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Abstract This study aimed at developing an
application for elementary science education that uses
Augmented Reality to integrate culture (folklore) and
science knowledge. The application was called SABAR
(that stands for Satua Bali (Balinese folklore)-Augmented
Reality). It was developed by using the ADDIE model. The
analysis stage was carried out by a FGD. At the design
stage, SABAR blueprint was prepared, science concepts
related to the selected folklore were mapped, the content
was drafted, and the initial draft was prepared. At the
development stage content validation, practitioners
consultation, and feasibility testing were carried out. The
results of expert judgment were then analyzed using
Aiken’s validity index. Then a questionnaire was
distributed to 10 elementary school teachers and 100
elementary school students from Denpasar City. The
implementation stage was carried out in one-shot case
study. The try-out involved one class with 30 students,
namely the fifth grade of Public Elementary School No 29
Dangin Puri, Denpasar. The variable tested was scientific
literacy. The data were analyzed using one-sample t-test.
The final stage was evaluation. The result of the content
validity test showed that SABAR has high validity
coefficient. The responses of the practitioners and students
showed that SABAR is easy to use, attractive, and helps
students in learning. The analysis of one-sample test
showed that p-value = 0.000. In other words, there is a

difference in the elementary school students’ scientific
literacy when they learned science by using the application.
This study needs to be continued with a wider range of
population.

Keywords  Augmented Reality, Balinese Folklore,
Elementary School, Science Learning Aids

1. Introduction

The 21* century obliges students to have various
competencies to support their lives. The term competency
can be defined as the ability of an organism to interact
effectively toward its environment that includes the
integration of knowledge, manner and attitude, and also
skills [1-3]. One of the skills required is science and
technology literacy. It cannot be denied that these skills
have become one of the primary needs and life style
nowadays. By acquiring the skills, students will be able to
fulfill the demands of the employment requirements [4].
The acquisition of the skills may happen if teachers apply
the constructivist approach in the classroom [5]. For
example, teachers may involve mobile technology in
learning in order to provide the students with meaningful
learning experiences. Augmented Reality (AR) becomes
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one of the most interesting and interactive mobile
technologies, because of its ability to present realities with
3D (three-dimension) objects in real time [6]. In short, the
involvement of mobile technology as a learning aid will
help students to develop their 21% skills.

Another competency that is considered important is
cultural literacy. Culture includes values, norms,
knowledge, beliefs, thoughts, cultural heritages in the form
of artifacts and objects, practice, experience, places, as well
as languages [7,8]. Referring to the theories of Culturally
Responsive/ Relevant Education and
Cultural-Historical-Activity, the culture of the students’
acts as a learning foundation and as a bridge that connects
academic or scientific knowledge, the students’ culture,
and the environment [8-11]. This approach helps all
students a) to acquire more knowledge about cultural
diversity, b) to utilize the cultural heritages, experiences,
and perspectives which are varied in terms of ethnicity as
the source of learning, in order to enhance their chance to
learn and to improve their learning achievements [10]. For
example, Balinese folklore, which is well known as Satua
Bali, can be integrated into science contents. One of them
is I Buta Teken I Lumpuh (A Blind Man and A Paralyzed
Man) that can be related to the five senses (eyesight) and
human skeleton as well as diseases related to them [12,13].
Therefore, ethno-pedagogy can help students to understand
and find the relevance of science to themselves [14], while
developing their cultural literacy.

