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Abstract
This research aims to reveal the effectiveness of the use of an indigenous knowledge-based physics comic
of Android-based marbles games on verbal representation and critical thinking abilities. It is a
quasi-experiment applying the pretest-posttest control group design. The research sample consists of two
classes: the control and experimental classes, each of which consists of 35 students established using the
cluster random sampling technique. The effectiveness of the indigenous knowledge-based physics comic
of marbles games was analyzed using the quantitative method applying the effect size analysis. The result
of the effect size analysis obtained from Cohen’s f in verbal representation ability is 0.11 interpreted as
medium effect size and critical thinking ability is 0.43 interpreted as large effect size. This shows that the
developed indigenous knowledge-based physics comic of Android-based marbles games in physics
teaching gives effects to verbal representation and critical thinking abilities of the students. In other
words, the developed comic is effective in improving verbal representation and critical thinking abilities.
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---------1. Introduction
The goal of global education is that the 21st Century teaching has to cover the learning skill and
innovation aspects. The skill that needs to be developed is higher order thinking skill, one of which is
critical thinking ability (Wartono, Hudha & Batlolona, 2017). Developing critical thinking ability helps
students understand the information conveyed in teaching. Critical thinking is a well-oriented and obvious
process to analyze, evaluate, and synthesize students’ thought and believes (Demirci, 2017; Diana &
Djamas, 2017). However, students’ critical thinking ability is still low and thus needs improvement
(Puspita, Kaniawati & Suwarma, 2017). The improvement can be made by integrating the indicators of
critical thinking ability in teaching (Handayani, Jumadi, Wilujeng & Kuswanto, 2019; Prayogi, Yuanita &
Wasis, 2018). Critical thinking indicators according to Ennis (1993) are capable of: (1) formulating the
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main problem; (2) disclose facts; (3) select the logical argument; (4) detect bias with different viewpoints;
(5) draw conclusions.
The school curriculum in Indonesia also has the same goal as that of the 21st Century teaching,
particularly for the teaching of physics in senior high school, whose goal is to develop the ability to
analyze and apply, as well as modify or design physics concepts (“Standar Kompetensi Dan Kompetensi Dasar
Mata Pelajaran Fisika Untuk SMA Dan MA”, Badan Standar Nasional Pendidikan, 2016). In reality the
students look passive with the traditional lecture-format teaching. Therefore, there needs to be innovation
of a teaching process which can involve students directly in teaching. The innovation in teaching is very
important in order to support and train problem solving ability. One of the forms of the exercises in
problem solving ability can be done through representation ability (Docktor & Mestre, 2014).
Physics representation is related to four representations: verbal representation, figure or diagram,
mathematical and symbolic, and graphs (De Cock, 2012; Selamet, Mahardika & Supriadi, 2018). A specific
physics description can be achieved by describing physics concepts (Madrid, Leon-Mantero &
Maz-Machado, 2015) through verbal representation. In general, in school examinations the students solve
only low cognitive level problems, such as defining, memorizing, and solving problems through
mathematical equations (Istiyono, 2017). Students’ verbal representation ability is important to improve in
physics teaching.
Teaching processes will be effective and efficient if supporting media are available. Interesting supporting
media will encourage students to do individual activities. One of those media is comic instructional media
(Ntobuo, Arbie & Amali, 2018). The development in life in recent years has had a profound impact on the
market of entertainment media, because it is affected by the high production value of animation, comics,
and games (Sheu & Chu, 2017). The current development of science makes comics not only as
entertainment but also as educational media (Haroky, Nikmah, Wilujeng, Jumadi & Kuswanto, 2019).
Comics are a medium which is widely known by youngsters; this allows stories to be read and understood
relatively quickly and can give students the information they need in the targeted way (Egusa, Funaoi,
Daikoku, Inai, Kusunoki, Takenaka et al., 2014). Nowadays, handheld communication media or more
widely known as gadgets become the thing most demanded by Indonesian people (Marhadini, Akhlis &
Sumpono, 2017). Therefore, printed comics can be packaged in the form of digital or Android comic for
teaching in line with the advancement in technology.
Digital comics are developing in the society, and therefore many people use them. Comics can be written
on paper, but they can also be made by using the Internet and even be mixed with digital technology
(Priyadi, Kuswanto & Sumarna, 2020). Being in the Android form facilitates students to carry them
everywhere. Android comics are also paperless, and they contain not only learning materials but also
animation, teaching video, and a great number of test items (Hadi & Dwijananti, 2015). Digital comics can
create a more meaningful learning environment, where the materials taught are directly related to students’
lives. In addition, the students can participate actively in teaching-learning processes. Comics can be more
contextual if they integrate local wisdom/indigenous knowledge.
The learning activities which are related to indigenous knowledge can make students more motivated
(Liliarti & Kuswanto, 2018). However, local people who still adhere to traditional values are ignored in the
field of education, including in physics teaching (Wati, Hartini, Hikmah & Mahtari, 2018). One kind of
indigenous knowledge which can be integrated in physics teaching is games. Traditional games themselves
can be a real example which is contextual in teaching activities (Liu, Shaikh & Gazizova, 2020). Physics
concepts that can be integrated with indigenous knowledge such as marble game have not been used to
explain physics materials as a whole but as an example. When students are motivated to learn, they will
participate actively in teaching-learning processes (Saregar, 2016). Therefore, teaching will be focused on
students, which is the goal of Curriculum 2013 (Fadilah & Suparwoto, 2016).
Based on the consideration of the facts that have been explained, it is important to conduct research in
the form of an innovative learning media, namely the Android-based marble game comic which is
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effective in increasing critical thinking skills and verbal representation of high school students on impulse
momentum material. Verbal representation and critical thinking abilities will be easily improved if a
medium has advantages such as attractiveness and it can make students enjoy reading. The use of Android
comics is expected to be able to improve students’ verbal representation and critical thinking abilities in
physics teaching.

