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Abstract — This research focuses on producing media of physics comic based on local wisdom (Long Bumbung and Nglarak Blarak) assisted by android to improve the ability of physical representation, diagrams, and, mathematical, HOTS.

This study aims to: (1) produce learning products in the form of physics media comics of local wisdom (Long Bumbung and Nglarak Blarak) assisted by android that are suitable for use in learning physics; (2) measure the increase in the ability of physical representation, diagrams, and, mathematically, HOTS high school students.
This research included development research (R&D) with a 4D development model, namely Define, Design, Develop, Disseminate. The research design was an experiment using pretest-posttest design. The research instruments in the form of tests and non-tests were validated by expert lecturers (material and media), physics teachers, and colleagues before being used to be valid. The data analysis technique used was descriptive qualitative with standard gain, MANOVA statistical test with SPSS. The results showed that learning physics by using physics media comics with local wisdom assisted by android was appropriate to be used in learning based on assessments by experts, physics teachers and colleagues in the excellent category. Products that were developed effectively could improve the ability of physical representations, diagrams, and, mathematical, HOTS experimental and control classes based on statistical test values.

Keywords— Physics Comics, Physical Representations, Diagrams; Mathematical; HOTS Local Wisdom, Long Bumbung; Nglarak Blarak
I. Introduction (Heading 1)

The problem that often arises in the world of education is that technological development is not in line with the use of IT for learning and addiction to smart phones. Most students still use smartphones to play games and social media. The use of media as a learning aid is considered not maximally applied because it takes a long time so it is rarely used. To that end, teachers make media innovations in the form of comics. Comics that are developed will make students access a lot of information after reading comics.

Another problem arises in the low ability to think high level (HOTS) and the ability to multiple representations, in the form of physics, diagrams and mathematics in learning physics. In addition, Indonesia, which is rich in local culture, is less integrated into learning. The purpose of this study is to develop learning media based on local wisdom through mobile leraning to improve high-level thinking skills (HOTS) and multiple representations.
The majority of students are at a low cognitive level in the form of remembering, defining, and solving problems through mathematical equations [1]. Some students have problems in formulating mathematical and conceptual concepts [2]. In fact, physics is closely related to facts, concepts, laws and theories that are commonly found in everyday life. A study presents scientific reasoning is quite low [3]. The study of teacher skills from aspects of teacher HOTS assessment shows the weakest aspect [4]. In learning physics, students have difficulty representing concepts in free diagrams [5] [6] [4] [3]. Students have difficulty reading / interpreting diagrams and proof of mathematical formulas [7]. Therefore it is important for teachers to implement learning that can hone the ability of multiple representations or HOTS.
Cases that are often found show that technological development has not been comparable with the use of IT [8] [9] [10] [5] [4] [11]. Smartphones make it easy for humans to obtain and find information quickly and accurately. However, on the other hand the negative impacts of addiction [12] [8] [5]. Comics became the opiate of students, especially Asian [7] [13] [12] [11] [10] [9] [8]. Smartphone addicted students have difficulty in learning [9]. The intensity of the use of smartphones is mostly for playing games and social media [8] [8] [9], to the indirect impact of decreasing thinking productivity [9]. Thus, there needs to be innovations for teachers to be more familiar and observant of the use of IT in learning.
This research is a research and development (R&D) with 4-D (Four-D Models) by the Lesson. The sample consists of a control class and an experimental class. The data collection method is done by using a written test technique consisting of a pretest and posttest. The data of this study are assessments and suggestions for improving the learning tools of the validator, HOTS, the ability of physical representation, diagrams, mathematical and HOTS of students. Research data captured through questionnaires, tests, and observations. Data analysis uses qualitative and quantitative analysis to revise and determine the quality of the learning tools developed. Data analysis was performed with a multivariate statistical test using SPSS software.
This research was designed with the TPACK approach, which is a framework for designing innovative learning models by combining aspects of technology, pedagogy and material / content. The role of education in creating interactive learning is considered necessary without shifting the value of local knowledge which is currently largely forgotten. This study combines smartphones and comics by integrating them into local wisdom, long bumbung and nglarak blarak, to improve high-level thinking skills (HOTS) and physical representations, diagrams, and mathematical.

