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Abstract. The purpose of this research is to know the effectiveness of Realistic Mathematics Education (RME) on mathematics learning outcomes on trigonometric ratios of special angles in class X MIA of SMAN 3 Palu. The hypothesis of this research is the effectiveness of Realistic Mathematics Education (RME) on mathematics learning outcomes on a trigonometric ratios of special angles in class X MIA of SMAN 3 Palu. This research is quantitative research experiment with a research design by using The One Group Pretest-Posttest Design. The population of this research was all of class X MIA in SMAN 3 Palu which registers in the 2018/2019 school year and consists of 7 classes. The sampling technique was done by Nonprobability sampling. The class that became the sample of the research was class X MIA 1 that became of 30 students. The results of the post-test data analysis obtained a percentage of students' completeness as much as 80%. Based on the calculation of testing hypothesis by using the students' post-test then got the zcounted = 1.73 and ztable = 1.65 with level of significant 0.05, it shows that the zcounted > ztable which means H0 rejected and Ha accepted. So, it can be concluded that Realistic Mathematics Education (RME) learning is effective on mathematics learning outcomes on trigonometric ratios of special angles in class X MIA of SMAN 3 Palu. ztable which means H0 rejected and Ha accepted. So, it can be concluded that Realistic Mathematics Education (RME) learning is effective on mathematics learning outcomes on trigonometric ratios of special angles in class X MIA of SMAN 3 Palu. ztable which means H0 rejected and Ha accepted. So, it can be concluded that Realistic Mathematics Education (RME) learning is effective on mathematics learning outcomes on trigonometric ratios of special angles in class X MIA of SMAN 3 Palu.

INTRODUCTION
Mathematics is a basic science that can be used as a tool to solve problems in various fields of science. Mathematics is also one of the subjects that have an important role in the world of education. Therefore, mathematics needs to be given to all students, from elementary school (SD) to university (PT).
Mathematics is a science that underlies the development of modern technology, which has an important role in various disciplines and advances the power of human thought. In this world, a person cannot be separated from an activity called mathematics. This is because mathematics can solve problems in everyday life (Sari, 2014).
The purpose of learning mathematics in Indonesia is contained in Permendiknas Number 22 of 2006, concerning the standard content of mathematics subjects for primary and secondary education units, mathematics subjects are aimed at making students have the following abilities: (1) understand mathematical concepts, explain the interrelationships between concepts and apply concepts or algorithms, flexibly, accurately, efficiently, and precisely, in problem solving; (2) using pattern and trait reasoning, performing mathematical manipulations in making generalizations, compiling evidence, or explaining mathematical ideas and statements; (3) solving problems which include the ability to understand problems, design mathematical models, complete models and interpret the solutions obtained; (4) communicating ideas with symbols, tables, diagrams, or other media to clarify the situation or problem; (5) have an attitude of appreciating the usefulness of mathematics in life, namely having curiosity, attention, and interest in learning mathematics, as well as a tenacious and confident attitude in problem solving. Based on the objectives of learning mathematics, it is known that the basic ability of mathematics that must be mastered by students is the ability to understand mathematical concepts, without this ability students will find it difficult to achieve the objectives of learning mathematics.
One of the materials taught in SMA/MA class X in mathematics is trigonometry. Trigonometry is a material that must be mastered by students because trigonometry is one of the materials in the National Examination (UN) questions. Based on the syllabus for high school mathematics class X, the basic competencies of trigonometry material include: understanding the concept of trigonometric comparisons in right triangles through investigation and discussion of side-to-side comparisons that correspond to several similar right triangles; find the properties and relationships between trigonometric ratios in right triangles; understand the concept of trigonometric functions and analyze the graphs of their functions and determine the relationship between the values ​​of trigonometric functions from special angles.
However, the reality found by researchers at SMAN 3 Palu shows that students' understanding of mathematical concepts is still lacking. This was discovered by the researcher during an interview with a mathematics teacher at the school. Based on the results of interviews, information was obtained that the material considered difficult by students was trigonometry, many students could not understand the concept of trigonometry material. This is shown when students are less active in learning to work on trigonometry questions. In addition, students' daily test scores on trigonometric material are still below the minimum completeness criteria (KKM) set by the school, which is 75.
Rohana (2011) states that understanding mathematical concepts requires generalization skills. The solution that can be done by the teacher is to design a learning design that is able to make students the subject of learning no longer the object of learning so that students can build their own understanding of the concept. Thus, the ability to generalize can be developed through activities in learning. One alternative learning that gives students the opportunity to make generalizations to improve understanding of mathematical concepts is the Realistic Mathematics Education (RME) approach.
Hadi (2005) explains that in the approach of Realistic Mathematics Education (RME) orIn realistic mathematics, real-world problems are used as a starting point for the development of mathematical ideas and concepts. Further explanation that this realistic mathematics learning departs from the child's life, which can be easily understood by the child, his imagination, and can be imagined so that it is easy for him to find possible solution by using the mathematical abilities that have been possessed. This makes it easier for students to connect learning with their experiences.
Freudenthal in Hadi (2005) states that the RME approach provides opportunities for children to 'rediscover' mathematical concepts and ideas. So the emphasis is not on mathematics as finished goods or products (in the form of formulas, equations, etc.), but on activities that encourage the mathematization process. Students are invited and given experience as a mathematician through an active and interactive learning process.
Based on the description above, researchers are motivated to conduct research on RME learning with the title "The Effectiveness of Realistic Mathematics Education (RME) on Mathematics Learning Outcomes : Experimental Study on Comparison of Trigonometric Special Angles in Class X MIA SMAN 3 Palu."