2. Literature Review
2.1. Android-Based Instructional Media
The use of instructional media in teaching processes can generate interest, motivation, and stimuli in
teaching processes, and they can even give psychological impact to students (Sapriyah, 2019). Cellular
instructional media with mobile learning can provide instruction which can be accessed by the community
at large (Shabrina, Warsono & Kuswanto, 2017). Learning through the use of cellular application can help
students achieve the instructional objectives (Chen, Sivo, Seilhamer, Sugar & Mao, 2013). It can give a
positive impact to the its utility and user’s attitude toward the intention to use mobile learning. The
development of m-learning needs a design which is suitable with the learning situation and students’
condition (Husna & Kuswanto, 2018).
The life of modern society currently is not separated from smartphones, one of the smartphone users is a
student. According to Chu (2014) technological developments do not seem to only bring profit. When
educators explain material in class, students are often busy playing with smartphones, which indicates that
students are addicted to smartphones (Yalda, Michikyan & Morris, 2014). Aljomaa, Al.Qudah, Albursan,
Bakhiet and Abduljabbar (2016) mention Intoverted individuals usually rely on smartphone usage,
smartphone social apps, and social media found on smartphones (Kim, Chung, Jang & Chung, 2017) that
smartphone addiction can happen because people enjoy using smartphones too much.
Smartphone addiction can be used in education, where smartphone innovation in education can be used
well in teaching. The Android is the system mostly used in the society. It is the system platform in
smartphones currently popular in the society (Damayanti, Syafei, Komikesari & Rahayu, 2018).
2.2. Indigenous Knowledge: Marbles Game
Indigenous knowledge or often referred to as local wisdom is the tradition that has become the characteristic
of a region, which is developed from that region (Sudirman, Mellawaty, Yaniwati & Indrawan, 2020). Husna
and Kuswanto (2018) states that indigenous knowledge is the knowledge that has been developing for a long
time and it becomes the characteristic of a community or certain culture. One of the examples of
indigenous knowledge is traditional games. Traditional games are entertaining activities using simple
instruments inherited from generation to generation. They take various forms and types, one of which is
marbles game, which is a very popular game in the society. They are called with various names in accordance
with the place of origin, including gundu, tale, neyker, setein, pincian, and so forth (Febriyanti, Kencanawaty &
Irawan, 2019). Marbles are round like small balls made of cement and chalk. They are 1.25 cm in diameter
and weigh about 10 grams. Besides, usually they are ornamented with colours, like those in the picture below.
Playground marbles usually required field and draw a circle on the ground or asphalt as a place to collect
marbles results of each pair of participant game. The more the number of marbles collected, the bigger
the circle, but the less the number of marbles collected, the smaller the circle used in the marbles game.
Stages of preparation in the game of marbles, among others: (1) The game usually involves 3-5 children
or even more, (2) set up a five-point marbles for each child or dependent on the agreement of the players,
(3) of sandy soil on the playground or a rather flat, non-declining field.
Batiste (2002) points out that indigenous knowledge in education is a developing field of research,
nationally and internationally, especially for those who are interested in educational innovation. The
educational system can combine indigenous knowledge and modern education so as to optimize cognitive
competence (Pierotti, 2011).
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Figure 1. Marbles