In contrast, an engagement of ethno-pedagogy and
mobile technology simultaneously in science education to
develop the 21* century skills has not yet been attempted.
This is true in all levels of education, including elementary
education. Teachers adopt a teacher-centered instruction
mostly (59.17%) and rarely use technology (100%) [15].
The most likely cause of this is the unavailability of
products that integrate mobile technology and local culture
in one package. Another likely reason is that teachers still
do not know much and do not have enough skill about how
to relate the local culture (local genius) and mobile
technology to learning contents in one time. Thus, teachers
have never related Balinese folklore to elementary school
science contents, due to the lack of understanding and the
skill [13]. The condition is worsened by the fact that the
students are not familiar with Balinese folklore, so that the
teachers do not see any potentiality of Balinese folklore
for science education. It might happen because of the
influx of various modern stories which are presented by
using most recent technology that automatically replace
the role of folklore for them [16]. Meanwhile, Satua Bali
is told verbally and has become more rarely told by the
parents. Hence, by integrating science contents and
Balinese folklore by using mobile technology one can
have a very important aid for learning to help teachers
develop the 21 century skills of the students, especially
scientific literacy and cultural literacy.

Augmented Reality (AR) can be considered as the exact
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application of mobile technology to place Balinese folklore
and science contents in a digital platform. The combination
of them into an aid for learning will result in an interactive
digital media for science education in elementary school.
The learning aid which is further called SABAR
application stands for Safua Bali-Augmented Reality.
SABAR application has some advantages. First, the use of
Augmented Reality makes ‘SABAR’ able to present real
objects in 3D in real time when the users do the scan
marker [17,18]. The presence of science contents in the
form of real objects helps students to learn science
contextually according to the stage of child mental
development (concrete operational phase) [19]. Second,
SABAR application is implemented with Android-based
mobile phones and offline. AR can be implemented by
using a device like computer, mobile gadget, and so on [20].
Mobile learning allows students to learn through portable
devices at flexible times and places, and motivates them to
achieve their goals [21-23]. This advantage helps both
teachers and students because mobile phones are owned by
and are so familiar with children from almost all
socio-economic backgrounds, thus it is not difficult to have
one. Likewise, the internet connection problem can be
solved easily. Third, the ‘SABAR’ application can help
teachers to create effective learning experiences, especially
in scientific literacy, technological literacy and cultural
literacy. It means that students can learn science in
accordance with their culture rather than other cultures, so
that they will have meaningful learning experience [24].
Fourth, SABAR application can help the intergenerational
cultural inheritance, so that Safua Bali can still exist in the
community. Based on those advantages, SABAR
application is extremely needed to develop the 21% century
skills. Thus, the purpose of the study was to develop the
SABAR application as a science learning aid in elementary
school.

2. Materials and Methods

The study was in the form of research and development.
This study was conducted at public elementary schools in
Denpasar City, Bali, Indonesia. The development model
which had been implemented was ADDIE model. ADDIE
model consists of five steps, namely analysis, design,
development, implementation, and evaluation [25-28]. The
research procedures, participants, and data analysis based
on the five steps of ADDIE can be described as follows.

2.1. Analysis

At the early stage, the students’ learning characteristics,
competencies, and learning environment were analyzed
first [29]. In order to collect early data, focus group
discussion (FGD) was conducted. The FGD involved 10
elementary school teachers in Denpasar, Bali, Indonesia.
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The FGD was conducted in 90 minutes. The questions were
asked by the leader of the discussion. The questions were
related to the elementary students’ learning characteristics
in Denpasar City, the teaching and learning process that is
commonly followed by the teachers for science contents,
skills that the teachers and the students have already had,
the skills that become the targets to be developed in the
teachers and students, their needs to achieve the skill
targets, and the elementary school learning environment in
the region. The FGD participants expressed their opinions
based on the leader’s questions. The participants’ questions
in the discussion activity were recorded in detail. The data
that were obtained and the FGD activity were then
analyzed.

Interactive descriptive analysis was used to analyze the
results of the discussion. This analysis was done by reading
several times the discussion record to get an understanding
of the data. The meaning units were then summed up, by
finding the similarities and differences. The units with the
same meanings were grouped under one theme.

