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Abstract— The development of technology has an effect on smartphone addiction. Students become smartphone users who are compulsive and vulnerable to negative consequences. Books used by students are less interesting to read, other than that students are more interested in reading comics than academic books. Comics have systematic stories that make it easy for readers to follow their contents. The shift in the value of knowledge shows that the value of local knowledge or local wisdom is forgotten. Physics learning can balance physics knowledge with the cultivation of scientific attitudes, as well as national character values based on local wisdom (the game Pak-pak dor and Sulamanda). Students make mistakes in the problem solving stage when using mathematical representations. The low mathematical ability of students and the lack of teacher understanding of HOTS. Creative thinking has many limitations because creative thinking is a multifaced phenomenon. Even if used properly, smartphones, comics, and local wisdom can be used in the learning process. The process can improve the mathematical representation ability, HOTS, and creative thinking of students.This study aims to produce physics media based on local wisdom comics (game Pak-pak dor and Sulamanda) assisted by android to improve the ability of mathematical representation, HOTS, and creative thinking. This research was a development research with reference to 10 R&D cycles consisting of 10 stages namely; 1. introduction which contains information gathering (literature review and observation survey of learning); 2. designing research (research objectives, estimated costs and time, and work procedures in research); 3. initial product development (analyzing physical aspects of local wisdom, designing comics according to KI, KD, and Indicators); 4. preliminary field test; 5. major product revisions; 6. Main field test; 7. major field test revisions; 8. operational field test (operational field test); 9. revision of the final product; 10. product disseminator.The data of this study were assessments and suggestions for improving the learning tools of the validator, mathematical representation ability, HOTS, and students' creative thinking. Research data were captured through questionnaires, written tests, and observations. Data analysis used were qualitative and quantitative analysis to revise and determine the quality of the learning tools developed.
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Introduction
Technological developments affect smartphone addiction. Low academic achievement has a negative influence on school life [1]. Smartphones are now a mandatory item for everyone [2]. Students view smartphones as an entertainment tool with time of use becoming a habit [3]. Trends in the development of technology and information can be utilized in education as a means of learning outside and inside the classroom [4].
The development of life shows animation, comics, and games have a big influence on the entertainment market [5]. The 9th century comic carries an important legacy in creating its own narrative code [6]. Comics include media that are often used in daily life as entertainment facilities. Comics are not only functioned as an entertainment tool, but are also used in education [7]. Language in comics can change rigid science into simple science that can be understood by students [8].
Multiple representatation in solving problems, including verbal, diagram / picture, mathematics / symbolic, and graphics. Performance on math problems is worse than other formats despite students' preferences for calculation questions [9]. Students make mistakes in problem solving when using physics diagrams and mathematical representations [10]. Students are shown the importance of numerical understanding for the development of mathematical skills. The discovery of mathematical representation can predict students' mathematical achievement [11].
Indonesian local wisdom has the role of building the nation's character and has the potential to be mixed in the 2013 curriculum due to its regional characteristics in many aspects, such as technology, economy, culture, information and communication, ecology, and others [12]. Local wisdom based education teaches students to be close to the environment around the place of learning. Physics learning is able to develop thinking creativity and national character based on local wisdom. Physics learning can balance physics knowledge with the cultivation of scientific attitudes, as well as national character based on local wisdom [13-14].
Based on the description that has been explained, it is necessary to have research with the title "Development of Physics Comics Based on Local Wisdom (Pak-Pak Dor and Sulamanda) Assisted by Android to Improve the Capability of Mathematical Representation, HOTS, and Creative Thinking".
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Figure 1. Problem Solving Framework

