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Comics can be an effective educational tool at various levels of Education. Developmental trends of technology can be used as a learning
medium. In this research, the comics are designed for operated using an android. This study aims to produce a local wisdom based physics
comic media: hopscotch game that is suitable for learning impulse and momentum material in high school, and to know the effectiveness
of the media used to improve mathematical representation and creative thinking of students. This research is a Research and Development
(R&D) using the Borg and Gall model. Research instruments include product assessment sheets, questionnaires, mathematical representation,
and creative thinking tests. The data analysis technique used is the MANOVA test. The results show that the product is a media that is
operated using a smartphone/ android with the EPUB-Reader application or a computer with an internet browser. The comic media contains
impulse and momentum material, videos, examples, and practice questions. The product is categorized as suitable to be used in the physics
learning process. There is a difference between the experimental and control classes. This shows that the local wisdom based Physics comic:
android-assisted can improve mathematical representation and creative thinking of high school students.
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1. Introduction

Animation, comics, and games have a large output value and
influence in the entertainment media market by in accordance
with the development of life in recent years [1]. Comics are
not only used as an entertainment tool, but can be used in ed-
ucation [2]. Conversational language in comics can change
rigid science into simple science that can be accessed and
understood by students [3]. At present, technology and in-
formation development trends can be used as a medium of
learning, inside and outside the classroom [4].

Students can experiment and make a comic strip with
their creativity. This fact reveals that investigations led by
students can encourage the development of creativity and
critical thinking [5]. The comic produced suggests the idea
that educators can encourage students to learn if the curricu-
lum and pedagogy are personally relevant and inspire creative
and original ideas [6].

Comics can be an effective educational tool at various
levels of education. Students who read comics can show an
increased level of interest. The comic is expected to motivate
other educators to produce different comics towards more
flexible and embedded methods in organizing learning [7,8].
The development of scientific comics is needed to increase
the involvement of more diverse students because physics
textbooks only benefit high-achieving students [9]. Readers
are more interested in learning physics through comics than
learning through textbooks [3].

Experts give examples of integration in physics, chem-
istry, or biology, referring to all mathematics and learning
units [10]. Physics learning can balance between scientific
attitudes in physical knowledge and the value of local wis-
dom to build the nation’s character [11,12].

Multiple representations in problem-solving include ver-
bal, diagram or picture, mathematics or symbolic, and
graphic. The performance on math problems is worse than
other formats despite students’ preferences for calculation
questions [13]. The discovery of mathematical representa-
tion can predict students’ mathematical achievement [14].

The values of local wisdom should be explored again so
that it may still exist following the changing of time and re-
main a characteristic of every region in Indonesia [15]. Local
culture used in learning physics can change the rigid view
of physics into “science for the future”, “science for daily
living”, and “science for all” [16-18]. The traditional game
of hopscotch contains the values of problem solving consist-
ing of finding and understanding problems, developing good
problem-solving strategies, and exploring solutions [19].

Teachers need to provide learning activities to encourage
a more specific creativity or creative thinking of students.
Imagination and creativity are considered important in sci-
ence, so a good science education must be able to help foster
students’ imaginative abilities and creativity [20].

Reference [21] reveals that learning is an activity to ac-
quire knowledge, skills, shape behavior and attitudes, and
strengthen personality. Learning will be successful if stu-
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dents can understand the concept of the material [22]. The
framework of technology, pedagogy, and content knowl-
edge (TPACK) has three main sources of educator ICT in-
tegration knowledge,e.g.,. 1) Technology Knowledge (TK)-
knowledge of technological tools; 2) Pedagogy Knowledge
(PK) knowledge of teaching methods; and 3) Content Knowl-
edge (CK)-knowledge of subject matter (Koh and Chai,
2014). Media is generally used to support learning activi-
ties, namely presenting information and knowledge to indi-
viduals and groups. Picture media has a role in reducing the
occurrence of misinterpretation in learning abstract informa-
tion and knowledge such as physics [23].

Physics is important learning in various professions and
fields regardless of gender with the hope of being able to be
used to solve problems of modern society [24,25]. Physics
subjects contain concepts that can be represented in the form
of physical verbal, images, physical, and mathematical rep-
resentations [26].

The level of conceptual understanding, especially physics
learning, is realized through the way of interpreting learning
problems. Interpretation of problems in learning physics can
be done using simulations, graphs, and worksheets tutorial
[27-30]. Mathematical representation serves as a guide in the
arrangement of equations, but for students who are “lacking”
in solving problems only practice the ability of mathematical
representation [31]. Mathematical representation is usually
conducted at the end because it serves to determine the result
of a physical process [32].

