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Abstract. Interactive multimedia is very important in learning, to help students learn mathematics so that they can learn independently, more easily understand and be motivated to learn. The purpose of this research describes the development of interactive multimedia using Adobe Flash CS6 based on problem-solving in learning trigonometry. This research was conducted in Indonesia. The research method used was the Research and Development (R&D) with the Analysis, Design, Development, Implementation and Evaluation (ADDIE) model. The research subjects were mathematics education experts, interactive multimedia experts, and 6 high school students. To test the feasibility of interactive multimedia, data were collected using the form of content validity, face validity, and questionnaires. Content validity measures the suitability of a concept with the curriculum syllabus and problem-solving. Meanwhile, face validity is more likely to measure performance style. The data collected were analyzed qualitatively. The results showed that interactive multimedia using Adobe Flash-based on problem-solving in Trigonometry learning was suitable for use as interactive multimedia in mathematics learning. The limitations of this research, which was carried out in the era of the Covid-19 pandemic, did not reach the implementation in the classroom but only limited trials with 6 students.
Introduction
Technology has a very important role in education, especially in learning. The use of technology in mathematics learning is recommended by the National Council of Teachers of Mathematics [1] and the 2013 Curriculum in Indonesia. Interactive multimedia is one of the technology-based learning media, which can stimulate students to learn mathematics [2]. Besides, interactive multimedia is very well used in learning to improve problem-solving skills [2,3]. Several studies on interactive multimedia have been carried out, such as [3] developing Augmented Reality-Based, the results of the study found that students' critical thinking using Augmented Reality-Based is better than before. Another, the development of Camtasia software has been carried out [4] the results of the study show that learning using Camtasia software is more interesting, students are enthusiastic and practical to use. The development research conducted [5] on the design of GeoGebra Applets shows that the GeoGebra Applets design can work as expected. Also, research [6] which developed the snake ladder game and mobile learning [7] research which developed about mobile learning, both studies found that the media developed can improve learning outcomes. Research [8] on designing media for cross-platform learning, research findings indicate that through this media can get better learning outcomes.
Examining the results of research that has been carried out earlier, shows that the importance of interactive multimedia in learning. Recently in schools located in the regions, the learning media used are still limited to books, power points, non-interactive videos, manual teaching aids. Therefore it is necessary to have innovation in learning media, namely interactive multimedia so that students are motivated to learn and enthusiastic.
The multimedia developed in this study uses problem solving-based Adobe Flash CS6. This is because problem-solving is a characteristic of mathematical activities [9] and problem-solving is one of the Higher Order Thinking Skills (HOTS) that students must master [10,11]. Likewise [2,4] suggested that interactive multimedia can train students in problem-solving. Students can solve problems at school and in everyday life [12,13]. Problem-solving is a focus in mathematics education because it can improve the skills of higher students [14]. Research conducted in Turkey by [15] shows that problem solving is very crucial in middle school students. The problem solving used in this study according to [16] includes understanding problems, devising a plan, carrying out the plan, looking back. This research is on the material Trigonometry because the material is difficult to understand by students. The purpose of this study is to describe the development and production of interactive multimedia products using Adobe Flash CS6 based on problem-solving on trigonometry.
Method
This study uses the Research and Development (R & D) method, adapting from [17] there are five stages: Analysis, Design, Development, Implementation, and Evaluating (ADDIE). The subjects in this study were 6 high school students and teachers in Indonesia, mathematics education lecturers, and interactive multimedia experts. The product in this research is interactive multimedia on the concept of trigonometry using Adobe Flash CS6 based on problem-solving. The research instrument uses content validity and face validity forms for experts and questionnaires for students. Data collection techniques provide form content validity and face validity for experts and questionnaires for students. The data analysis technique uses descriptive qualitative including the stages: data reduction, data presentation, and conclusions.
The stages of developing this interactive multimedia using ADDIE:
a. Analysis Stage
The analysis stage consists of a need assessment and front-end analysis. Need assessment is the process of digging up information about the gap between the real situation and the expected situation. Researchers conducted observations to schools in Indonesia, and interviews with teachers to determine the conditions of the school regarding learning media commonly used in learning. Analyze gaps, and determine priorities for actions to be taken. 