LITERATURE REVIEW
TPACK
The key to the success of learning physics is shown in the educational technology that is used, because physics is a subject that contributes greatly to the scientific and technological development of society [15-16].
Learning needs to be integrated by utilizing technology. A theoretical framework has emerged recently to guide research in the use of ICT is Technological, Pedagogical, Content Knowledge (TPACK) [17]. The technology pedagogical knowledge framework (TPACK) has the potential to provide a strong foundation for future technology integration research and provide theoretical guidance on how teacher education programs can approach training candidates who can use technology in content-specific and general ways [18]. 
TPACK is an emerging form of knowledge that transcends the three core components (content, pedagogy, and technology). The importance of the development of TPACK by teachers to understand and overcome the contextual factors of the use of tablet computers in education for effective teaching with technology [19-20].
Students' mathematical skills are needed for physics problems and explain how equations are used, because physics lessons contain concepts that can be represented in several forms of representation [9], [21].
The ability of mathematical representation is the ability to modify and combine mathematical functions or equations [22]. Mathematical representation, namely: (1) representing real objects in pictures, diagrams or mathematical models, (2) describing ideas, situations, and mathematical relationships in writing in the form of tables, diagrams, pictures or graphs, (3) describing daily events days in language or mathematical symbols, and (4) changing the form of mathematical representation to other forms of mathematical representation [23].
Effective learning by developing High Order Thinking Skills (HOTS), including identifying, integrating, analyzing, evaluating, and creating, can significantly improve learning performance [24-27]. HOTS includes the ability to analyze (C4), evaluate (C5), and make (C6) [26].
Creativity such as fluency, flexibility, originality, elaboration is the ability to solve problems from knowledge and are identified as strategies in developing creative thinking skills to create an environment that supports education [28-30].

Local Wisdom
Local wisdom is the cultural values of the community as a product of local knowledge that provides a local context in the development of science [31-33]. The use of local wisdom in learning science changes the exclusive view of science, becoming science for daily living, science for the future, and science for all [34]. Integrating the values of local wisdom in the 2013 curriculum because its regional characteristics in many aspects become important as one of cultural wealth, nation formation, and maintaining the nation's cultural values [35], [12]. Science domain based learning that integrates local wisdom can improve students' science process skills and scientific attitude [36].
Traditional Sulamanda or Engklek games contain problem solving values that consist of finding and understanding problems, developing good problem solving strategies, and exploring solutions [37].
Pak Pak game is a shooting game made of long bamboo blades, with paper bullets. The sound in the packages bam occurs because of a change in pressure. When a push is applied to a paper bullet, it will produce a compression of space in the bamboo tube, causing the pressure inside to rise, and as the volume continues to be pushed smaller, this pressure forces the bullet to come out and produce a sound. 
Physics concept of pak-pak dor local wisdom is shown in Table 1
Table 1. Physics Concept of Pak-pak Dor Local Wisdom
	Activities
	Theory

	Kinetic Theory of Gases

	When the bullet starts to be pushed, the volume inside the bamboo tube shrinks, the pressure rises
	Ideal Gas Equation and Ideal Gas Pressure (P)




For isothermic conditions, a comparison is used:


	Parabolic Motion

	When pak-pak dor are fired at certain angles, the bullets come out of the bamboo and form a parabolic motion
	Parabolic trajectories can be illustrated as shown below.
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Figure 1. Parabolic Motion Track
· Initial velocity
                    
· Velocity
             
· Distance / Height
         
· Maximum Height / Distance
                     

	Sound Wave

	When the bullet comes out of the bamboo it makes a sound
	Sound waves are included in longitudinal waves that occur due to stretching and sealing in liquid, solid, or gas mediums. 
a. Sound velocity in solids    
b. Sound velocity in liquid   
c. Sound velocity in gases  



Physics concept of sulamanda local wisdom is shown in Table 1
Table 2. Physics Concept of Sulamanda Local Wisdom
	Activities
	Theory

	When the engine is in a state of silence or movement
	1) Momentum
When the gaco has mass m in stationary condition () or moves (). Gaco has momentum that indicates the state of motion of the engine. Momentum is a measure of difficulty in stopping the motion of an object. Momentum is influenced by mass and speed, these equations can be written like Equation 1.
                                   (i)

	When the spurs come into contact with other gaco or Sulamanda traditional game plots within a certain interval of time
	2) Impulses
Force when the gaco touch each other with another gaco or Sulamanda traditional game plot in a short period of time. Players give an average impulsive force  to another gaco or game plot in a short interval of time. So that the impulse can be written like Equation 2.
                                   (ii)
Impulses are proportional to the impulsive force - average and time interval, the greater the impulsive force - the greater the impulse. Impulse is also a change of momentum, can be seen from changes in the velocity of the motion. The formula can be written like Equation 3.
                                