2.3. Physics Concepts in Marbles Game
Physics is close to everyday events and phenomena. Good physics instruction must be done by identifying
physical symptoms surrounding the students. Indigenous knowledge can become an effort to see physics
phenomena which are close to the custom/tradition of a certain region. The physics materials stated in
the indigenous knowledge-based physics comic media of Android-based marbles game are momentum
and impulse in marble game, including all measured indicators, i.e. critical thinking and verbal
representation abilities. Table 1 presents the analysis of the physics aspects in indigenous knowledge of
marbles game.
Learning media in the form of physics comics based on indigenous knowledge on marbles games is a
means of learning physics. This media can make physics learning simpler where the learning applies the
values of the marble game. This medium is used as a physics instructional medium to create a contextual
instruction.
Variable

Indicator

Treatment Given in Comics
• The concept of impulse in marble games when marbles are flicked is
explained in the form of pictures.
• A momentum phenomenon in marble games played by two players
Understanding
using different size marbles is presented.
concept, principle,
• A picture of marbles from flicking to movement is presented as a form
and solving problems
of understanding of the concept of the relationship between
by writing in words
momentum and impulse.
• A picture of collisions among marbles is presented as a form of
understanding concepts, principles, and solving problems of the
characteristics of the collision.
• An explanation and similarities about the concept of impulse in marbles
Verbal
game is presented
representation
• The forces generated when the marble is flicked and moved is explained
verbally
• The magnitude of the relationship between the velocity of the marble
Students can explain
and the time of contact of the finger with the marble when the marble
verbally through data
starts to be flicked is presented.
such as pictures,
• The quantities at the velocity of the initial and final momentum of
symbols, mathematics
before and after the marble collides with another marble that exits the
which are presented.
circle or remains in the circle are presented in order to explain verbally
the concept of the momentum eternity law.
• A phenomenon of marbles colliding with other marbles or other
objects is presented as a result of the magnitude of the collision and the
characteristics of the collision is explained verbally.
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Variable

Indicator
Analyzing facts

Formulating
problems
Critical
thinking

Defending, selecting,
clarifying and
evaluating logical
arguments

Drawing conclusions

Treatment Given in Comics
• A picture of a person flicking a marble from the rest position to moving
position is presented.
• A picture of children playing moving marbles is presented.
• A picture of a marble colliding with another marble is presented
• The magnitude of the impulse generated from the flicking force by the
flicker at short intervals when the marble is flicked is presented.
• The amount of momentum generated from different mass but the same
velocity when the marble moves is presented.
• The characteristics of the phenomenon when a marble is colliding with
another marble is presented.
• An explanation of what causes the magnitude of the force produced by
the flickers to vary is presented
• An explanation of what causes the velocity of marbles to vary is
presented.
• An explanation of what makes the momentum before and after a
collision is the same is presented.
• An explanation of the conclusion of the magnitude of the force
generated based on the concept of impulse is presented.
• An explanation of the conclusion of the magnitude of the force
generated based on the concept of momentum is presented.
• An explanation of the conclusion of the types of collisions based on
their characteristics is presented.