Learning is closely related to the use of teaching materials or learning media. Contextual and comprehensive teaching media become very good for studying physics. Physics comics as a learning media are expected to be able to provide stimuli for students to respond and think more deeply through events that contain clarity of physics material and examples of questions relating to local wisdom. Physics comics as a learning medium are developed to facilitate students in solving problems and encourage students to analyze problems more deeply. The use of local wisdom makes learning attractive for students to have real experience according to the application of physics.
Physics Comics media products contain physics material that is equipped with examples of questions and practice questions. Teaching materials are arranged based on related physics concepts and events on local wisdom long bumbung and nglarak blarak. Physics comics also integrate deep questions in each story plot. Physics comics also present a combination of concepts in visual or written form to stimulate students in developing their representational abilities.
Comics developed with the android system can be read through mobile devices having positive sides such as flexibility of use [14] [1] [7] [6] [15] [16] [17] [13]. The development of comics gave a positive contribution in learning physics of Newton's Laws through the simplification of concepts and images [17] [16]. In addition, comics contribute to the ease of learning in sound material [15] [14]. Comics should be used as a good learning medium, by entering several aspects that support the achievement of learning objectives.
The role of educators in creating interactive learning without shifting local knowledge has been largely forgotten [18] [4] [2]. The use of local wisdom makes students have real experience [19]. So learning with a local wisdom approach can bring contextual learning and at the same time promote cultural values.
II. LITERATURE REVIEW

a. Pembelajaran Fisika
TPACK (Technological, Pedagogical, and Content Knowledge) is a framework for designing innovative learning models by combining aspects of technology, pedagogy and material / content. The TPACK framework has seven constructs in which the three main sources of teacher ICT integration knowledge are (1) technological knowledge (TK) - knowledge of technological tools; (2) pedagogical knowledge (PK) - knowledge of teaching methods; and (3) content knowledge (CK) - knowledge of subject matter [20]. This approach is used in research to help students hone their representation and HOTS.
Students must be helped to get HOTS, either through conventional teaching or self-instructional [20]. Improving HOTS of students can be used several strategies including giving questions to students, guiding students in problem solving, guiding students in decision making, inviting students to generate ideas and activities, and giving tasks in the form of open ended questions.

Understanding, studying, adjusting, adapting, translating, and reconstructing local wisdom (local wisdom) for the purposes of learning future scholars can provide a key understanding of the values contained therein [21]. Therefore, contextual learning can promote the local culture.
[image: image1.png]Permasalaha

o Rendahnya kemampuan berfikir tingkat tinggi dan
multipel representasi

o Pemanfaatan smartphone dalam pembelajaran

masih kurang
o Pembelajaran belum dikaitkan dengan kearifan

lokal

Physics Comics Mobile Learning

Teknologi

Mable Lesring
Media Komi Berbasis

L= Rancangan Solu:
* Merancang pembelajaran berdasarkan TPACK
Pedagog) Konten o Pemanfaatan smartphone dalam pembelajaran

s “riiapata . i i
ptces [ Menerapkan media pembelajaran berbasis
oS kearifan lokal

Serpii Kreatt

®s
| &

Produk:
 Media komik fisika berbasis kearifan

MOBILE LEARNING

lokal
o Physics mobile learning





Figure 1. Research framework
b. Learning with Smartphone
Mobile learning (m-learning) opens wider learning opportunities. This learning can be done anytime and anywhere by students [22]. In addition, mobile learning can improve the quality of one's learning life by providing access to information content / learning content without regard to social status, residence, and culture [23]. This positive side must be teachers to improve learning, such as the use of the latest technology.
Smartphones make it easier for teachers to teach. The use of instructional media in the learning process can arouse interest, motivation, and stimulation of learning activities, even bring psychological influence on students. Mobile learning media provides various learning application programs in the form of learning applications that can be accessed by everyone [24]. This makes learning physics better, in the sense of learning to be more relaxed and open.
c. Physics Comics
Comics can be used for learning media [25]. Comics as a media are proven to be able to convey incoming messages in a clear, coherent, and pleasant way. Comics as a media have the potential to become teaching material [26]. 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 [27]. With this comic can provide treatment about the phenomenon of physics, with the Manaruh various phenomena up to completion and explanation of the problem.
The purpose of comics is to promote fundamental understanding of the subject through independent learning among students [28]. Comics as a source of learning need to be effective on themes and content in dialogue questions [29]. In learning students think that comic strips are fun and informative. Comics can help understand information and remember "key" messages [30]. Comic books that feature humor, narrative, and visual representation are considered as potential media for science communication [31]. A combination of comic offerings in the form of physical phenomena, problem solving, and comic drawings, and students ' interest in combatants can be used well as learning media.
d. Local wisdom
Local wisdom is reflected in the culture that characterizes the region. Local wisdom will facilitate the development of science [32]. One of its uses is local wisdom as a link between scientific theories and regional conditions [33], so that knowledge can be accessed by the public. Learning with local wisdom gives students the opportunity to think and express ideas in understanding a physical concept [34]. Using local wisdom as a model of science learning has the effect of building contextual learning, stimulating students to learn more about the environment around their homes [32]. So that the learning approach with local culture can lead students to acquire two meanings of learning at the same time, physics and culture.
Bamboo cannon are one of the traditional Malay traditional games that were popular in its era and are almost known throughout the archipelago. Various regions recognize the game of bamboo cannons with different names. In Java, especially around Yogyakarta and Central Java, bamboo cannons are commonly known as "Long Bumbung". Also in other places this game is known by the name of bamboo rifles, fireworks, and others. Furthermore, this long bumbung game is usually played by boys when celebrating religious / customary holidays and enlivening the month of Ramadan (fasting) ahead of the feast. some tools and materials needed to play Bamboo Cannon, including bamboo cannon; kerosene is used for combustion; funnel used to put kerosene into the ignition hole, oil lamp or candle as a source of fire, a trigger, can be used from pieces of wood wrapped with cloth; and matches.