                         (iii)

	When there is a gaco pounding another gaco or about another player.
	3) Collision
When the gaco hits another gaco, there will be a collision process between the gaco. In any collision process, momentum is always eternal as long as there is no external force acting (total zero external force). So as written in Equation 4.
            (iv)
Here we consider the gaco to experience collisions each does not change. In the collision process, in addition to speed, the mass of each object before and after the impact can change. For example, after the collision, the two gaco join, or after the collision there is a broken gaco
The collision process is divided into 3 types, namely:
a) perfectly resilient collision ,
b) partial resilient collisions, and
c) collisions are not resilient at all .
Where, e is the value of the restitution coefficient obtained from Equation 5.
                                (v)


[38]
Comic
Comics are one of the superior educational media compared to other media, both for increasing knowledge [7], [39-40].
Comics have humor and narrative features, allowing multiple perspectives, visually and verbally, are considered as potential innovative media for science communication and can convey life messages [8], [41-43]. Unlike textbooks, stories and comics allow many perspectives, visually and verbally, and apply the beginning, end, climax moments, and focal points, as well as the complexity of complex stories, textbooks, virtual reality simulations [41].
Learning to use comics that includes illustrations and written content is an effective intervention to increase knowledge. Comic learning is an innovative communication media that can be used to achieve goals [43].

Mobile / Android based learning 
Mobile learning (m-learning) uses Android by combining strategies to provide broader opportunities in mobile technology, improve student learning abilities, higher-order thinking skills, motivation, and enable student-centered learning processes [27], [44-45]. The use of Physics Mobile Learning (PML) media products assisted by Android can improve students' divergent thinking abilities and HOTS physics [46].

METHODOLOGY
The final product of the research was the physics learning comics media based on local wisdom on sound material and contextual impulses and momentum to improve mathematical representation, HOTS, and students' creativity. The research model used was the development of R & D education (Educational Research and Development) referring to the 10 R&D cycles which consist of 10 stages, namely: (1) Introduction which includes information gathering (literature review and survey of learning observations); (2) Designing research (research objectives, estimated costs and time, and work procedures in research); (3) initial product development (analyzing physical aspects of local wisdom, designing comics according to KI, KD, and Indicators); (4) Preliminary field test; (5) Major product revisions; (6) Main field test; (7) Major field test revisions; (8) Operational field test; (9) Revision of the final product; (10) Product disseminator.
The type of data to be obtained was qualitative and quantitative data. Qualitative data were in the form of survey data, while quantitative data were obtained from product feasibility assessments, scores on mathematical representation abilities and cognitive abilities of students, such as high order thinking skills and creative thinking skills.
Retrieval of data in this study used two instruments, the non-test instrument and the test instrument. Non-test instruments were in the form of questionnaires and survey observation sheets, product evaluation questionnaires and sheets, attitude observation sheets, self-assessment questionnaires, student questionnaire responses, and peer-to-peer evaluation questionnaires. The test instruments used in this study were short answer questions and descriptions to assess students' mathematical and cognitive abilities, such as high order thinking skills and creative thinking skills.
A qualitative data analysis technique was used to analyze the results of the survey need assessment. While quantitative analysis conducted quantitatively was used to determine product viability, an increase in mathematical representation abilities and cognitive abilities of students, such as high order thinking skills and creative thinking skills. Analysis of this data was done by calculating the normalized-gain (N-gain) pretest and posttest after the application of learning, which was formulated as follows [45].
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Information: 
Spre		= Pre-test score
Spost 	= Post-test score
Smaks 	= Maximum score

Classification of the normalized gain (g) was as follows: height g> 0.7; moderate 0,3 ≤ g ≤ 0,7; low g <0.3 [48]. Besides the descriptive increase in gain was described by normalized gain, inferentially done by multivariate analysis with the help of the SPSS computer program.
The study was conducted in two places namely in Brebes Regency which had local wisdom Pak-pak dor to improve mathematical representation ability and HOTS, and Cilacap District which had local wisdom Sulamanda to improve mathematical representation ability and creative thinking.