That creativity is the ability possessed by students to
solve problems from the knowledge they have to find possi-
ble answers to a problem using creativity measurement tools,
namely verbal and figural creativity tests [33]. The differ-
ences in creativity based on fluency, flexibility, and novelty in
solving mathematical problems and the problems being faced
[34]. That creative assessment is provided for students, such

FIGURE 1. Hopscotch Game.

as for study groups. Creative assessment skills are focused on
originality, efficiency, flexibility, problem finding, and elabo-
ration [35].

That every community has a good cultural value that is lo-
cal wisdom [15]. Local wisdom as a product of local knowl-
edge has provided a local context in the development of sci-
ence [16]. Hopscotch of Engklek or also called sunda manda,
ingkling, jlong jling, lempeng, or dampu is a traditional game
commonly found in Sumatra, Java, Bali, Kalimantan, and
Sulawesi. The traditional game of hopscotch, according to
[19], contains the values of problem -solving, which con-
sists of finding and understanding problems, compiling good
problem- solving strategies, and exploring solutions. Hop-
scotch contains several physical concepts, including: Mo-
tion Dynamics (parabolic motion and displacement), Sound
Waves, Rigid Body Equilibrium (center of gravity), and Im-
pulse and Momentum.

Reference [36] states that television, radio, books, news-
papers, magazines, and other media are tools and materials
used to achieve the goals of education. Teachers can also use
electronics for teaching purposes in class. The benefits ob-
tained by teachers include: 1) broadening basic knowledge
of teachers, 2) learning in the classroom to be flexible and
dynamic, 3) can overcome limited teaching materials, 4) en-
richment and contribution of teaching materials [37].

Comics are not only functioned as entertainment facilities
but are also used in education. Comics are good educational
tools to increase knowledge [38]. Comic books have features
of humor, narrative, and visual representation and are poten-
tial media for science communication [39].

2. Method

This is a Research and Development (R and D) type of study.
The development research of local wisdom based physics
comic media: hopscotch game to improve mathematical rep-
resentation and creative thinking ability of high school stu-
dents uses the Borg and Gall model. The development of
local wisdom based physics comic media: hopscotch game
to improve mathematical representation and creative think-
ing ability of high school students starts from 1) preliminary
research, 2) research design, 3) developing initial products, 4)
limited test trials, 5) revision of limited trials, 6) initial field
trials, 7) revision of initial field trials, 8) main field trials, 9)
revision of main field trials, and 10) product dissemination.

The first stage of product development is analyzing the
physical aspects of local wisdom: hopscotch game that can be
seen in Table I. After the first stage is finished, then manually
begin drawing using paper and pencil, and then scanned, edit-
ing process uses Adobe Photoshop CS5 software. The fin-
ishing stage uses Sigil software which can then be accessed
on android using the application Himawari Reader, Reasily-
EPUB Reader, other EPUB reader applications. The process
of making comics can be seen in Figs. 2 to 4.

The research instruments used include product assess-
ment sheets, student questionnaire responses, and tests of
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TABLE I. Physical Aspects Analysis of Local Wisdom: The Hopscotch Game.

Chapter Variable Aspect Indicator Treatment

Fluency Students explain the Displayed when the lucky orgaco

impulsive force of the game comes in contact with the soil.

Creative Flexibility Students examine the picture or story A picture is presented on the change

Thinking when there is a change in momentum. in momentum in the hopscotch game.

Detail Students describe Impulses in detail. A hopscotch player’s foot is depicted

touching thegacoon the court.

Impulses Mathematical Students can calculate the value of An image is displayed when

Mathematical Equations impulses when the gacohits the ground. the gaco hits the ground.

Representation Written Students write the solution of the Mathematical problems are

Text impulse mathematical problem written of upon thegaco.

in the movement of thegaco.

Fluency Students mention various Gacoof hopscotch game players

types of collisions collide with each other is displayed

Students explain the Gacoof hopscotch game players

Creative Flexibility different kinds of collisions collide inelastically with each other

thinking is displayed.

Momentum Novelty Students can design a variety Collisions betweengacowith gaco

and of collisions upon the gaco. andgacowith the ground are displayed.

Collision Detail Students describe the momentum Described the type of momentum

and change in momentum when the gaco clash with each other.

Mathematical Students can calculate the type The collisions between gaco with

Matematical Equations of each collision on the gaco. each other or gaco with the ground

Representation are displayed

Written Students interpret the The momentum graph

Text momentum graph on the gaco. is displayed.