2. Design stage
After conducting a needs analysis, then designing the initial interactive multimedia using Adobe Flash CS6 on Trigonometry based problem-solving. The programming language, namely Actionscript 2.0, which can be inserted Javascript, Hyper Text Markup Language (HTML), Personal Home Pages (PHP) and database with the Extensible Markup Language (XML) approach, can be collaborated with the web because it has the advantage of small file size. 
3. Development Stage
In the development stage, the researcher carried out a feasibility test for content validity, face validity and construct validity. Content validity consisted of conformity to the 2013 curriculum, problem-solving abilities, and conformity to student characteristics. Face validity is a display of the consistency of layouts, images, colours, buttons, and ease of use. 
4. Implementation Stage
Interactive multimedia that has been developed at this stage has been tried to be limited to students because during the Covid-19 pandemic in schools there was no face-to-face learning in class. 
5. Evaluating Stage
The evaluation stage is a process to find out which interactive multimedia is successful and the goal is achieved, namely understanding the concept of trigonometry. 
Results and Discussion
This research produces interactive multimedia using Adobe Flash Professional CS6 software in the programming language action script on Trigonometry. Research and Development use the ADDIE model, namely Analysis, Design, Development, Implementation and Evaluation. The development process begins with the analysis stage, namely the need assessment and front-end analysis to determine the conditions and needs in schools regarding learning media. Researchers conducted surveys to schools and interviews with teachers. Information was obtained that the mathematics learning media used were textbooks, simple power points, instructional videos, and conventional teaching aids that were not supportive of learning in the Covid-19 era. All existing learning media are not based on interactive multimedia. Even though schools have available school laboratory facilities. Besides, information was obtained that one of the materials that are difficult to understand is Trigonometry. Thus, innovation is needed in learning, using media that students can learn independently and in an interesting way, namely interactive multimedia. Then prepare the required software and hardware, content materials such as materials, images, animation and audio, to design the initial design. Prepare the components contained in interactive multimedia, namely materials, menus, media features in the navigation structure, flowcharts and storyboards.
Furthermore, the design stage, at this stage, makes a design in the form of a flowchart including the navigation structure, program block diagrams, storyboards. The navigation structure is a description of the relationship between various interactive multimedia content as a guide for the flow to explore students' mathematical problem-solving abilities and the association of all elements that will be used in interactive multimedia. A program block diagram is a diagram that briefly describes an interactive multimedia flow. The program block diagram is developed based on the pre-designed navigation structure. In general, the program block diagram that is designed consists of several parts, namely the main slide consisting of menus and navigation, material slides, and evaluation slides. The design includes: 1) home consisting of titles and eight other menus, namely instructions, maximize, competence, material, evaluation, game, profile, and exit, 2) instructions include the use of buttons for interactive multimedia, 3) competence consists of basic competences and indicators of competency attainment of the trigonometric comparison material on the triangle, 4) the material consists of teaching materials that must be done by students, 5) evaluation, namely student exercises, 6) puzzle games, 7) profiles.
After the components are completely prepared, then go to the design stage. At this stage, the development includes the activities of collecting materials, assembly, programming, testing, and packaging so that an initial interactive multimedia design is obtained using Adobe Flash CS6 on Trigonometry to explore problem-solving. The initial design of interactive multimedia begins with creating a navigation structure, mapping in navigation is a relationship between several interactive multimedia contents: a cover page that is linked to the home page, then linked to the instruction page, teaching materials, practise questions, games and profiles. Furthermore, the initial design was made based on the program block diagram, namely the home page is the main page menu, the material page is a concept map page, teaching materials and the evaluation page is a question practice page. As well as a storyboard that contains a brief descriptive description of the interactive multimedia flow to explore solving mathematical problems of students from the beginning to the end of the program. The designed storyboard consists of layer names, visual design, sound and navigation. The interactive multimedia main page, menus and flowchart can be seen in Figure 1.

