati, 2012). Therefore, Autograph is very suitable for visualizing and understanding mathematics.
Several studies have been conducted relating to mathematical communication (Viseu, 2012; Utami, 2015; Chung, 2016; Muhammad, 2017; Syarifah, 2017), and the influence of BBL's approach to mathematical communication (Sukoco, 2016); and improving mathematical communication through Autograph software (Astuti & Leonard, 2015). But there have been no studies that apply the BBL approach assisted by Autograph software. Therefore the researcher wants to know the development of students' mathematical communication skills after learning through the Autograph-assisted BBL approach. 
Based on the background of the above problems, the formulation of the problem in this study is how the development of students' mathematical communication skills after learning through the Autograph-assisted BBL approach?
Research Methods
Subjects in this study were 28th grade students in one of the high schools in Banda Aceh which amounted to 28 people. The selection of class X students as the subject of the study was based on the consideration that the material of the exponent and logarithmic functions which is one of the material in class X. While the selection of schools was based on the needs analysis that the learning carried out with the help of Autograph software could be applied to the school because the learning facilities were adequate the availability of a Computer Laboratory and students are used to learning using a Laptop. Learning facilities for school learning are very important in the learning process to support the course of the learning process (Sanjaya, 2010).

This research is a qualitative research. Data on the development of mathematical communication skills are obtained from formative tests conducted at each meeting and tests of mathematical communication skills at the end of the learning process. The data obtained were analyzed descriptively based on the scoring guidelines and an assessment rubric of mathematical communication skills.

Indicators for measuring students' mathematical communication skills, namely, (1) using terms, mathematical symbols, and their structures to model mathematical situations or problems, (2) express mathematical ideas through oral, written, and visual representation and (3) interpreting and evaluating mathematical ideas from visual forms both orally and in writing. The criteria for each indicator are rated 4 if "very good", 3 if "good", 2 if "good enough, 1 if" less "and 0 if" less ". Mathematical communication skills are said to develop if there is a trend of development of the average formative test scores from each end of the meeting and the average test scores of students' mathematical communication skills in the good category ie at least 80% of students are in good and very good category. 

Results and Discussion
Mathematical communication tests are carried out at the end of each meeting (formative tests) and Mathematical Communication Ability Test (TKKM) at the end of the meeting. Formative test consists of one item with the aim to see the development trend of students' values about the material that has been learned from each meeting. The results of the students' formative test analysis were obtained based on the rubric of mathematical communication skills.
The results of the formative test analysis on the first quiz the average score obtained was 81.03. At the second meeting, the average score reached 85.20. At the third meeting the average score obtained reached 86.77. At the fourth meeting the average score obtained reached 88.60. While at the fifth meeting the average score obtained reached 9.93. Based on these achievements, it appears that there is a trend in the development of scores from each meeting.
The mathematical communication ability test conducted at the end of the learning process consists of three questions in accordance with the predetermined indicators. Scores of students' mathematical communication skills can be seen in Table 1 below.
Table 1. Results of Analysis of Mathematical Communication Tests
	Question
	Indicator
	Aspects Observed
	Criteria

	
	
	
	Very good (4)
	Good (3)
	Enough (2)
	Less
 (1)
	Less than Once (0)

	1a
	Identify an exponential function of a contextual problem and determine the mathematical model
	Write patterns and relationships of contextual problems with logarithmic function models
	9
	16
	3
	0
	0

	
	
	
	32%
	57%
	11%
	0%
	0%

	1b
	
	
	8
	15
	4
	1
	0

	
	
	
	29%
	54%
	14%
	4%
	0%

	2
	Declare mathematical ideas through oral, written and visual description.
	Draw a graph of the logarithm function and determine the characteristics of the graph of the function
	6
	17
	3
	2
	0

	
	
	
	21%
	61%
	11%
	7%
	0%

	3
	Interpret and evaluate mathematical ideas from visual forms both orally and in writing
	Determine the equation for the exponent function graph and write down the characteristics of the graph given
	7
	16
	3
	2
	0

	
	