Table 1. Analysis of physics aspects of indigenous knowledge of marbles game

3. Research Method
3.1. Method
His research uses the quasi-experimental model with the pretest-posttest control group design. Table 2
shows the research design, where O1 is the pretest; X is the treatment; and O2 is the posttest.
Group
Pretest
Treatment
Posttest
Control Class
O1
X1
O2
Experimental Class
O1
X2
O2
Notes: O1 is pretest before treatment, O 2 is posttest after treatment, X 1 is Physics instruction
through conventional teaching using power points, and X2 is Physics instruction Android-based
marbles games comic.
Table 2. Research design

3.2. Variables
The variables in this research include the independent variable in the form of an Android-based marbles
game comic and the dependent variable in the form of verbal representation and critical thinking abilities.
3.3. Population and Sample
The research population is grade X science students of State Senior High School (SSHS) 1 Kasihan,
Bantul in the academic year 2019/2020. The sample consists of two classes – the control class and
experimental class – each consisting of 35 students with the number of male learners as many as
15 people and women as many as 20 people. Grade X Science 1 students are the experimental class given
treatment using an Android-based marbles game comic, while grade X Science 2 students are the control
class. The try out sample was established using the cluster random sampling technique and thus their
ability varies.
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3.4. Data Analysis
The research instrument is in the form of an essay test. Essay test used consist of 8 questions, where 4
questions are made based on verbal representation indicators and 4 questions are made based on critical
thinking indicators. The test was used to collect the data on the students’ verbal representation and critical
thinking abilities. The data on the students’ verbal representation and critical thinking abilities were
analyzed using the Two Group Multivariate Analysis of Variant (MANOVA) to reveal the differences in
the improvement of the verbal representation and critical thinking abilities of the students in the
experimental and control classes.
The effectiveness of the indigenous knowledge-based physics comic of marbles game was analyzed using
the quantitative method applying the effect size analysis. The effect size was obtained by calculating the
value of Cohen’s f from the transformed scores of eta square (η2) in the table of the test between-subject
effects or the value of Cohen’s, which can be measured by using the following equation:
(1)
The category of Cohen’s f can be stated in Table 3.
Cohen’s f
0.00 – 0.10
0.11 – 0.25
0.26 – 0.40

Interpretation of Effect Size
Small Effect Size
Medium
Large

Table 3. Cohen’s f interpretation (Cohen, 1998)

4. Findings and Discussion
4.1. Instructional Media
The making of the media was done by making the scenario, characters, and roles. The comic was made in
accordance with the indigenous knowledge of marbles games which contain characterization,
characteristics of the characters, plot of story, dialogues, picture illustration, problems, and solution. The
story in the comic was composed of eight episodes, each of which presents the sub-topic of
momentum-impulse materials. The comic media was developed by using the Kodular program and the
final product is in the form of apk which can be used both offline and online in playing the apperception (in
the form of a video application of momentum-impulse material in everyday life) video in the
Android-based comic. This comic medium of marbles game can be displayed by using a smartphone with
the Android platform. The display of the comic media can be seen in Figure 2.
Figure 2 is a display of the developed comic media. The menu feature is the initial section of the media
which contains an introduction, history, topics, knowledge, comics and about the developer. The
preliminary feature discusses the competencies to be achieved in learning. The historical feature consists
of a brief history of marble games, marbles game procedures, and a short video about playing marbles.
The topic feature consists of 7 topics, where for the first meeting using topics 1 to 4 and the second
meeting using topics 5 to 7. The comic feature consists of 8 episodes where the comic content discusses
impulse momentum material associated with marble games. Developer feature contains physics comic
media developer biographies. The comics that have been made are then used in the teaching and learning
process. Before starting the lesson, students were asked to install the marbles game comic on each of their
androids. Once installed, the teacher explains the procedure for using the comic. The comic will be used
for 2 meetings in the impulse momentum chapter.
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Menu

