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Abstract—The research aims to 1) develop a feasible physics learning media
based on local wisdom (waterwheel); 2) measure the improvement of student’s
representation abilities after using of learning media based on local wisdom . The
development of media used 4D model; (a) define, (b) develop, (c) design, and (d)
disseminate. The feasibility of the learning media is obtained through expert val-
idation and limited test. The improvement of the students' vector representation
and diagram representation abilities was obtained through field test. The partici-
pants of field test were 25 students of experimental class and 25 students of con-
trol class in SMAN 3 Yogyakarta. The results show that the local wisdom-based
learning media is feasible to use based on the expert validation and limited test.
The gain score obtained from field test showed that that the learning media can
improve the students' vector representation and diagram representation abilities.

Keywords—M-Learning, Local Wisdom, Learning Media, Vector Representa-
tion, Diagram Representation

1 Introduction

Nowadays, various learning media can be accessed in mobile, such as personal com-
puting, communication, internet access and many others. All of them are accessible
through mobile media. This leads to the common use of mobile media by the junior
high school and senior high school students [1][2][3]. For this reason, teachers should
utilize technology to create an effective, fun and challenging learning environment for
students [1]. The multimedia applications created by the teachers themselves are pre-
cisely the effective teaching materials in education [4]. M-learning emerges as a poten-
tial medium to facilitate learning by supporting the communication between teachers
and students, enabling flexible learning, enhancing the search and sharing of infor-
mation, discussions and other features [5][6][7]. Due to those advantages, M-learning
becomes a promising as well as challenging to be developed and implemented in learn-
ing.

In this study, the physics concepts was explained in one of Indonesian local wisdom.
Kesiman and Agustini [8] stated that by studying and analyzing Indonesian culture,

iJIM - Vol. 12, No. 6, 2018 85



Paper—Development of Physics Mobile Learning Based on Local Wisdom to Improve Vector...

many local wisdom concepts found are still applicable in the society and can be utilized
to support learning. Waterwheel is a local wisdom used by some Gunung Kidul local
society to irrigate their rice fields. In this study, local wisdom is chosen as the source
of contextual learning. By using local wisdom waterwheer in learning, teacher can ex-
plain physics concept with a familiar and close example to student. Rosengrant, Van
and Etkina[9] stated that by exposing students to real learning in their daily life, both
in terms of material exposure and problems or questions, will help students to improve
their representational abilities. Therefore, the aim of using local wisdom based learning
media is to improve the abilities of vector representation and diagram representation.
To obtain the learning based on the local wisdom of waterwheels, it is necessary to
choose the appropriate media to display representations such as verbal, diagrams, im-
ages, graphs in the form of animations and simulations which are clear and interesting
to be understood by the students visually. The selection of m-learning is expected to be
able to facilitate the needs for more interesting vector and diagram visual display in
learning.

This paper explains the steps of this development research. For this purpose, this
paper will be organized into some sections. Section 1 is to introduce the main idea as
the background of the research. After that, these ideas are discussed more clearly
through literature review in section 2 and research questions are stated in section 3. In
section 4 methodology of research are discussed briefly, meanwhile the detail of design,
development and assessment are explained in section 5 dan 6. Finally, the result of
development are discussed in section 7 and concluded in Section 8.

2 Literature Review

2.1  Mobile Learning

M-Learning is the use of media technology, wireless networks, and mobile phones
to facilitate, support, enhance and expand learning achievement and the learning itself
[10]. The use of m-learning in learning can contribute positively. Leeds [8] found that
learning using m-learning can improve some students' average ability and enable the
learning outside the classroom. One of the important components in m-learning is the
operating system used. In designing appropriate m-learning the developer should con-
sider who will use it, the type of media used and the operating system used as well as
how to make it easily accessible [11]. This consideration is important in order to make
the learning media meaningful, useful, involving students and user friendly. Thus, the
development of m-learning requires a design which is applicable to atmosphere of
learning and the students condition.

Studies on the use of m-learning using the android platform have been widely con-
ducted recently. This is due to the rapid development of technology and the students'
close familiarity with mobile devices. Mobile device such as smartphone was used for
communication or access to information. Among the studies was a study conducted by
Hwang et al [12]. The study used inquiry approach that is based on mobile learning.
From the pre and post test, it was found that students who studied using inquiry
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approach that was based on mobile learning had better achievement and less cognitive
load compared to those who studied using traditional approach. In terms of motivation,
the use of android-based learning media can have a positive impact as indicated by the
results of the study conducted by Lubis and Ikhsan [13]. They found that there was an
increase in the students' motivation with the use of android learning media. The learning
can be displayed more attractively and more fun by the learning media developed.
One of the important components in m-learning is the operating system used. An-
droid is one of the open operating systems and application frameworks which is sup-
ported by Google that can be used as an m-learning platform. Android offers rich and
innovative application development that supports audio and video formats [6]. The An-
droid operating system has several advantages over other operating systems, including
more flexible and more inclusive to distribute the applications. If students do not have
android media, they can still use the application through a computer with an android
emulator [2]. Due to those advantages, selected as the operating system in this study.