METHODS
	This research is a quantitative research. This type of research is experimental. Experimental research methods can be interpreted as research methods used to find the effect of certain treatments on others under controlled conditions (Sugiyono, 2014). This research was designed with Pre-Experiment Design, the research design used was The One Group Pretest-Posttest Design. This design consisted of one group (no control group), while the research process was carried out in three stages, namely: (1) conducting a pre-test to measure the initial condition of the respondent before being given treatment, (2) giving treatment, (3) conducting post-test. test to determine the state of the dependent variable after being given treatment.

	The population of this study were all students of class X MIA SMAN 3 Palu, starting from class X MIA 1 to X MIA 7 who were registered in the 2018/2019 academic year with a total of 224 students. The sampling technique in this study uses non-probability sampling, which is a sampling technique that does not provide equal opportunities for each member of the population to be selected as a sample. The sample selected is class X MIA 1 with a total of 30 students.
	
	The research instrument used was a test of mathematics learning outcomes in trigonometric comparisons of special angles before and after participating in learning with the Realistic Mathematics Education (RME) approach. In this study, the test was in the form of description questions so that students' thinking processes in solving the questions given could be known clearly. The instrument analysis phase is in the form of expert validity and instrument testing at schools outside the population, namely SMAN 4 Palu.

The data of this study were analyzed using descriptive statistics and inferential statistics. Descriptive statistics are used to describe or describe student learning outcomes data on trigonometric comparisons of special angles. Inferential statistics are used to test the proposed hypothesis can be accepted or not. The formulation of the proposed hypothesis is as follows:

H0 : 0.649 :	Learning Realistic Mathematics Education (RME) is not effective on mathematics learning outcomes in trigonometric comparisons of special angles in class X MIA SMAN 3 Palu.
Ha : > 0.649 :	Learning Realistic Mathematics Education (RME) is effective on mathematics learning outcomes in trigonometric comparisons of special angles in class X MIA SMAN 3 Palu.

results and discussion
	Pre-test carried out before giving treatment in class X MIA 1 SMAN 3 Palu with a total of 30 students, on Monday, March 25, 2019. The pre-test result data is based on student learning outcomes before RME learning is applied. The pre-test result data can be seen in Table 1 below.

Table 1 Pre-test Result Data for Class X MIA 1 SMAN 3 Palu
	No
	Data
	Statistics

	1
	Total students
	30

	2
3
4
5
	The highest score
Lowest Value
Range
Average value
	72
12
60
43.67


In Table 1 it can be seen that the average value of the pre-test is 43.67 out of 30 students. The highest score is 72 and the lowest score is 12 with a score range of 60. The benefit of holding a pre-test is to determine the students' initial ability to trigonometry material. By knowing the initial abilities of these students, researchers can form heterogeneous class discussion groups so that students with low scores can study with students with high scores. This provides an opportunity for students with high and low scores to discuss with each other to understand trigonometry material. From the pre-test, 6 groups were formed with 5 members each.

Post-test carried out after giving treatment in class X MIA 1 SMAN 3 Palu with a total of 30 students, on Tuesday, April 23, 2019. The post-test result data is based on student learning outcomes after RME learning is applied. The post-test result data can be seen in Table 2 below.

Table 2 Post-test Result Data for Class X MIA 1 SMAN 3 Palu
	No
	Data
	Statistics

	1
	Total students
	30

	2
3
4
5
6
7
	The highest score
Lowest Value
Range
Average value
Number of Completed Students
Completeness Percentage
	96
60
36
79.07
24
80%



In Table 2 it can be seen that the average post-test score is 79.07 out of 30 students. The highest score was 96 and the lowest score was 60 with a score range of 36. The number of students who completed with a minimum completeness score of 75 were 24 people and the percentage of completeness was 80%.