Introductory feature

Historical feature

Topic feature

Comic feature

Development feature

Figure 2. Comic media display

4.2. Statistical Tests
In this research, the statistical test was conducted by using the multivariate statistical test or MANOVA. It
was conducted in order to reveal the effectness of indigenous knowledge-based physics comic of
Android-based marbles games in improving verbal representation and critical thinking abilities in physics
instruction. The MANOVA analysis used the software of IBM SPSS Statistics 21. The requirements for
the MANOVA analysis are when the test requirement is fulfilled, as follows.
1. The research has two or more dependent variables, i.e. verbal representation ability and critical
thinking ability.
2. The independent variables in this research are the physics comic and indigenous knowledge media
of marbles game.
3. The inter-class observation is independent; there is no relationship between the try out classes.
4. The sample used is more than 25 in each class.
5. There is no univariate or multivariate outliner.
6. Test of Normality
Whether or not the data were normally distributed was not seen in the data analysis of Shapiro-Wilk. The
use of Shapiro-Wilk shows the value of Sig. in the Shapiro-Wilk column in the table of Tests of
Normality in the SPSS output. Table 4 shows the result of the test of normality of the data from the
experimental class.
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The value of Sig. in the Shapiro-Wilk column results in the conclusion that in the pretest and posttest,
critical thinking has the values of sig. 0.68 and 0.061 which are lower than 0.05 and thus H_o is accepted,
so that the distribution of the data on critical thinking is multivariately normal. The pretest and posttest
scores in verbal representation are 0.65 and 0.067 which are lower than 0.05 and thus H_o is accepted, so
that the distribution of the data on verbal representation is multivariately normal.
The value of Sig. in the Shapiro-Wilk column results in the conclusion that in the pretest and posttest
critical thinking has the values of sig. 0.63 and 0.066 which are lower than 0.05 and thus H_o is accepted,
so that the distribution of the data on critical thinking is multivariately normal. The pretest and posttest
scores in verbal representation are 0.431 and 0.182 which are lower than 0.05 and thus H_o is accepted, so
that the distribution of the data on verbal representation is multivariately normal.

Pretest
Posttest

Group
Critical thinking
Verbal representation
Critical thinking
Verbal representation

Kolmogorov-Smirnov
Statistic
df
Sig.
.171
35
.011
.173
35
.009
.163
35
.020
.142
35
.071

Shapiro-Wilk
Statistic
df
Sig.
.943
35
.068
.942
35
.065
.941
35
.061
.942
35
.067

Table 4. Result of normality test of the experimental class

Pretest
Posttest

Group
Critical thinking
Verbal representation
Critical thinking
Verbal representation

Kolmogorov-Smirnov
Statistic
df
Sig.
.205
35
.001
.123
35
.198
.141
35
.075
.179
35
.006

Shapiro-Wilk
Statistic
df
Sig.
.942
35
.063
.970
35
.431
.942
35
.066
.957
35
.182

Table 5. Result of normality test of the control class

4.3. Test of Homogeneity
The data analysis of the test of homogeneity was conducted by using the software of IBM SPSS Statistics
21. The homogeneity test is based on the variant-covariant similarity. The result of the analysis is
presented in Table 6.
Based on the result of SPSS in Box’s M table above, the value of Sig. is 0.393 which is bigger than 0.05
which means H0 is accepted, and thus the sample variation is homogeneous or relatively the same.
Box’s Test of Equality of Covariance Matrices*
Box’s M
3.087
F
.996
df1
3
df2
832320.000
Sig.
.393
Table 6. Result of homogeneity test

4.4. MANOVA Test
The MANOVA test was administered in order to see the average difference in the improvement of the
verbal representation and critical thinking abilities of the students in the experimental and control classes.
The analysis of the data on the MANOVA test was done by using the software of IBM SPSS Statistics 21.
The result of the MANOVA test is presented in Table 7.
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Based on the table above, for Group (critical thinking and verbal representation) with the type of
Hotelling’s Trace is obtained the value of Sig. 0.00, which is lower than 0.05 and thus H 0 is rejected. This
shows that there is a difference in verbal representation and critical thinking abilities of the students
taught by using the media usually used in physics instruction.