The blarak nglarak game first emerged from the Menoreh hilly region where the community in general was active in tapping coconut palm juice. Nglarak Blarak, abbreviated as Nglabrak, in Javanese Nglarak means to drag and Blarak means coconut leaf midrib, so Nglarak Blarak means to drag the palm leaf midrib. From there then developed a game that uses the basic ingredients of a coconut leaf midrib. To preserve local culture, players wear cultural-themed clothing, such as reog, jathilan, new kuthu, sorjan clothing which are the hallmarks of Yogyakarta. The equipment used is a blarak for carriages made from coconut leaves, sepet derived from the skin of coconut fruit, uthik derived from the trunk of a coconut tree, as well as roofs and baskets that are easily obtained in everyday life.
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Figure 2. Long Bumbung (top) and game
Nglarak Blarak (bottom)
Physics concepts in long bumbung and blarak games are presented in Table 1 and Table 2, respectively.
Table 1. Physics Concepts of Long Bumbung Game
	Activities
	Theory

	Positioning the bamboo cannon in a tilted state of between 10 to 30 degrees with the base of the cannon on the lower surface.
	Fluid
Kerosene fluid follows the nature of the fluid, which occupies space. So that kerosene will cover the base of the long roof.

	· Dipping the tip of the trigger bar into the trigger hole and then ignite the tip of the trigger bar with fire. 

· Warming up the oil by inserting the fiery trigger bar into the Heat/Thermophysical trigger pit.
	Heat / Thermophysical
Combustion is the sequence of chemical reactions between fuels with oxidants accompanied by heat production. This combustion process is usually accompanied by light in the form of fire or fluorescent. Here are the 3 main requirements that must be met are:
· Fuel combustion
· Oxidizer

· Heat source

	A mixture of kerosene vapor and oxygen will explode when ignited by Thermophysics
	Thermophysics
Ideal Gas and Real Gas
Definition and Nature of Gas; Pressure on Gas; Gas Equation; and Energy in Gas; Particle Movement Speed.

	
	Detontion
Detonation is a chemical-physical process or commonly known as a combustion process that has a very high reaction speed. This reaction process will produce a very large temperature and gas so that it will build a very large force expansion. The detonation process begins with a very high reaction speed (around 3000 - 7500 m / s) that spreads heat pressure throughout the gas reaction blasting zone in the form of shock wave (shock compression wave) and the process of energy liberation ends with the expansion of the reaction.

	Igniting the long roof by dipping the tip of the trigger bar into the trigger hole then igniting the tip of the trigger bar with fire 
	Shock wave
Shock waves occur from a very fast flow of waves because of a sudden increase in pressure, density, and temperature at the same time. Shock waves occur in a short time followed by the development of waves (reduced pressure) with increasing time. The process of the shock wave begins with the accumulation of air (pressurized) quickly which then produces a shock wave in this process in the form of a bang that will sound as an explosion.

	The long bumbum was heard as the explosion 
	Sound Wave cannon
The process of booming longbumbung can be related to the sound concept including: sound characteristics; sound fast; sound symptoms; sound intensity; and the level of sound intensity.