2.2. Design

The purpose of this stage was to design the prototype of
SABAR and its initial production. SABAR application can
be explained as an aid for learning in elementary school
science education that integrates science contents and
Balinese folklore aided with Augmented Reality. The
inter-relations between science contents and the contents of
Balinese folklore become the contents of the SABAR
application. The supporting contents of the SABAR
application contents are Balinese moral values and cultural
values that are related to the main contents. Augmented
Reality is a digital technology that presents the contents as
realities with 3 dimensions.

At the initial design stage, marker book and Android
based Application were produced. At the first phase in the
design stage, the SABAR application blue print was
designed. The blue print contains the description
components of marker book, AR application, and SABAR
real time display. At the second phase, the types of
Balinese folklore that are related to science contents were
mapped. In addition, at this phase moral values and local
wisdoms that are related to science contents were mapped
too. The marker book scenario and the 3D display were
designed at the third phase. The scenario design contained
pictures, texts on marker book, animation displays,
narration voice, back sounds, and students’ assignments at
the last page of the book. A scenario was made for each
picture in marker book. The last phase was the production
of the application based on the scenarios that had been
written. The production process involved 3D unity
application and Vuforia.

2.3. Development

At the development stage, experts’ validation and
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practitioners’ response to SABAR application were the
main concerns. The content validation of the SABAR
application was judged by experts and their agreement was
shown with a rating scale. Two experts were involved, one
of them was a technology expert and another one an
elementary education expert. The assessment components
consisted of three different aspects. The aspects were
content, construction, and delivery. In the content aspect,
the compatibility between the content and science
curriculum in elementary school, the depth of content, and
the suitability of the content with the elementary school
students’ developmental stage were the basic things to
assess. In the construction aspect, an assessment was done
to find the suitability of the product to the product
characteristics and literature that underline the product, and
stimulation to the learning process of the students. In
delivery, the product was assessed in terms of its ease of
use, functioning, language and symbols, as well as the
attractiveness of presentation. The result of the validation
was analyzed using Aiken’s validity index and had been
used as a consideration in revising the product.

Furthermore, the product had also been consulted to
practitioners for having more inputs and suggestions. There
were three elementary school teachers involved in this
process. The teachers answered questions in an
open-question questionnaire. The questions were about the
ease in using the product, failure possibility, the
attractiveness, completeness and clarity of the presentation,
level of language and symbols used, and also the
stimulation toward students’ learning activities. Inputs and
suggestions were used as the considerations for a further
revision.

The feasibility of the products is based on comments
given by the teachers and the students. The feasibility of
the product based on the teachers’ comments is concerned
with the ease of use, attractiveness of the product,
efficiency of time, clarity of the contents, the suitability
with the users’ characteristics, and the problems in using
the product. Meanwhile, the feasibility based on the
students’ comments was about the ease of use, the
completeness and clarity of the contents, the ease to
understand the contents, and the product ability to assist the
students in learning. The data for the feasibility were
collected through questionnaire in which teachers and
students were the source of the data. The respondents had
used the application in the teaching and learning process in
a classroom before. They were then asked to answer
questions in the feasibility questionnaire.

There were 10 teachers of 5" grade of elementary
school and 100 students from 10 different public
elementary schools in Denpasar city involved in the
feasibility testing. The city of Denpasar was chosen based
on three considerations. First, the city of Denpasar is the
center of government in Bali Province and is also
considered as a city of education in Bali. So, the city
becomes the model for other cities. Second, the
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development of technology in this city can be considered to
be well-developed. It means there are no obstacles in using
gadgets, the internet connection, and other supporting
technologies. Third, there is a high variety in demographic
and socio-cultural backgrounds of the teachers and the
students.

2.4. Implementation

The product was tested with the fifth grade students of
the Public Elementary School No. 29 Dangin Puri,
Denpasar, Bali. The school is situated in the center of the
city. The fifth grade teacher was a government worker with
10 years working experience. She was a holder of a
professional certificate as an elementary school teacher.
The fifth class consisted of 30 students. Their ages were
between 10 and 11. The teacher and the students of the fifth
grade were familiar with smart phones but had never used
SABAR application or other applications like it. It means
that SABAR application was a new application to them. All
of the fifth grade students were used as the
pre-experimental sample.

