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Abstract. A special angle in learning mathematics is one of the topics in mathematics that is considered difficult by students. Manipulative media can be used to assist students in learning the concepts of these special angles. With mathematical manipulatives, the concept of special angles can be made more concrete so that it is easier for students to understand the concept. This research is a development research that aims to produce learning media in the form of a special angle teaching aid. The developed manipulative media is useful for studying the values of special angles in various quadrants. The development research used refers to the Borg and Gall model which has been modified into five phases: research and collection, planning, product design development, validation, and testing. Research subjects were 30 students of class X  Miftahul Huda Kepanjen Senior High School. Validation test results show that the manipulatives media is valid with a score of 86.45%. Product trials for students showed that the manipulatives media received positive responses from students with a score of 85.25%. Therefore, the developed manipulatives media meets valid and practical quality aspects. This study also shows that the manipulatives media can facilitate and motivate student learning.

1. Introduction
Mathematics and its application play an important role in everyday life, such as in technology, production, information, management, economic transactions, decision making, etc. [1]. However, many students still consider mathematics as a scary subject that becomes a burden on students, especially those related to geometry and trigonometry [2]. This is due to the lack of understanding of mathematical concepts resulting in anxiety, fear or embarrassment on students for their incomprehension should a teacher asks them to solve mathematical problems [3]. Therefore, mathematics learning that can involve the association of abstract mathematical objects with real objects experienced by students is needed. Physically active lessons can benefit mathematics learning [4].
Here the teacher plays an important role in creating fun learning [5], and it is also important for teachers to know students individually[6]. One important solution that teachers can use to increase students' interest and understanding in learning mathematics is the use of learning media [7]. Because the use of learning media will create a more interactive learning between teachers and students. According to [8], the benefits of learning media are as follows: (1) learning becomes more interesting for students, so it can stimulate student learning motivation; (2) learning material will be very clear, so it can be easily understood; (3) learning methods will vary, not only verbal communication or lecture by the teacher, but also meaningful learning activities experienced directly by students. In the Process Standards of Primary and Secondary Education also mentioned that the preparation of learning tools is an integral part of learning plan that is designed in the form of syllabus, lesson plans, and learning preparation [7].
 	Trigonometry is one of the topics in mathematics that has many benefits in daily life, including: in the field of triangulation techniques used in astronomy to calculate distances to the nearest star; in geography, to count between certain points; and in satellite navigation systems. Other fields that also use trigonometry include various branches in physics, land surveying and geodesy, architecture, phonetics, economics, electrical engineering, mechanical engineering, civil engineering, computers, cartography, and many more [9]. However, it is considered difficult by high school students [2], [10], [11]. 
One of the causes of students’ low understanding in trigonometry is because of the habit of memorizing formulas instead of being directly involved in the process of finding the concept of trigonometric comparisons [12]. Trigonometry is a topic of interconnected and sustainable mathematics that exists at every level of the high school. So, when students do not understand the material at the beginning, it will affect further misunderstanding of the next topic. Therefore, learning media or teaching aids are needed to assist students in understanding trigonometric concepts.
An example of existed learning media related to trigonometry topics for example is the development of media with MATLAB software (GUI) to determine the total and difference of two angles. This media can be used in class classically as well as independently [12]. Another example of learning media is the Smart Binocular learning media which is used to calculate the height and width of an object. The Smart Binocular is made of wood with a pipe attached to a protractor and a wooden block as a support. Smart Binocular was developed through several experiments, the firstly made product is the mini-theodolite product that could directly be used to check the elevation angle of the observer with an object, but was limited to calculation of the height of an object [9]. One of the most common learning media of trigonometry is the use of GeoGebra application [13], [14], so that manipulative media is needed as an alternative learning media.
Based on the description above, the researcher was interested in conducting research on the development of trigonometric angle manipulative media, because this visual aid has many benefits. This manipulative media makes it easier for teachers to teach concepts about special angles in various quadrants. Even later, this manipulative can be used to determine trigonometric values at all angles from 0 to 360 degrees. When learning material from special angles in various quadrants using the developed manipulative media, students feel invited to find concepts, so that learning becomes more meaningful. 
2. Experimental Methods
The type of research used is Research and Development (R&D) with reference to the Borg and Gall models which have been modified into five phases as follows: research and collection, planning, product design development, validation, main areas of testing. Research and development are used because researchers want to develop manipulatives to determine trigonometric values in various quadrants. Also, when collecting data in the field, that is in preliminary research to gather more qualitative data. The next stage, the product effectiveness test, is conducted by an experimental / quantitative method. And data acquisition will be analyzed qualitative-narratively and in the form of quantitative calculations. This type of research and development is considered suitable to be used to assist researchers in developing learning media for trigonometry learning material for students of class X with a total of 30 students. For research purpose, the location of learning media development is Miftahul Huda Kepanjen Senior High School. 
In this Procedure of Research and Development, the researchers refer to a research design modification and model development according to Borg and Gall that uses a waterfall flow at the development stage [9] with the steps as follows:
Individual Testing
Revision
Small Group Testing
Revision
Field Testing
Revision
Deployment and Report