Based on the data from the pre-test and post-test results, there was an increase in grades ranging from student grades to class average scores. The lowest score in the pre-test is 12 while the post-test is 60, the highest score in the pre-test is 72 while in the post-test is 90. In addition, the class average value in the pre-test is 43.67 also increases on the post-test that is 79.07. This shows that there is an increase in students' abilities after being given treatment.

Furthermore, to show the quality of improving mathematics learning outcomes between pre-test and post-test, it will be shown using the average N-gain (normalized gain average) in Table 3 below.

Table 3 Average N-gain
	n
	Average
	Category

	
	Pre-test Post-test N-gain
	

	30
	                                        43.67     79.07     0.63
	Currently



Based on Table 3 shows that the results of the normalized gain or the average normalized gain of students' mathematics learning outcomes is 0.63. So it can be concluded that the quality of improving mathematics learning outcomes in class X MIA 1 on trigonometric comparisons of special angles is in the medium category.

Before testing the proposed hypothesis, a normality test is first performed. The results of this test were conducted to determine whether the data obtained were normally distributed or not. The data analyzed in this study is the post-test result data. Based on the results of the calculation of the normality of the data using the chi square test, it is obtained χ2count = 7.66 and χ2table = 9.49 at the significant level = 0.05. Because χ2count = 7.66 < χ2table = 9.49 it can be concluded that the data obtained are normally distributed. Because the data obtained are normally distributed, it is possible to test the hypothesis using the z-test.

Next, test the hypothesis using the z-test based on a significant level of 0.05. Based on the results of hypothesis testing, zcount = 1.73 and ztable = 1.65. From these results, it can be seen that zcount > ztable, which means reject H0 and accept Ha or it can be concluded that Realistic Mathematics Education (RME) learning is effective on mathematics learning outcomes in trigonometric comparisons of special angles in class X MIA SMAN 3 Palu.
This study aims to determine the effectiveness of RME learning on mathematics learning outcomes in trigonometry material, special angle trigonometric comparisons in class X MIA SMAN 3 Palu. Therefore, one class was chosen as the research sample using a purposive sampling technique, namely class X MIA 1. It is also based on observations, obtained information that the class sampled has the same abilities as other classes. This research was conducted in 8 meetings. The first meeting was giving the pre-test, then the next meeting was used for learning activities, and the final meeting was giving the post-test.

The first step taken in class is to give a pre-test (initial test) to students to determine students' initial understanding of trigonometric ratios of special angles. This is in accordance with the opinion of Sudijono (1996) that the pretest or initial test is a test carried out with the aim of knowing the extent to which the material or subject matter to be taught has been mastered by students. The results of the pre-test were also used as a guide in the formation of heterogeneous study groups.

Learning activities begin with the delivery of the main activities that students must do with RME, providing motivation, and delivering indicators of achievement of student learning outcomes, giving oral questions to explore students' prerequisite knowledge. Then the teacher gives real problems according to the characteristics of the RME, namely learning must begin by giving problems taken from the real world written in the LKPD and students are asked to read, understand and solve them according to their ability level. Next, group representatives are asked to present their answers in class discussions and respond to other groups' answers. After the discussion, students are asked to make conclusions according to their own language. Then the learning activities are closed by giving questions as exercises to be completed individually. From the beginning of learning until learning is closed again, the teacher only acts as a facilitator, mediator, and motivator.

At the first and second meetings of learning, there are still shortcomings during learning activities including student responses to teacher questions are still minimal, there are still many students who are less active in group work because they are not used to studying in groups in class using LKPD, students are still picky. group members, as well as the ability to respond to other groups' answers are still lacking.

At the next meeting, the students' activities were better, they had shared tasks and they had started to ask and explain to each other, the responses to the questions given had increased, but there were still students who were not brave enough to respond to other groups' answers during the discussion. By looking at student activities, it can be concluded that the characteristics of RME have emerged even though they are not optimal.

The characteristics of RME that emerge are learning that starts from real-world problems. Students are able to understand the meaning of the problem given. This is supported by the existence of LKPD which requires the active involvement of students in discovering trigonometric concepts. With the real problems given in the LKPD can motivate students to learn because they can know firsthand the benefits of the knowledge they gain. This is in line with de Lange's opinion in Hadi (2016) that the starting point of the learning sequence must provide real experience for students so that they can be directly involved in mathematical activities.

In addition, the characteristics of the emerging RME are the students' ability to develop informal symbolic models in solving real problems. This is indicated by the activeness of students in solving the questions given. In general, students are able to solve problems correctly. With the ability to solve real problems, it shows that students have been able to develop informal symbolic models of the problems presented. This is in line with de Lange's opinion in Hadi (2016) that the learning sequence must involve activities where students create and describe symbolic models of their informal mathematical activities.