[image: D:\RANI'S FILE\BISMILLAH SKRIPSI AGUSTUS\bahan skripsi\oke.png][image: D:\RANI'S FILE\BISMILLAH SKRIPSI AGUSTUS\bahan skripsi\oke.png][image: ]
Figure 1. Main menu and flowchart

Figure 1 illustrates that the visual design is made with several interactive multimedia pages on the home page which contains a title with eight other menus, namely instructions, competencies, material, evaluation, games, profile and exit. Help page serves to provide interactive multimedia usage instructions based on the buttons that have been created. The competency page contains basic competencies and indicators of achievement of trigonometric material competencies. The material page contains teaching materials that must be understood by students in learning by doing way, equipped with instructions. The material menu flowchart can be seen in Figure 2. While Figure 3 is an example of one display, namely the material menu.
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Figure 2. Material menu flowchart
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Figure 3. Example of one display



The evaluation page has a problem solving, students can find out the value of the answers obtained, there is a correction button to check the answer of the students is correct or wrong, if the answer of the students is wrong they can repeat the answer. Game pages have puzzles that students must do, besides games to motivate students to learn. Finally, the profile page contains the researcher data, as well as the exit page to exit the program. Figure 4 is an overview of the evaluation page and flowchart.
[image: ]
Figure 4. Overview of evaluation displays with a flowchart
From the flowchart, the initial design of the evaluation page is made so that the evaluation page view is obtained as shown in Figure 5.
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Figure 5. Evaluation page display
After making the initial design then go to the development stage. At this stage, the initial design is developed based on suggestions and input from lecturers who are competent in problem-solving, interactive multimedia experts, learning design experts, and mathematics teachers. Furthermore, it is validated including face validity, content validity, and construct validity. Face validity assesses display aspects, colour suitability, editorial readability, image suitability, and flow clarity. The validity content includes conformity between the material with the syllabus and curriculum, the suitability of the material with problem-solving questions and indicators, and conformity to user characteristics. The validity construct consists of content, presentation, and image components. The results of the validation from the math teacher on July 9, 2020, stated that the trigonometry material and the questions were by the 2013 curriculum and syllabus. Also, the validation results from lecturers who are competent in problem-solving that the steps of mathematical problem-solving abilities with indicators of understanding problems, planning solutions, implementing plans and checking the results are declared valid. The drawback is not maximized in exploring student problem-solving. Based on this statement, the arrangement of material with mathematical problem-solving steps in interactive multimedia is suitable for use with improvement.
Validation from learning design experts on 22 and 23 July 2020 stated that interactive multimedia content is by the 2013 curriculum. Colors, images, instructions are clear and are following user characteristics, but the context used is unclear because it lacks images to help understand. Thus learning design experts state that interactive multimedia products to explore students' mathematical problem solving abilities are feasible to use with improvement. The results of the validation from interactive multimedia experts on July 27, 2020 stated that the suitability of interactive multimedia content and graphic components, displays or interactive multimedia designs was declared valid. Based on this statement, interactive multimedia products to explore students' mathematical problem solving deserve to be used with improvement. Validation was carried out several times, the suggestions and input are summarized in Table 1.

	
	Table 1. Suggestion from experts

	Validator
	Suggestion

	Material and problem solving experts
	1) Instructions must be clear so that students can understand problem solving
2) Improve the planning completion stage
3) Add information to work on step of implementing the plan
4) Use another method in step looking back

	Learning design experts
	1) Add information linking between theory
2) Improve the story about problems in everyday life

	Interactive multimedia experts
	1) Add audio to the animation on out of context
2) Add animation to the correction button
3) Basic competency layout and achievement indicators are put together