The try-out design that was used was a pre-experimental
design, that is, one-shot case study design. The variable for
the product testing was scientific literacy of the students.
Scientific literacy is an understanding of scientific
knowledge and problem solving skills based on scientific
concepts [30]. The components of scientific literacy
selected were conceptual and procedural scientific
literacies. The choice of the components was based on the
correspondence with the SABAR contents. The data
collected were then arranged based on the components
chosen. The data on scientific literacy were collected with a
test. The test used the multiple choice format with four
options. The test consisted of 10 questions. Since the test
had the multiple choice format, the score of each answer
was 1-0. The data were analyzed by one sample t-test.
Before the test was tested with one sample-t-test, normality
testing was performed first.

2.5. Evaluation

The evaluation stage was actually conducted in every
development process. However, the last process of
evaluation was focused on the goals attainment and the
targeted result. The result of the evaluation was then used
as the product final revision.

3. Results and Discussion

The result of this study was SABAR application, which
can be defined as an aid in learning science for elementary
schools that have specific characteristics. The product was
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developed through several processes. The result from every
single process can be described below.

3.1. Analysis Result in Early Stage

A focus group discussion was held by involving 10
elementary school teachers to gain data on the early stage.
The data were in the form of students’ learning
characteristics, students’ competencies, and their learning
environment. The result showed that the students were
excited to learn when the learning process used mobile
phones. By using mobile phones in the learning process,
there are several skills that can be stimulated, like
collaborative activity that helps much in group work,
increases the students’ creativity, and enhances their
communication skills [31,32]. The students were also good
at using mobile phones due to their daily habit of using
them at home. Mobile phones which were used by students
were Android based smart phones with various
specifications.

In relation to Satua Bali that was integrated to the
science contents, the teachers stated that they had never
done that. So, the students had not any experiences of
learning science through their local culture. This happened
due to the unavailability of aids for learning science that
are compatible with the specification needed. The students
were familiar with studying science from the materials that
are based on books, with pictures or videos as additional
media. In order to provide students with meaningful
learning, teachers are demanded to be able to cross the line
of their science culture and their own culture by connecting
the students’ prior knowledge to their science knowledge
[24]. For that reason, the teachers hoped to have aids for
learning which could integrate Safua Bali and science
contents in the form of a new attractive technology.

3.2. SABAR Design

SABAR application has two main components, namely
marker book and Android based Application. AR requires
a platform called augmented book which is equipped with
Quick Response Code (QRC) marker and AR application
for handheld device [33,34]. Both of the components were
developed based on the design that had been prepared
previously. In the design stage, the activities that had been
done were drafting the blue print of SABAR application,
mapping the Satua Bali that are related to the fifth grade of
elementary school science contents and the issues in the
community in Bali, drafting the scenario of marker book
and 3D appearance, as well as creating an initial product.

The first phase was designing blueprint of SABAR
application as guidelines in producing the product. The
characteristics of SABAR application that were described
in the blueprint can be seen on table 1.
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Table 1. Blueprint Of 'SABAR’

Aspects Satua Bali Description

Containing 2D (two-dimension) pictures of Satua Bali
and storyline texts.

a. Marker book of ‘SABAR’ Quick Response Code (QRC) marker

Showing home works at the last page that involve the
students’ parents

Android based Application

b. AR Application

AR Camera scanner marker
Displaying 3D objects
Displaying voice narration about science topics that had
¢. Real Time Display been 1nFegr.ated with Satua BAalz‘ .
Presenting issues among societies and ethno science based
on the topics
Presenting moral values
Table 2. Content Mapping Of ‘SABAR’
Satua Bali tittle Science Topics Issues Moral Values
Pedanda Baka (A | Vertebrate and invertebrate animals Kokokan birds (White Stork) conservation | Cautiousness,
Greedy Pastor) Animals’ apparatus in Gianyar, Bali solidarity, honesty
Animals’ breeding