Another characteristic that appears, although not yet optimal, is an interactive learning process. It is said to be not optimal because there are students who never respond to other groups' answers during the learning process. But in general, other students have been interactive during the discussion. The purpose of interactive students during learning so that students are able to understand the solutions made by other students and also as a reflection of the student's learning process. This is in line with de Lange's opinion in Hadi (2016) that the RME learning sequence must be realized in interactive learning, namely students explain the solutions they made, understand the solutions made by other students, express agreement or disagreement, question the presence or absence of alternative solutions. , and do reflection.
The learning process that actively involves students such as the RME demands can cause the knowledge that students get to last a long time because students learn through doing so that their knowledge and understanding is the result of their own construction. This is because RME learning is no longer teacher-centered but student-centered. The teacher only acts as a facilitator, mediator, and motivator during the learning process. In addition, students are also given the opportunity to conclude answers in their own language, so that it can motivate students to think.

Based on the analysis of the research results as described above, it is found that Realistic Mathematics Education (RME) learning is effective on mathematics learning outcomes in trigonometric comparisons of special angles. This is because learning trigonometric comparisons of special angles requires a high level of thinking activity so that active student involvement in the learning process is needed for success in achieving learning objectives. These results are also evidenced by the percentage of students' completeness after participating in RME learning as much as 80% or as many as 24 students who complete from 30 students with a minimum completeness score of 75.

This research is supported by research conducted by Pajri (2016) on the effectiveness of applying a realistic approach to the learning outcomes of seventh grade students of SMP Negeri 20 Bulukumba, Kajang District, Bulukumba Regency. With the average mathematics learning outcomes of students who apply a realistic approach is 78.15 and is in the high category. Furthermore, based on the effectiveness test, it was proven that learning with a realistic approach was more effective in improving mathematics learning outcomes for grade VII students of SMP Negeri 20 Bulukumba, Kajang District, Bulukumba Regency.

Learning with the RME approach can be used as an alternative learning in the 2013 curriculum. This is shown by the RME approach steps that are in line with the steps in the scientific approach. The steps in the learning process with a scientific approach include: (1) Observing, (2) Questioning, (3) Gathering information, (4) Associating, (5) Communicating. In the observing step, the learning process begins with presenting real objects with the aim of making learning more meaningful, this step is in line with the initial step in the RME approach, namely presenting realistic problems. The next step is to ask questions, collect information, associate, and communicate with the aim that there is an active interaction in the learning process between teachers and students. These steps also train students to be able to find information, process information, and be able to communicate information so that discussions occur in the learning process, in this way make students understand more about the material being studied. This is in line with the steps in the RME approach, namely solving realistic problems, comparing and discussing answers, and concluding.
CONCLUSION
Based on the results of data analysis, it was found that the number of students who completed after being given the RME learning treatment were 24 students out of 30 students, which means the percentage of completeness was 80%. And the results of hypothesis testing zcount =1.73and ztable = 1.65 at a significant level of 0.05, it shows zcount > ztable which means reject H0 and accept Ha. It can be concluded that Realistic Mathematics Education (RME) learning is effective on mathematics learning outcomes in trigonometric comparisons of special angles in class X MIA SMAN 3 Palu.
References
1. Ministry of National Education. (2006). Minister of National Education Regulation Number 22 of 2006 concerning Content Standards for Primary and Secondary Education Units. Jakarta: BSNP.
2. Hadi, S. (2016). Realistic Mathematics Education. Banjarmasin: PT Raja Grafindo Persada.
3. Pajri, A. (2016). The Effectiveness of the Application of Realistic Approaches to the Learning Outcomes of Class VII Students of SMP Negeri 20 Bulukumba, Kajang District, Bulukumba Regency. Thesis. Makassar: Alauddin State Islamic University Makassar.
4. Rohana. (2011). “The Influence of Problem-Based Learning on Concept Understanding of FKIP Students PGRI Palembang University". Proceedings of the National Seminar on Education “Education in the Era of Globalization in Facing Future Challenges” (ISBN 978-602-95793-1-4). PGRI Palembang University.
5. Sari, Pujiati. (2014). "Application of Guided Discovery Methods Assisted by Teaching Aids to Improve Learning Outcomes of Class VII Students on the Material of Surface Area and Volume of Pyramids at SMP Negeri 19 Palu". Electronic Journal of Mathematics Education Tadulako. Available: http://journal.untad.ac.id/jurnal/index.php/JEPMT/article/downl oad/3097/2170.
6. Sugiyono. (2014). Educational Research Methods (Quantitative Qualitative Approach, and R&D). Bandung: Alphabeta.R. C. Mikkelson (private communication).