Effect
Hotelling’s Trace

Value

Sig.
.783

.000

Table 7. Result of MANOVA test
4.5. Analysis of Effect Size
The effect size analysis was done to find out the effect size of indigenous knowledge-based physics comic
of Android-based marbles games on the improvement of verbal representation and critical thinking
abilities in physics instruction. The effect size is obtained by calculating the Cohen’s f value from the
transformation of the beta square value in the test between-subject effects table when performing
Hotteling’s Trace analysis. The result of Cohen’s f calculation can be seen in Table 8.

No
1
2

Variable
Verbal representation

Eta Square

Critical thinking

Cohen’s f
.104

.11

.395

.43

Table 8. Result of effect size estimation

Table 8 shows that the value of Cohen’s f in verbal representation ability is 0.11, interpreted as medium
effect size. The value of Cohen’s f for critical thinking ability is 0.43, interpreted as large effect size. The
conclusion drawn from the above calculation is that the developed product in the form of an indigenous
knowledge-based physics comic of Android-based marbles games in physics teaching has effects on
students’ verbal representation and critical thinking abilities. In other words, the developed product is
effective in improving verbal representation and critical thinking abilities.
The finding above is supported by the statement that the use of interesting instructional materials with the
character integrated in a comic makes students interested to learn (Fahri & Samsudin, 2012; Saleh & Alias,
2007). The teaching which uses comic media can improve students’ understanding (Rahayu & Kuswanto,
2020). Previous studies also reveal that science comics become an instrument to facilitate the teaching of
natural science to students in an interesting way. Fatimah and Widiyarmoko (2014) emphasizes that
science comics can improve students’ critical thinking ability.
The aforedisplayed finding of this research states that the Android-based physics comic is feasible to use
in physics instruction. This statement is supported by previous research (Hadi & Dwijananti, 2015; Sari,
Ratnaningtyas, Wilujeng, Jumadi & Kuswanto, 2019) stating that an Android-based physics comic medium
is feasible as a supplementary learning material for students. The use of mobile learning in teaching can
improve a high learning achievement and it can be a medium to support teaching. A study by Hung,
Hwang, Lin, Wu and Su (2013) reported the use of mobile learning-based inquiry approach in teaching,
where the students learning by using the mobile learning-based inquiry approach has less cognitive load
and higher learning achievement compared to those using the traditional approach.
The comic medium was developed by the physics analysis of the indigenous knowledge of marbles game on
the ability of verbal representation and critical thinking. It was developed based on facts, concept of
principle law, and theories in physics, especially momentum and impulse materials. This comic is used for
high school students at the vulnerable age of 15-18 years. It invites students to understand the phenomena
of momentum and impulse in everyday life. The phenomena given in the comic prove that the comic media
can improve verbal representation and critical thinking abilities in a high category. This is in line with the
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research conducted by (Pramadi, Suastra & Candiasa, 2013) who reported that the teaching by using a comic
with local wisdom is better applied than teaching without using a comic containing local wisdom. Comics
containing local wisdom can enrich scientific treasure and development of innovative education.

5. Conclusion
The use of indigenous knowledge-based physics comics: the Android-assisted marbles game in learning is
more effective in improving critical thinking skills and verbal representation compared to learning using
power points (PPT). Based on these findings, the effectiveness of comics can be seen from the results of
the interpretation of medium effect size for verbal representation ability and large effect size for critical
thinking ability. Physics comics packed with narration and story lines are integrated with marble games,
making comics even more interesting. Through indigenous knowledge-based learning, it can also in still
the value of local wisdom and easy learning of physics material. That is, learning media that links physics
material with indigenous knowledge can make students better understand and maintain local wisdom.
Therefore, physics comics based on indigenous knowledge: the Android-assisted marbles game can be
used as an alternative in the selection of learning media to improve critical thinking skills and verbal
representation.
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