Analysis of Needs
Media Planning
Product Development


Figure 1. Waterfall flowchart of the development stage
All ten steps in Figure 1 are not standard things to be followed. The steps taken can be adjusted to the needs of researchers, with the changes needed in this research and development using 5 stages due to time limitation. Data was obtained from research instrument of learning tools in the form of validation sheets, test results and student questionnaire responses.
	The purpose of data analysis is to illustrate the validity and practicality of the media developed. Validation is measured using a validation sheet by providing a validation sheet to the validator and aimed to find out how valid the developed media and material are, so that it can be used by students. Practically is measured using student response questionnaire by giving questionnaires to students, and aimed to determine the feasibility of the media. 
3. Results and Discussion 
Researchers will explain the results of media development by the following stages:
Research and accumulation. The results of preliminary observations made by researchers at MA Miftahul Huda showed that the teaching materials used by the teacher during the mathematics learning process, especially the trigonometry material in class, only used textbooks. So that the use of manipulative media is needed for the learning process in mathematics classes on the topic of trigonometry. The manipulatives media developed in this study were named SUTRI. This manipulative media is used to determine the angular values of Sine, Cosine, Tangent, Cosecant, Secant and Cotangent in various quadrants. Where the angle value ranging from 0o to 360o can be calculated using the manipulative media. In the manipulative media, there is a unit circle, it is called the unit circle because the circle has the radius of 1 unit from the coordinate (0,0).
Product planning conducted using the following stages: materials and equipment selection is important in the making of media products. The manipulative media was developed using the following materials: Colored Styrofoam with a thickness of 1 cm, length of 30 cm and width of 25 cm, 3600 bow, asturo paper size 30 cm x 25 cm, double tip as asturo paper adhesive with Styrofoam, bol yarn as needed, and a ruler. The equipment’s needed in the development of manipulative media are as follows: marker, pencil, calipers, scissors, ruler, sticky tape, and cutter. All materials and tools that are designed and used by researchers are chosen by considering a simple media with many benefits, which aims to facilitate the development process and obtain product results that are in accordance with the learning objectives. 
The steps in using manipulative media are as follows: (1) direct the yarn at the intended angle; (2) hold the yarn that was directed earlier; (3) measure the length of the perpendicular sides facing the thread with a ruler (the unit in manipulative is dm); (4) observe the direction of the x axis and the y axis.
The product design development stage starts from the planning of the initial product development process until feasibility test in the University level. Before the establishment of the media, the preparation for the development of draft product was to prepare the materials needed in the making of media and material content for use in media which was a trigonometric material for determining the value of trigonometric special angles (between 00 to 3600) in class X. With the use of media, teacher can explain the concept of trigonometry, especially the determination of the trigonometric special angles between 00 and 3600 easily. This learning media can be used by students both independently and in groups. Because the media is designed to be interesting and as easy as possible for students.
The validation stage, after the initial product is developed, an expert testing or validation is carried out by a media expert lecturer, a master student in mathematics education and a mathematics teacher. The result of the validator's assessment of the media can be seen in Table 1.