2.2  Local Wisdom of Waterwheel

Some parties defined local wisdom as the value of knowledge. In addition, this wis-
dom has a useful value and has been accumulated for years or generations in different
societies with diverse and distinct historical backgrounds [14][15][16]. Liliweri [17]
defined local wisdom as traditional knowledge which is the cumulative body of
knowledge of a group about life practices as well as interactions with nature and the
environment that have been entrenched within the society. Machmud [18] explained
that local wisdom emerges as a community effort to solve problems with the environ-
ment. Thus, local wisdom can be defined as the values of knowledge in society that
have been validly tested in a distinct local context. This values are useful in the practice
of everyday life and have been inherited from generation to generation.

Waterwheel is a local wisdom used by some local society in Gunung Kidul, Yogya-
karta. For Javanese society, agriculture is one of main element of their culture because
most of them belong to the primary economic sector [19]. The rice farmers inde-
pendently in group built a waterwheel to irrigate their fields. The waterwheel main
components are wheel, bamboo tubes and pedals. Most of components are made from
wood and bamboo which are easily obtained from surrounding environtment. The wa-
terwheel can overcome irrigation problem in dry season. In addition, the use of the
natural components is more economical and environmentally friendly than the use of
water pumping machines. The activities of building a waterwheel in group also create
harmony and cooperation among society.

In construction and how waterwheel works, there are physics concepts such as cir-
cular motion, gears circular motion, potential energy, kinetic energy, volume flow rate
and continuity equation. From this fact, using local wisdom waterwheel as a base of
learning is not an impossible thing to do. A study by Azizahwati et al [20] that the use
of local wisdom as a basis in learning can provide a positive impact on the learning
outcomes of physics science. In addition, including local wisdom content in learning
gives some advantages, such as, presenting contextual learning [21][22], conserving
and revitalizing local wisdom value [23], increasing students’ awareness and
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participation about environmental issues, and introducing local and cultural wisdom
that has not been known among younger generation [24]. Overall, integration of local
wisdom in learning is expected not only to give impact to students but also become an
effort to preserve the cultural value itself.

This study focus on the use of local wisdom to serve contextual learning. Local wis-
dom can be an example of real application of physics in daily life. Barniol & Zalava
[25] and Kustusch [26] suggest teachers should include context in the questions to ex-
plain the concept of physics. It can be from daily life context, for example a moving car
or waterwheel, or from vector context directly. By exposing students to real learning
with their everyday life both in terms of materials exposure and problems or questions
provided, teachers can create rich representation. Some of the physics concepts that can
be studied from the local wisdom of waterwheels are shown in Figure 1.

Crears
Circular
Motion

Potential Energy
Circular Motion

Wolume Flow REate

e - and
Einetic Energy . Contitmity Equation

Fig. 1. Physics Concepts in Local Wisdom of Waterwheels

3 Research Questions

The purpose of developing this learning media is to produce android-assisted physics
learning media based on local wisdom which is feasible to use in order to improve the
multi-representation ability of the students. Therefore, the followings research ques-
tions can be formulated:

a) Is the developed learning media based on local wisdom feasible?
b) Is the developed learning media able to improve the students’ vector representation
and diagram representation abilities?
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4 Research Methodology

The development of the learning media was conducted using Research and Devel-
opment method and followed the stages of 4-D development model by Thiagarajan,
Semmel and Semmel [27]. 4-D model consists of Define, Design, Develop and Dis-
seminate. Through these four stages, a product in the form of a valid learning media
which has been through the limited test and field test stages was obtained.

a) Define : Analyzing needs of learning according to curriculum, student and class
condition, and their knowledge about local wisdom. This stage is conducted through
interview, class observation and preliminary survey.

b) Design : Designing learning media based on result from previous stage. Researcher
formulated material based on local wisdom and made initial design of learning me-
dia in a storyboard.