	
	25%
	57%
	11%
	7%
	0%


Based on Table 1 above it can be seen that the results of the mathematical communication test analysis on the first indicator is the ability to identify an exponential function of a contextual problem and determine the mathematical model there are 86% of students give good and very good answers. This means that students can provide answers well, are easy to understand and complete answers. Figure 1 below is an example of the results of students' answers to the first indicator with the problem: "A substance that is injected into the human body will be removed from the blood through the kidneys. Every 1 hour half the substance is released by the kidneys. If 200 mg of the substance is injected into the human body, how long does the substance be released by the kidneys so that the remaining 12.5 mg and how the logarithmic function model can be formed? ". One student's answer can be seen in Figure 1 below.
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Figure 1. Answers of students who meet the criteria very well on the first indicator
In the second indicator, namely the ability to express mathematical ideas through oral, written, and visually illustrating, 82% of students give good and very good answers. This means that students have been able to draw graphs of the Exponent and Logarithmic Functions and can express things related to the graph such as the influence of the constant value of the function that is known correctly. Figure 2 below is an example of the results of the student's answer to the second indicator with the problem being "Draw a sketch of the graph function y = 3log x - 2! Then write down what you know about the influence of the constant value of the function graph! ". One student's answer can be seen in Figure 2 below.
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Figure 2. Answers of students who meet the criteria very well on the second indicator
In the third indicator, namely the ability to interpret and evaluate mathematical ideas from visual forms both orally and in writing, there are 82% of students who give good and very good answers. That is, students have been able to understand the characteristics of a graph of exponential functions so that they can determine the function equation. Figure 4 below is an example of the results of students' answers to the third indicator with the problem is "note the graph of the exponent function below:

Figure 3. Problem for measuring the third indicator
Based on Figure 3 above, explain the characteristics of the graph and determine the graph equation! One student's answer can be seen in Figure 4 below.
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Figure 4. Answers of students who meet the criteria both on the third indicator
Figure 4 above shows that students have been able to write down the characteristics of the images provided so that students can write the equation of the function correctly. The value given to the students' answers is at level 3 (good) because students do not write down the characteristics of the graph in full. Students do not write down the characteristics of the graph which is monotonous up.
The results of the analysis show that there are still students who are not right in making mathematical models. One of the reasons is because students still have difficulties when expressing mathematical ideas in written form, the student is easier to communicate his ideas orally. One example of student answers can be seen in Figure 5 below.

Figure 5. Answers of students who do not meet the criteria for either the first indicator
Student answers indicate that the way to solve it is correct, but when modeling in the form of functions is not right. In accordance with the results of Syarifah's research (2017) which states that the ability of students to present problems in mathematical models and writing is still in the medium category. Students have been able to illustrate the answers, but it is not appropriate when writing them into a mathematical model.
The development of students' mathematical communication skills which contains three indicators that have been explained cannot be separated from learning with the Autograph-assisted BBL approach performed. This is consistent with the results of Sukoco's research (2016) which shows that learning mathematics with a BBL approach influences students' mathematical communication skills. In addition, the results of Duman's research (2006) also show that learning with a BBL approach not only develops academic skills but also provides good motivation for students and teachers with a conducive classroom atmosphere.
Students able to communicate well cannot be separated from the use of ICT. The use of ICT greatly helps the process of learning mathematics as a demonstration medium. This is consistent with the opinion expressed by Camacho, Depool, and Santos-Trigo (2004) which states that learning using technology can pay attention to each process and connect between graphic representations, algebra, and numerics. The results of Sanapiah's research (2015) show that visualization of images or graphics can develop students' understanding so that students are able to communicate their learning outcomes appropriately. 
Good student communication towards mathematics learning is also caused by the activities of students who can explore various charts freely. This is in accordance with the Autograph function, which can be used to explore multiple graphs in a short time. Saragih (2012) research results show that drawing graphics with the help of Autograph is clearer than the manual one and the time used to draw is faster. The results of Muhammad's (2017) research also show that mathematics learning assisted by Autograph software can develop mathematical communication skills. 
Conclusion

Learning mathematics with the Autograph-assisted BBL approach can foster students' mathematical communication skills. Students' mathematical abilities will be more developed if the teacher utilizes learning media and chooses the right strategy when developing and using learning tools when teaching mathematics in class. The developmental trend of students' mathematical communication skills is one of them because the mathematics learning devices that have been developed are good and meet the criteria of valid, practical and effective.
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