Table 1. Media validation results
	Criteria assessed
	Average score of each aspect

	Learning media contents

	Learning media can help students learn mathematics
	3.3

	Learning media can help students build understanding of mathematics
	3.3

	The activities provided enable positive interactions between students and learning media
	3.67

	Activities in the use of learning media in accordance with learning objectives
	3.67

	Learning media does not cause ambiguity
	3.3

	Learning media benefits

	Learning media can be used by students to achieve learning objectives
	3.67

	Learning media can support mathematics learning in schools
	3.67

	Learning media can encourage students to be more active
	4

	Form and display
(manipulative / physical media)

	Learning media display is attractive
	3

	Proportional form of learning media
	3

	Validity score
	3.458


Based on Table 1, it can be seen that the validity score (Va) obtained is 3.458 or 86.45%. The score shows that learning media can be considered valid. In the media expert testing, a revision was made to the media, because styrofoam was considered less durable, hence researchers replaced it with acrylic material to make it more durable as well as to make it look more attractive for students.
The following is media images after the revision.
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Figure 2. SUTRI media after revision
After the revision, the media is tested on students. The test was conducted to assess student responses to the media developed. In the test, students were given questionnaires and were asked to rate the media. The result of the questionnaire analysis of student responses can be seen in Table 2 below:
Table 2. Student responses to media development
	Criteria Assessed
	Average score of each aspect

	Material presentation  

	I use mathematics learning media easily
	3,4

	Presentation of problems in the mathematics learning media helped me understand mathematical concepts 
	3,4

	I love learning mathematics through this learning media because it is interesting
	3,5

	This learning media makes me love mathematics
	3,5

	This learning media makes me want to understand mathematics even further
	3,4

	Language and display

	The instructions and information presented are easy for me to understand
	3,3

	Learning media display is attractive
	3,4

	Validity score
	3,41


From the student response test, it can be seen that the SUTRI learning media received positive responses from students with a validity score of 3.41 or 85.25%. In the implementation of this trial, it was carried out in group learning. This is done so that students can discuss using media to find and understand mathematical concepts. In group learning using this media, the role of friends in the group is very important to understand mathematical concepts[15]. 
	This media development research resulted in a learning media called SUTRI (Trigonometric Angle). This name is given so that students can better remember when faced with problems related to trigonometric angles. Because the use of media in learning will provide real experiences for students [16] and motivate them more to learn [17] the next topics. Concrete experiences or activities are also valuable learning [18]. The learning media itself can function as an interesting source of learning [19], and have a positive impact on children [20], [21].
	The process of making SUTRI learning media underwent a revision of the material used. Because previously, Styrofoam materials were considered less durable when used continuously by students. So, the validator team suggested to replace it with a stronger materials and more attractive appearance without changing the initial function of the media used. Researchers replaced it with acrylic material. And in fact, this acrylic material is easier to use in learning practice and in accordance with the purpose of creating a learning media [16], [17].
Based on the results of product validation and testing, it can be seen that the learning media in the form of SUTRI teaching aids to determine the special angle values in various quadrants is declared as valid. The validity of SUTRI media is based on the result of the media expert validation which showed an average score of 3.458 or 86.45%. Based on product testing on a small scale also shows positive responses of students. From the student response test, it can be seen that the SUTRI learning media received positive responses from students with a validity score of 3.41 or 85.25%. Students are also motivated to learn deeper in mathematics. This is in agreement with previous research that the use of media in learning can increase learning motivation [22]–[24]. With the existence of student motivation, the tendency of students to learn increases, this can result in the achievement of learning outcomes [25].
	The developed SUTRI learning media not only can be used to determine special angle values in various quadrants, but also to calculate all trigonometric angle values from 00 to 3600. In general, the advantages of SUTRI learning media in addition to the tools that are simple and easy to make, but the benefits exceed the purpose of making this media. Where at first the researchers only intended to use it in determining special angles in various quadrants, but in reality, after being tested, it could be used to calculate all angles between 00 to 3600.
	Besides the advantages of SUTRI learning media, there are a few disadvantages as follows: SUTRI media still requires a calculator to make it more efficient in the use of study time, due to many trigonometric angle values that contain decimal values with a lot of numbers placed behind the comma; and still needed conversion of decimal numbers in the root form.
4. Conclusion 
	SUTRI learning media is one alternative media that can be used by teachers as an interesting learning resource in teaching trigonometry, especially the determination of the values of special angles in various quadrants. The result of the validation test of media development indicates that the media is valid with an average score of 3.458 or 86.45%. Product testing on students showed that the media received a positive response from students with an average score of 3.41 or 85.25%. From this, it can be seen that through the worthiness validity test of using media and student responses testing in a small scale, SUTRI learning media is declared as valid and receive positive responses from students and is proven to be able to increase student learning motivation.
 In the development of SUTRI media, there were students who suggested making media with a rather small size, as small as a book, so that it is easier to be carried around. Based on the findings of researchers in the small-scale testing, researchers suggest for further researches to make similar learning media and more interesting and reduced in size.
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