¢) Development : developing learning media using Adobe Flash Professional CS 6 and
converting it into android mobile apps. In this stage, learning media was tested
through expert validation, limited test and field test. after each test, learning media
was revised based on the assessments. The tests conducted to obtain a feasible learn-
ing media.

d) Dissemination : Disseminating the learning media after it stated feasible.

5 Design and Development of Learning Media

The theoritical framework for the design and development of the learning media in this
study was obtained from the synthesis of several sources. The indicators of the students'
vector representation that want to be achieved were synthesized from Aguirre & Erick-
son [28], Knight Randal D [29], and Nyuyen & Meltzer [30]. Meanwhile, the indicators
of diagram representation abilities were synthesized from Larkin & Reif [31], Etkina et
al, [32] and Rosengrant, Van and Etkina [9]. The framework of references are listed in
Table 1.

The feasibility of the learning media is determined through expert validation, limited
test and field test. Validation test was conducted by material experts, media experts,
two physics teachers and four peer reviewers. Based on the validators assessment,
learning media was revised. Next test was limited test on 22 students. In this test, the
students do independent learning using the learning media and then asked to fill out an
assessment questionnaire. The assessment of the field test subjects was used to make
the second revision on the learning media. The last test was field test. In the field test,
the learning media was used in the learning process in the treatment class. As a com-
parison, there was a control class that did not use the learning media. The participants
were 50 students. They were 25 students in the experimental class and 25 students in
the control class. They are 10th grade students of SMAN 3 Yogyakarta. Both classes
were given pre-test before starting the treatment. The learning on circular motion ma-
terials was done for 2 weeks by the same teacher. After the learning was complete, the
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Table 1. Design and Development Framework based on Representation Indicators

Vector Representation

Development in Media

N R
0 Indicators
Display images and animations that differentiate vector quantities and
scalar quantities in the circular motion of the waterwheels
X . . Display direction explanation of each vector quantity by using arrow im-
Describe and identify the |,005 and the right hand rule
1 scalar and vector quanti- [— - - -
ties Display the image of vector quantity with complete numbers and correct
direction, length and label
Provide examples of questions and solutions that describe and identify
the scalar and vector quantities
Display the animations, interactions of the forces causing the circular
motion
Describe and calculate |Display explanation of centripetal acceleration direction to the center of
) vector quantities correctly |the circle with vector analysis
to perform tl.1e problem | Analyze the different centripetal accelerations at each point on the pen-
solving dulum that is tied to the rope
Provide examples of problems and solutions that describe and identify
the scalar and vector quantities
Display circular motion diagram with quantities involved completely
. . Display animation of wheel-to-wheel relation on a waterwheel power
Interpret 1nforrgat10p plant with a rotational speed corresponding to the spokes of the wheel
from a representation into N N N ; - -
3 diagram representation to Explain the direction of centripetal acceleration motion toward the center
solve the problem of the circle through the diagram
Display examples of question through animation and verbal explanation
as well as solutions that employ diagram representation
Display animation of wheel-to-wheel relation on a waterwheel power
plant with a rotational speed corresponding to the spokes of the wheel.
Employ diagram repre- |Explain the relation of linear velocity and the angular velocity of the
4 | sentation to determine in- [wheels which are interconnected through diagrams, animations and ver-

teraction in the system

bal explanations

Display examples of problem through animation and verbal explanation
as well as solutions that determine interactions in the system

students were given a post-test to find out the students' representation ability after the
learning. The improvement of students’ representation ability was determined by gain
score of each class. The gain score equation was written in equation (1), meanwhile the
criteria of gain score presented in Table 2.
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Table 2. Gain Score Criteria

No. Gain Score Criteria
1. g 20,70 High
2. 0,30< g <0,70 Medium
3. 9<0,30 Low
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6 Representation Abilities Assessment

The assessment instrument of vector representation and diagram representation is 6
essay questions consisting of 3 vector representation problems and 3 diagram represen-
tation problems. Problems were developed based on the indicators in Table 1. Each
indicator is elaborated into several sub-indicators as a problem-solving steps by using
representation. In addition to explain the indicators, the sub-indicators are also used as
the assessment criteria. Assessment used 1-5 scale to sum the number of problem solv-
ing steps conducted by the students. The assessment criteria for the vector and diagram
representation abilities are shown in Table 3.