Table 2. Physics Concept Game Nglarak Blarak
	Variabel
	Treatment of Newton’s Kinematic Material and Law


	
	Newton's Law I
	Newton's Law II
	Newton's Law III

	Diagram
	Diagram Presented the basket phenomenon in a state of silence it will continue to remain silent and if at first it moves it will maintain its position of movement 
	Presented two phenomena of a balanced state by giving opposing forces of the same magnitude but opposite directions 
Two phenomena are presented: Basket driven by the player compared to the train drawn by 3 male players

	Presented phenomenon Sepet hits the pole.



	
	Presented two pushing phenomena conducted Sepet against him and Sepet against Basket
	
	Presented footprints of players when running

	
	
	
	

	
	Presented two phenomena of a balanced state by giving opposing forces of the same magnitude but opposite directions
	Expressed force analysis on Basket pushed by players and the train drawn by 3 male players.
	Expressed opposite force analysis on Sepet, hitting the pole (reaction-action force)

	
	
	
	Expression analysis is performed on the player's footprint when running (reaction style of action)

	
	
	
	

	
	Presented an explanation when the jockey boarded the blarak train by holding a few blarak leaves aiming not to snap backwards.
	Presented an explanation of the relationship between force, mass and acceleration.
	Disajikan perumusan hukum III Newton

	
	Presented as a state of equilibrium as a condition for the application of Newton's first law
	
	Presented an explanantion of the reaction force on the player’s footprints while running.

	
	
	
	

	Mathematical
	
	presented the physical quantities of mass and acceleration to drive the blarak train
	

	
	
	
	

	
	
	
	

	
	Presented requirements for the entry into force of Newton's first law[image: image5.png]



	Expressed the formulation of Newton's II law equation
	

	
	
	
	

	
	
	
	

	
	
	Presented completion in determining the magnitude of the force to move the blarak train
	

	
	
	
	

	
	
	
	


III. METHODOLOGY

This study used the type of Research and Development (R&D) by Thiagajar in 1974 [33] with a 4-D development model consisting of four main stages: (1) Define; (2) Design; (3) Develope; and (4) Disseminate. The steps in product development with the 4D model included:

a) Define: Defining and setting general conditions in learning through analysis of needs, curriculum, conditions of students and their knowledge related to the local wisdom used. This stage was carried out through interviews, observations, and preliminary surveys.

b) Design: Designing comics developed in accordance with the results of the analysis at the Define stage. Researchers made the design of the initial product design or prototype through assigning material and making media component specifications.

c) Develop: Developing physics-based comic media offline using the SIGIL application which could be displayed using a smartphone with the help of the Reasily Reader application. At this stage, comic media were tested through validation by experts, physics teachers and colleagues, limited tests, extensive field tests to get comic media products that were suitable for use in learning.

d) Disseminate: Disseminating widely available comic media.

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 thingking skills and creative thingking skills.

Data collection techniques used non-test instruments and test instruments. Non-test instruments consisted of questionnaires and survey observation sheets, questionnaires and product assessment sheets, attitude observation sheets, self-assessment questionnaires, student questionnaire responses, and peer assessment questionnaires. The test instrument used in this study was a matter of description to assess the ability of physical representation, diagrams, mathematical and high order thinking skills.

A qualitative data analysis technique was used to analyze the results of the survey need assessment. While quantitative analysis was used to determine product viability, and product effectiveness. Analysis of this data was done by calculating the value of the pretest and posttest statistical analysis of MANOVA, inferentially done by multivariate analysis with the help of the SPSS computer program.

The research was conducted in Yogyakarta Province, namely in Sleman Regency with long-distance local wisdom to improve physical representation and HOTS abilities, and Kulon Progo District with local wisdom Nglarak Blarak to improve diagrammatic and mathematical representation capabilities.
IV. RESULT AND DISCUSSION

a. Komik Physics Comics of Long Bumbum Local Wisdom in improving the ability of Physical Representation and HOTS

The feasibility assessment of physics comic media products obtained an average value of 4.28, which was in the very good category, as seen in Table 2.
Table 2. Results of Limited Trial Assessment
Media Products Phase I
	Material
	Media
	Average

	Physics Reppresentation
	HOTS
	Questionnaire
	

	4,40
	3,98
	4,45
	4,28

	Good
	Good
	Very good
	Good


The effectiveness of the product can be seen from the results of the test statistics in Table 3. It is known that the significance value <0.05, then there was a significant increase between the pretest-posttest scores of physical representation ability in each group. In the physical representation ability test, the mean difference (MD) value in the experimental class and the control class was -47,361; and -41,176.
Based on the MD value from the pretest to the posttest which was negative in each group, it is known that the average posttest score was higher than the mean pretest score. So it can be concluded that there was a significant improvement between the pretest-posttest scores of the physical representation ability of each group.
Table 3 shows that the significance value was <0.05, there was a significant increase between HOTS pretest-posttest scores in each group. In the HOTS ability test, the mean difference (MD) value in the experimental class and the control class was -66,111; and -60,735.
Based on the MD value from the pretest to the posttest which was negative in each group, it is known that the average posttest score was higher than the mean pretest score. So it can be concluded that there was a significant increase between the HOTS pretest-posttest scores for each group.