[bookmark: _GoBack]Based on the suggestions of the validators on the initial interactive multimedia design, it is corrected repeatedly so that the final interactive multimedia design is obtained. An example of one page in the final interactive multimedia design can be seen in Figure 6.
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Figure 6. Example of final design problem solving display
The next stage of implementation, at this stage interactive multimedia, was tried on a limited basis because the research was carried out in the Covid-19 Pandemic era which did not allow face-to-face learning in class. Interactive multimedia is implemented to a small group of 6 subjects taken purposively from grade 10 IPA 4 high schools in Indonesia. Each subject is taken by 2 people from the high, medium, low achievement groups. After students learn to use interactive multimedia, then they are given a questionnaire to retrieve student response data to interactive multimedia. Student responses can be seen in Table 2.
	Table 2. Student responses to interactive multimedia

	Subject
	Response

	S1
	Directions, editorial, problem-solving can be understood easily and clearly, attractive colours and contrast, audio sounds clear, the animation is very smooth, easy to use, Trigonometric material is easier to understand. Students are motivated to learn Trigonometry because learning varies is not monotonous. In the future, interactive multimedia needs to be made again on other materials so that learning is not boring.

	S2
	The text is very clear, the images are very clear and neatly arranged, the audio is very clear, the animation is attractive, the language used is short, concise, clear, not too long, easy to understand, very easy to use and effective. I became more enthusiastic about learning trigonometry and I needed to make an application like this for other materials so that I could study anywhere and anytime.

	S3
	The text and animation are clear, attractive so that they are easy to understand, the images are attractive, the audio is clear, the text is not long, and it is easy to use because the animation fits its function. I am motivated to learn Trigonometry because it is easier with interesting animations. You need to make an application like this for other materials so you don't get bored when studying mathematics.

	S4
	The text is very clear, the image is very clear, the audio is clear, the animation is attractive, the language is clear, easy to use, can be understood, can be applied. I am very motivated to study Trigonometry. Interactive multimedia needs to be made in the next material to make it easier

	S5
	The text is clear even though some parts are still confused, the image is very interesting, the audio is quite interesting and adds excitement, the animation is interesting, the language and explanation are quite interesting. Very easy to use, the problem is easy to understand even though the answer is difficult. Increase motivation and enthusiasm for learning Trigonometry. It seems that an application needs to be made in other materials because it is interesting to learn.

	S6
	There are parts of the text that are less clear, the image is very interesting even though it lacks variety, attractive colours, clear audio and animation, clear editorial. The problem is easy to understand even though it is sometimes confusing. Motivated to understand Trigonometry material and other materials, it needs application too.



The last stage is evaluation, the subject is given a problem-solving test on Trigonometry. This test is to find out how students understand the Trigonometry material that is learned using interactive multimedia. The results can describe the effectiveness of learning through interactive multimedia. The test results are presented in Table 3.
Table 3. Problem solving test results
	Subject
	Understanding problem
	Devising a plan
	Carrying out the plan
	Looking back
	Score

	S1
	2
	3
	2
	3
	10

	S2
	2
	3
	1
	3
	9

	S3
	1
	3
	1
	2
	7

	S4
	2
	2
	2
	2
	8

	S5
	1
	2
	1
	1
	5

	S6
	1
	2
	1
	2
	6

	
	
	
	
	
	


Based on Table 3, of the 6 subjects, 4 have reached mastery learning, and there are no subjects who do not answer. Thus interactive multimedia using Adobe Flash CS6 on Trigonometry is effectively used to explore problem-solving.
Conclusions
Development of interactive multimedia on trigonometry using Adobe Flash based on problem-solving, suitable for use in learning according to mathematics education experts, multimedia, and users. The initial design of interactive multimedia to explore mathematical problem-solving abilities in trigonometry, shows that the navigation structure has not worked on all elements, the display is not yet colourful and eye-catching, the subject matter presented is not by student characteristics, the sound effect is incomplete. Thus there is still much that needs to be improved by the advice and input from experts. The final design shows that interactive multimedia is easy to use because it is set with a simple navigation system, a colourful and eye-catching display, games and sound effects that make learning mathematics more interesting and the concept of trigonometry easier to understand. User justifies interactive multimedia that text, images, audio, animation, is very clear and easy to understand. Besides, the language used is very clear, the applications and concepts of Trigonometry are easier to understand. Overall user response to the final interactive multimedia design is very good and can help in understanding the concept of Trigonometry.
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