Table 3. Assessment Criteria of the Vector Representation and Diagram Representation Abili-

ties
No Vector Representation Assessment Scoring
Aspects / Problem Solving Steps
1 Describe vectors in complete amount 1if 1 step is performed
- — 2 if 2 st fi d
2 Describe vector direction correctly . < Seps are per orme
3 if 3 steps are performed
3 Describe vector length correctly / pro- 4 if 4 steps are performed
portionally 5 if 5 steps are performed
4 Label vectors correctly
5 Identify scalar and vectors quantities
correctly
No | Diagram Representation Assessment Scoring
Aspects / Problem Solving Steps
1 Make a diagram to solve the problem 1 if 1 step is performed
2 Draw the diagram components in- 2 %fz steps are performed
. . 3 if 3 steps are performed
volved with correct proportion .
- - — 4 if 4 steps are performed
3 Identify known physics quantities cor- .
5 if 5 steps are performed
rectly
4 Identify the relation of known physics
quantities correctly
5 Perform problem solving from diagram
representation correctly

7 Results and Discussion

7.1  Learning Media

The learning media was developed according to storyboard designed before. Story-
board is the initial script that becomes the outline of the media development. The learn-
ing media was developed using Adobe Flash Professional CS 6 software with action
script 3. Furthermore, the learning media file was published to android with apk exten-
sion. This application can be installed on the android media for both smartphones and
tablets. The tittle of learning media is KLASIKA : Kearifan Lokal dalam Pembelajaran
Fisika (Local Wisdom in Physics Learning). Figure 2 is the display of the learning me-
dia interfaces.
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7.2 Feasibility Test Results

The learning media that has been developed was tested for feasibility to answer the
first research question. Feasibility tests were conducted through expert validation and
field testing. In expert validation, validators assessed learning media quality in term of
its media/appearance and material/ substance. The assessment results both from the
materials aspect and media aspect are categorized as ‘very good’. Nevertheless, there
were some point to be revised from mobile learning according to validator suggestion.
The expert validation assessment results are shown in Table 4.

Table 4. Expert Validation Results

Assessment Aspects

Score Interval

Average Scores

Category

Learning

X>21

17<X<21

13<X<17

9<X<13

X <9

22

Very Good

Materials

Materials

X >378

306 <X <378

23,4 <X < 30,6

162 <X <234

X 16,26

39

Very Good

Audio Visual
Display

X > 46,2

374 <X <46,2

286 <X <374

19,8 <X < 28,6

X <19.8

51

Very Good

Media

Software En-
gineering

X>21

17<X <21

13<X <17

9<X<13

X <96

23

Very Good

Revised learning media was used in the limited test. From the students' question-
naires on the limited test, the learning media is categorized as ‘good’ from the aspect
of materials/learning and ‘very good’ from the aspect of media operational display.
Based on the results of expert validation and this limited test, the learning media is
feasible to use. The use of learning media that is mobile or m-learning is considered
capable and appropriate to facilitate the audio visual display of the vector and diagram

representation. Table 5 shows the limited test results.
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Table 5. Limited test Results

Assessment Aspects Score Interval Average Scores Category

X>21
17<X<21
Materials/Learning 13<X <17 20.69 Good
9<X<13

X <9

X > 42
34<X <42
Display/Media Operation 26 <X <34 43.87 Very Good
18<X <26

X<18

7.3 Representation Abilities Improvement

Answering the second research question, the learning media then tested in field test-
ing to find out whether the learning media can improve the vector representation and
diagram representation abilities. This field test was conducted on 25 students in the
control class and 25 students in the experimental class. From pre-post test of both class,
gain score of each class can be determined and interpreted according to Table 2.

The results of this test showed that or vector representation ability, both classes gain
score were categorized as ‘medium’. For the diagram representation ability, gain score
of control class was in ‘medium’ category. Meanwhile, gain score of the experimental
class was in ‘high’ category. In general, the gain scores from both class indicated that
the improvement of representation ability of experiment class is higher than control
class. The pre-test and post-test results that obtained the gain value of both classes are
shown in Table 6 and 7.

Table 6. Field Test Gain Data for Vector Representation Ability

Class Vector Re[{r.esentatlon Gain Criteria
Ability
Control 8.00 52.80 0.48 Medium
Experimental 11.20 62.13 0.57 Medium
Table 7. Field Test Gain Data for Diagram Representation Ability
Class Diagram Re.p.resentation Gain Criteria
Ability
Control 0.00 62.93 0.63 Medium
Experimental 0.53 69.87 0.70 High

In term of number of problem-solving steps conducted by the students, there is a
difference between both classes. The frequency of students performing problem solving
with a number of steps of vector representation and diagram representation is shown in
Figure 3 and Figure 4.
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Fig. 3. Graph of the Number of Students Conducting Correct Problem Solving Steps for Vec-
tor Representation

Figure 3 shows that there is a difference in the distribution of the number of students
who solve the problem by using vector representation with a specific numbers of steps.
For indicator 1 (describe and identify the scalar and vector quantities) most of the stu-
dents in the control class that is by 56% only performed 3 steps correctly. As for the
students in the experimental class, 40% students performed 4 steps correctly. What is
interesting from the graph is the number of the students in the control class who per-
formed 5 steps correctly is 4% higher than the experimental Overall, there were more
numbers of experimental class students who performed 4 and 5 steps of problem solv-
ing than control class.