The effective contribution of the use of physics comics based on local wisdom long bumbung, and discussion learning on the physical representation ability and HOTS of students was obtained from the results of the Multivariate test type Hotelling's Trace on GLM.
Table 4 shows tha the effective contribution made by long bumbung based on the local wisdom comics in improving students' physical representation ability was by 91% and HOTS was by 95.4%. The amount of discussion learning contribution in increasing the physical representation ability of students was by 87.8% and HOTS was by 94.3%. Therefore it can be concluded that the physics comics based on local wisdom long bumbung provided the greatest effective contribution in increasing the physical representation ability of students and HOTS if versus the use of discussion learning.
b. Nglarak Blarak Local Wisdom Physics Comic in increasing the ability of Physical Representation and HOTS
The assessment of Nglarak Blarak's local wisdom physics comics product that had been revised based on suggestions, comments and validator responses showed that the comic media products were netted to obtain quality value products. The results were obtained by the assessment of learning media products as seen in Table 5.
The Manova test was carried out using the SPSS 21 software used was the Hotteling’s Trace test. Hotteling’s Trace multivariate test results are presented in Table 6.
In table 33 sign value of 0.000 was less than = 0.05, meaning that H0 was rejected. So, by using a significance level = 0.05, there was a significant difference in the average increase in the ability of diagrammatic and mathematical representation between students taught by using the local wisdom comics physics media Nglarak Blarak assisted by android and the media usually used by teachers.
To see how much influence the use of Ngalark Blarak's local wisdom comic media products on android helps to increase the ability of diagrammatic and mathematical representation, the results were seen using an effect size. The results of Cohen's calculation are presented in Table 7.
Based on the analysis of the effect size, Cohen's f value was obtained for each variable of 0.158 and 0.296 with the interpretation of medium effect size and large effect size on each variable. That was when the product was developed, the local wisdom comic media Nglarak Blarak assisted by android gave a big influence on the ability of diagrammatic and mathematical representation. In other words, it is concluded that the local wisdom comic media product of Nglarak Blarak assisted by android effectively increased the ability of diagrammatic and mathematical representation.
c. The Final Product
The product of physics comics based on local wisdom long bumbung produced is presented in Figure 3 (a), (b), (c), and (d). Whereas physics comics products based on local wisdom produced by Blarak are presented in Figure 2 (e), (f), (g), and (h).
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Figure 3. Final Comic Physics Products

V. CONCLUSION

Media of local wisdom Physics Comic; long and tall and 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, experiment sheets, examples and practice questions. The product could be operated using a smartphone with the EPUB Reader application or a computer with an internet browser.

Physics comic media products based on the local wisdom (long bumbung) effectively used to improve the ability of physical representation were indicated by a significance value <0.05 and mean differences of -47,361; and HOTS were shown with a significance value <0.05 and mean differences of -66,111. Whereas, the partial eta square value of physics comics media based on local wisdom (long bumbung) in improving students' physical representation ability was 91% and HOTS was 95.4%, having a greater value than the discussion learning control class.

Physics comic media products based on the local wisdom were effectively used to improve the physical representation ability and HOTS of students. This valuation was based on product assessment of 2.24 with good categories. Furthermore, media of physics comic assisted by android developed effectively improved the ability of diagrammatic and mathematical representation which could be seen from the Cohen's value that Cohen's f variables which were 0.158 and 0.296 with the interpretation of each medium effect size and large effect size on both variables. It means that the product developed, the local wisdom comic media Nglarak Blarak assisted by android, gave a big influence on the ability of diagrammatic and mathematical representation.
Acknowledgment (Heading 5)
Media products are android-based physics comics with the use of local wisdom longumbumb and Nglarak Blarak. Comics are designed to attract students' interest in learning physics. In addition, the use of Android as a learning medium can be used by students to study physics anytime, anywhere. This physics comic is also sought as an enrichment material to strengthen the concepts and materials that students learn in class.
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