RESULT AND DISCUSSION
The results obtained were known differences in learning outcomes using the media and without using media. These results could be known from the results of several analyzes that had been conducted. Product trials produced test results in mathematical representation ability, HOTS, and creative thinking of high school students. The results of the research in the two districts with local wisdom Sulamanda and Pak-pak dor were presented and analyzed respectively. 
The results of the study using physics comics based on local wisdom Pak-pak dor to improve mathematical representation and HOTS were presented in Table 3 and Table 4.
Table 3. Results of Mathematical Representation Ability
	No
	Class
	Number of Student
	Average Representation Ability
	Average Gain Value
	Category

	
	
	
	Pretest
	Posttest
	
	

	1
	Experiment
	36
	18,63
	82,75
	0,79
	High

	2
	Control
	35
	19,40
	77,61
	0,72
	High



Table 3 shows the gain value of the mathematical representation ability of each experimental and control class is 0.79 and 0.72 which is included in the high category.
Table 4. Results of High Order Thinking Skills (HOTS)
	No
	Class
	Number of Student
	Average High Order Thinking Skills
	Average Gain Value
	Category

	
	
	
	Pretest
	Posttest
	
	

	1
	Experiment
	36
	19,44
	80,78
	0,75
	High

	2
	Control
	35
	24,76
	71,90
	0,61
	Medium



Table 4 shows the gain value of the HOTS ability of each experimental and control class is 0.75 and 0.61 which is included in the high and medium category.
The results of the study using physics comics based on local wisdom Sulamanda to improve mathematical representation and creative thinking skills were presented in Table 5 and Table 6.
 Table 5. Results of Mathematical Representation Ability
	No
	Class
	Number of Student
	Average Representation Ability
	Average Gain Value
	Category

	
	
	
	Pretest
	Posttest
	
	

	1
	Experiment
	30
	29,50
	83,50
	0,77
	High

	2
	Control
	
	31,17
	75,50
	0,64
	Medium



Table 5 shows the gain value of the mathematical representation ability of each experimental and control class is 0.77 and 0.64 which is included in the high and medium category.
Table 6. Results of Creative Thinking Skills
	No
	Class
	Number of Student
	Average Creative Thinking Skills
	Average Gain Value
	Category

	
	
	
	Pretest
	Posttest
	
	