Indicator 2 is the ability to describe and calculate the vector quantity correctly for
solving the problem. For this indicator as shown in Figure 3, the experimental class
students perform it better than the control class. This can be seen from the high number
of experimental class students who perform 4 and 5 problem solving steps, 40% to 32%.
This number is quite different from that of control class that is 28% and 4% for 4 and
5 problem solving steps. In fact, the number of control class students who only perform
1 step is quite high. This indicates that after the learning, the experimental class students
have the ability to describe and calculate the vector quantity correctly to perform better
problem solving than the control class students.

iJIM - Vol. 12, No. 6, 2018 95



Paper—Development of Physics Mobile Learning Based on Local Wisdom to Improve Vector...

52% 52%

24% m Control

= Exzpenment

Number of Learners

8% 8%

4%

l 0% 0%

1 2 3 4 3 | 1 2

Number of Correct Problem Solving Steps

Indicator 3 Indicator 4

Fig. 4. Graph of the Number of Students Conducting Correct Problem Solving Steps for Dia-
gram Representation

Indicator 3 measured student ability to interpret information from a representation
into diagram representation to solve the problem. From the data obtained, what is in-
teresting is that most of the experimental class students (52%) only perform 4 steps to
solve the problem and nobody performs it with the complete 5 steps. As for the control
class, it is the same as the previous 2 indicators which indicate a normal curve; in which
the majority of the students perform 3 steps to solve the problem. Lastly, Indicator 4
measured ability to use a diagram representation to determine the interactions in the
system. In this ability, the graph follows the same pattern as the graph on indicator 3.
The experimental class has a distribution of students who perform more numbers of
problem solving steps than the control class. Most of the control class students (52%
and 8%) perform 4 and 5 steps to solve the problem correctly and nobody performs just
1 and 2 steps. This shows that after learning with the learning media, the experimental
class students can use the diagram representation to better determine the interaction in
the system compared to the control class students.

Overall, from Figures 3 and 4, it can be observed that the frequency of the experi-
mental class students performing complete problem-solving steps (4 and 5 steps) is
higher than the control class students. For some indicators, there were even no students
who only perform 1 and 2 problem solving steps. This difference is more obvious in
the diagram representation ability. In the control class, the frequency distribution is
more to form a normal curve, students perform mostly 3 steps of problem solving. This
suggests that the use of the android-assisted learning media which is based on local
wisdom in the experimental class can help students to solve the problems with more
steps (4 and 5 steps) than the control class students.
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The field test results obtained show a higher level of the vector representation and
diagram representation abilities of the students who use the developed learning media
which is based on local wisdom. This positive outcome indicates that local wisdom can
be well integrated in learning. This is in line with the studies conducted by Suastra,
Tika and Kariasa [33]. Their study developed the competence of science learning based
on traditional local wisdom such as measurement with traditional methods and tradi-
tional medicine. From the study results, it is found that the learning model which is
based on local wisdom is quite effective in improving the students' basic competence
of physics science both in the academic achievement and scientific performance.

The developed learning media which is based on local wisdom is one of the efforts
to display the contextual learning. Suastra [34] states that local wisdom can accommo-
date the needs of illustrations in science learning because of their interrelationships in
the daily life. In terms of solving the problem, Moreno, Ozogul and Reisslein [35] added
that in order to improve the problem-solving ability of the students, the diagram repre-
sentation used remains connected or emphasized in their concrete form. Presenting
physics consepts through the context of the waterwheel as local wisdom helps the stu-
dents to understand the concepts in a concrete and a contextual way. Therefore their
vector and diagram abilities can be improved.

8 Conclusion

This study was conducted to develop an android-assisted learning media which is
based on local wisdom which is feasible and can improve the students' abilities of vec-
tor representation and diagram representation. The results of the study show that
through expert validation and field testing, the learning media is feasible and catego-
rized as ‘very good’. Furthermore, the use of learning media in field test obtained higher
gain score in the experimental class than the control class. This shows that the devel-
oped android-assisted learning media which is based on local wisdom waterwheel can
improve the students' abilities of vector representation and diagram representation.
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