FIGURE 2. The Process of Making the Products with Paper and
Pencils.

mathematical representation and creative thinking abilities.
The research design is one group pretest-posttest design. The
research subjects are high school students in 2018/2019 Aca-
demic Year, 30 students of Grade X Science for the initial
field test and 60 students in Grade X Science for the main
field test. The data analysis technique used to determine the

FIGURE 3. The Product Manufacturing Process with Adobe Pho-
toshop CS5 Software.

differences in the results of increased mathematical repre-
sentation and creative thinking abilities is the MANOVA test
with a significance level of 0.05. The prerequisite test is car-
ried out before analyzing the MANOVA test. The steps in the
prerequisite test are described as follows [40]:

Rev. Mex. F́ıs. E17 (2) 255–262
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FIGURE 4. Sigil Display in the Product Making.

1) Contain two or more dependent variables in the form
of continuous data.

2) Contain two or more categories of independent vari-
ables.

3) Observation of each class is different from the previous
trial class.

4) The sample is sufficient with the number of students
more than 25 for each class.

5) There are no univariate and multivariate outliers.

6) Multivariate normality test.

7) Linearity test.

8) Homogeneity test of variance-covariance matrix.

9) Correlation test (no multicollinearity).

If 9 prerequisite tests have been met, then the MANOVA
test can be conducted using IBM SPSS Statistics 21 software.

3. Result

The results obtained are differences in learning outcomes us-
ing the media and without using media. These results can
be obtained from the results of several analyses that have
been carried out. Product trials produce test results in mathe-
matical representation and creative thinking abilities of high
school students. These results are described and can be seen
in Table II and Table III.

Table II shows the gain values of the mathematical rep-
resentation ability of experimental and control groups, which
are 0.77 and 0.64, respectively, and included in the high and
medium categories, respectively. Based on Table II, the aver-
age pretest and posttest values of the mathematical represen-
tation ability of the experimental class have increased with a
high category. Reference [41] explain that students can cal-
culate and determine mathematical equations using mathe-
matical representation abilities, although some students have
difficulty in connecting concepts and mathematical represen-
tations. This is similar to the explanation of [42] that students
need to understand the concept and visualize the problem to
proceed to mathematical representation.

Table III shows the gain values of the creative thinking
ability of experimental and control groups, which are 0.80
and 0.68, respectively, and fall into the high and medium cat-
egories, respectively. Based on Table III, the average pretest
and posttest values of the creative thinking ability of the ex-
perimental class have increased with a high category. This
is relevant to the results of [43] that the learning process by
using local wisdom media can increase the creativity of stu-
dents. This is also related to the research of [12] that the
learning process of physics can develop creative thinking and
national character based on local wisdom so that it is able to
balance between physical knowledge and national character
based on the values of local wisdom in the society and the
cultivation of scientific attitudes.

The statistical test used is multivariate analysis
(MANOVA) to determine the effect of the local wisdom
based physics comic media: android-assisted hopscotch
game on the mathematical representation and creative think-

TABLE II. The Results of Mathematical Representation Ability.

Average Creative

No Class Number of Learners Thinking 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
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TABLE III. The Results of Creative Thinking Ability.

Average Creative

No Class Number of Learners Thinking Ability 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

ing abilities of high school students. Nine steps of prerequi-
site test are carried out:

1) The dependent variables consist of mathematical rep-
resentation and creative thinking in the form of contin-
uous data.

2) The independent variables consist of two categories,
namely comic media based on local wisdom of hop-
scotch game, which are tested in the experimental class
and learning media, which are usually in school in the
control class.

3) Observation of each class is different from the previous
trial class.

4) Samples of control and experiment groups are 30 stu-
dents each.

5) There are no univariate and multivariate outliers.

6) Multivariate Normality Test. The analysis of normal-
ity in the Shapiro-Wilk test obtains a sig. more than
0.05. This means that the data of the experimental and
control groups are normally distributed.

7) Linearity Test

8) Homogeneity test of the variance-covariance matrix.
The homogeneity test using Box’s Test obtains a sig.
value of more than 0.05, showing the values of the
mathematical representation and creative thinking abil-
ities relatively have the same variance.

9) Correlation test (No multicollinearity) Pearson Corre-
lation result obtains a value ofr = 0.338 included in

the weak category so that there is a correlation between
the mathematical representation and creative thinking
abilities in the experimental and control groups.

Table IV shows that there are significant differences be-
tween the independent variables (local wisdom based physics
comic media of android-assisted hopscotch game) with all the
dependent variables (mathematical representation and cre-
ative thinking abilities).