	1
	Experiment
	30
	23,83
	85,17
	0,80
	High

	2
	Control
	
	18,00
	74,00
	0,68
	Medium



Table 6 shows the gain value of the creative thinking skills of each experimental and control class is 0.80 and 0.68 which is included in the high and medium category.
The statistical test used was multivariate analysis (MANOVA) to determine the influence of local wisdom physics comic media: the game of Sulamanda and Pak-pak dor assisted android on the ability of mathematical representation, HOTS, and creative thinking of high school students. Nine prerequisite test steps performed:
1)	Dependent variable consisted of three namely mathematical representation, High Order Thinking Skill, and creative thinking in the form of continuous data.
2)	The independent variable consisted of two categories, namely local wisdom based comic media Sulamanda games or Pak-Pak dor games which were tested in the experimental class and learning media which were usually applied in the control class.
3)	Observation of each class was different from the previous trial class.
4)	Samples of each control and experiment class each amounted to more than 25 samples.
5)	There were no univariate and multivariate outliers.
6)	Multivariate Normality Test
Analysis of normality in the Shapiro-Wilk test obtained sig. more than 0.05. That meant the data of the two experimental and control class groups were normally distributed.
7)	Linearity Test
8)	Homogeneity test of variance-covariance matrices
Homogeneity test results using Box’s Test obtained sig values. more than 0.05 showed the value of the ability of mathematical representation and creative thinking that had relatively the same variance.
9)	Correlation Test (No multicollinearity)
Pearson Correlation results obtained r values in the range of 0.20 to 0.80, and included in the weak category so that there was a correlation between the ability of mathematical representation and creative thinking in the experimental class and the control class, and there was a correlation between the ability of mathematical representation and HOTS in the class experiment and control class.
The results of the MANOVA analysis showed that the significance value indicated the value of 0,000 <0.05. The conclusion that could be drawn from this multivariate test was that there were differences in the ability of mathematical representation, HOTS, and students' creative thinking between learning using comics media Local wisdom physics: the game Pak-pak dor and Sulamanda assisted by android with learning using textbooks and the usual media provided school. The results of effective contributions given to each variable in each class were different, meaning that there were differences in effectiveness for each class.
The results of effective contributions in the trial using physics comics based on local wisdom Pak-Pak Dor to improve mathematical representation and HOTS included:
a.	The effective contribution of the experimental and control class was 96.5% and 95.5% to the increase in mathematical representation ability and HOTS.
b.	The effective contribution of the experimental and control class was 95.7% and 94.7% for the improvement of mathematical representation ability.
c.	The effective contribution of the experimental and control class was 89.5% and 83.2% to the increase in HOTS.
The results of effective contributions in the trial using physics comics based on local wisdom Sulamanda to improve mathematical representation and creative thinking skills included:
a.	The effective contribution of the experimental and control class was 94.3% and 92.3% to the increase in mathematical representation ability and creative thinking skills.
b.	The effective contribution of the experimental and control class was 91.4% and 87.7% for the improvement of mathematical representation ability.
c.	The effective contribution of the experimental and control class was 91.6% and 89.4% to the increase in creative thinking skills.
The comic physics products based on local wisdom of the Sulamanda game produced were presented in Figure 2 (a), (b), (c), and (d). Whereas physics comic products based on local wisdom produced by Pak-pak dor were presented in Figure 2 (e), (f), (g), and (h).
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Figure 2. (a) Comic Cover (b) Impulse and Momentum Chapter (c) Examples of Questions in Comics, (d) Examples of Sulamanda games (e) Comic Cover (f) Sound Wave Chapter (g) Examples of Questions in Comics (h) Example of the game Pak-Pak Dor.

CONCLUSION
The results show that the comics media Physics of local wisdom; the game Pak-pak dor and Sulamanda assisted by android to improve the ability of mathematical representation, HOTS, and creative thinking of high school students contained a complete explanation of the material associated with local wisdom, learning videos, discussion sheets, sheets experiments, examples and practice questions. The product could be operated using a smartphone with the EPUB Reader application or a computer with an internet browser. 
[bookmark: _GoBack]Pak-pak dor based physics comic products were categorized as suitable for use in the physics learning process based on an assessment of 3,26 from a scale of 1-4 with a good category. The average result of the gain standard of mathematical representation ability of the experimental class was 0.79 and the control class was 0.72 with the high categories. While the average result of the standard gain of creative thinking ability of the experimental class was 0.76 and the control class was 0.62 with a high and medium category. 
Sulamanda-based physics comic products were categorized as suitable for use in the physics learning process based on an assessment of 4.07 from a scale of 1-5 with a good category. The average result of the gain standard of mathematical representation ability of the experimental class was 0.77 and the control class was 0.64 with the high and medium categories. While the average result of the standard gain of creative thinking ability of the experimental class was 0.80 and the control class was 0.68 with a high and medium category. 
There was a difference between the experimental class and the control class with a significance level <0.05. This shows that the local wisdom Physics comic media: the game Pak-Pak Dor and Sulamanda assisted by Android to improve the mathematical representation ability, HOTS, and creative thinking of high school students.
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