The results of MANOVA analysis show that the statisti-
cal value of the Hottelling’s Trace test is 0.365 and the sig-
nificance value indicates the value of0.000 < 0.05. The
conclusion that can be drawn from this multivariate test is
that there are differences in students’ mathematical represen-
tation and creative thinking abilities between learning using
local wisdom based physics comic media of android-assisted
hopscotch game and learning using textbooks and the usual
media provided by schools. The results of effective contribu-
tions given by each variable in each class are different mean-
ing that there are differences in effectiveness for each class,
i.e.

a. The effective contribution of the experimental and
control classes is 94.3% and 92.3%, respectively, for
increasing mathematical representation and creative
thinking skill abilities.

b. The effective contribution of the experimental and con-
trol classes is 91.4% and 87.7%, respectively, for the
improvement of mathematical representation ability.

c. The effective contribution of the experimental and con-
trol classes is 91.6% and 89.4%, respectively, for the
improvement of creative thinking ability.

TABLE IV. MANOVA Test Results.

Effect Value F Hypothesis df Error df Sig. Noncent. Parameter Observed Powerc

Pillai’s Trace .991 3091.767b 2.000 57.000 .000 6183.533 1.000

Intercept Wilks’ Lambda .009 3091.767b 2.000 57.000 .000 6183.533 1.000

Hotelling’s Trace 108.483 3091.767b 2.000 57.000 .000 6183.533 1.000

Roy’s Largest Root 108.483 3091.767b 2.000 57.000 .000 6183.533 1.000

Pillai’s Trace .267 10.401b 2.000 57.000 .000 20.803 .984

Class Wilks’ Lambda .733 10.401b 2.000 57.000 .000 20.803 .984

Hotelling’s Trace .365 10.401b 2.000 57.000 .000 20.803 .984

Roy’s Largest Root .365 10.401b 2.000 57.000 .000 20.803 .984
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FIGURE 5. Physics Comic Based on Local Wisdom: Hopscotch Game Android-Assisted.

Some content examples of local wisdom based physics
comic media: android-assisted hopscotch game produced in
this development process can be seen in Fig. 5.

4. Discussion and conclusion

Local wisdom based physics comic media: android-assisted
hopscotch game to improve mathematical representation and
creative thinking abilities of high school students containing
impulse and momentum material, learning videos, discussion
sheets, experiment sheets, examples, and practice questions.
The product can be operated using a smartphone with the
Reasily-EPUB Reader application or other EPUB Reader ap-
plication that can be downloaded at Playstore. The products
can also be read using a computer using an internet browser.
EPUB is a reader application used on smartphones to read
files with the∗.epub format. Students can easily read the
learning material explained in detail and in full on the prod-
uct because the product can be read anywhere and anytime
using a smartphone. The products can also be read offline
without having to connect to the internet. Students feel enthu-
siastic when the products made are tested in the classroom.
However, there are still some students who are passive, be-
cause basically, they do not like to read. This product is good
and suitable for use in the learning process in the classroom
and outside the classroom. So that comics can be effective
educational tools at various levels of education and are not
only used as entertainment tools [2,7,8]. The development
of Android-based physics comic media is appropriate to be
used in physics learning in class and categorized as good for
students [44].

The use of local wisdom based physics comic media:
android-assisted hopscotch game can reduce the teacher’s
role as the main learning resource in the classroom. Comic
media are considered easier to understand and more inter-
esting compared to the books used [45]. Comic media in
learning physics is better than the use of textbooks [46]. This
media can be used anywhere and anytime without an inter-
net connection. Students can read independently or be ac-
companied by a teacher. The results of the study by [2]
shows that comics can be used to replace Student Worksheets.
Reference [8] shows that comics can be used by elementary
school students, high schools, and undergraduate students in
the learning process. Science comics can be effective edu-
cational tools at various levels of education. Research from
[11] shows that students provide positive responses in learn-
ing physics based on local wisdom in vocational high school.
Comics is can be implemented in the physics learning process
for students inside and outside the classroom [47]. So it can
be stated that learning by using local wisdom based physics
comic media: android-assisted hopscotch game can be ef-
fective and efficient. The impact of using media in learning
activities is that students are more emphasized on the math-
ematical representation and creative thinking abilities. An-
other impact of using the product is that students have the
ability to think at a high level because, by reading, they can
also fantasize (imagine) according to the flow of the comics.

The results show that the local wisdom based physics
comic media: android-assisted hopscotch game to improve
mathematical representation and creative thinking abilities of
high school students contains impulse and momentum ma-
terial, learning videos, discussion sheets, sample experiment
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sheets, and practice exercises. The product can be operated
using a smartphone with the EPUB-Reader application or a
computer with an internet browser. Products are categorized
as suitable for use in the physics learning process based on a
feasibility assessment of 4.07 on a scale of 1 to 5 with a good
category. There are differences in the results of the improve-
ment of the mathematical representation and creative think-
ing abilities between the experimental and control classes
with a significance level of< 0.05. This shows that the
local wisdom based physics comic media: android-assisted

hopscotch game can improve the mathematical representa-
tion and creative thinking abilities of high school students.
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