Siap Selem (A Black (Oviparous, ViV‘iparous, Ovoviviparous) Cats which are considered holy animal . '

Hen) Types of animals based on foods | Tabuh Rah Sincerity, greedy
(Carnivore, Herbivore, Omnivore) (Balinese cock fighting tradition)

Ecosystem and its components
Human skeletal system

I Buta Teken I

. Abnormalities on human skeletal system Funeral  procession  of  physically Gratitude, sense
Lumpuh (A Blind " . R .
How to prevent from abnormalities on | handicapped in  Trunyan  Village, of helpfulness,
Man and A Paralyzed . . SN . .
Man) human skeletal system Kintamani, Bangli District, Bali Province. toughness
Five senses
The second phase was designing the mapping process of The initial products were produced based on those

Satua Bali that was related to science contents, especially  scenarios. The examples of the initial products of marker
for the fifth grade of elementary school, moral values, and book and 3D displays can be seen in Figures 2 and 3.
issues in Balinese community that are related to the topics.

There were three Satua Bali that had been chosen to be __sm'h:;f:f;?ﬂflﬁm]
integrated with the science contents. The tittles of them ny
were Pedanda Baka, Siap Selem, and I Buta Teken I i s

Lumpuh. The complete mapping can be seen on table 2. ey

The third phase was designing the scenario of marker
book and 3D display. Example of content scenarios of
SABAR application can be seen in Figure 1.

| Pagel

Marker Plcture: A blind man and a palsied man sat side by side in a
rickery hut,

| Text: In a village, there lived two brothers. They were poor and had no
| parents, His brother s blind, while his younger brother 15 palsied. They
| can't work, so they often don't eat.

| Animation: A blind man sits side by side with a palsied man in a rickety
| but, The palsied mamn touches his feet. Around the b, tall grass swayed
| by the wind.

Figure 3. Display Example on Android Based Application

Hack sound: sad ;|!|11|'-s:r||1;-n'

Audio narration: [“als._\-' ma T2IpOrAry Or pemmnanenl liogs of the ilbi]i[:\.' 3.3. Development Stage Result

| to mowve the muscles of the body. It can ocour due to birth, accidents,

stroke, polio virus attack, injury, and others. Palsy from birth can be The product validation of SABAR involved two experts.
| caused due o -ﬂis.mpl:mn in the :|-r.-'.'|.']I.|p:u-.-nI. PrOCess of the 'hnh}' in the . . .
womb, mfection, bram g.:'nwl!h disorders, premature birth, or difficult The results Of the Vahdatlon by bOth experts were ShOWn mn
| delivery. a rating scale which was analyzed with Aiken’s validation

index. The result showed that the three products of SABAR
Figure 1. Example of Content Scenario SABAR (Pedanda Baka, Siap Selem, and I Buta Teken I Lumpuh)
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had high values of validity, with validity coefficient above
0.8. If the validity coefficient is > 0.80, it means that the
validation values can be considered high [35]. Experts’
comments on the three products of SABAR were about the
attractiveness of the content due to the connection between
the academic knowledge and local cultural heritage.
Moreover, they also contained issues in the community and
moral values in narration. Narration reading was also
interesting, because it was told just like story telling that
made it suitable for learning characteristics of elementary
school’s students. Somehow, there was an obstacle on 3D
object’s rotation in order to be able to be seen from all
angles. Based on the inputs from the experts, revising
process on the products had been done.

The revised version then had been consulted to three
elementary school teachers as practitioners. Those three
practitioners stated that SABAR application was easy to
use and interesting. It contains science knowledge that is
connected with local cultures, issues in the communities, as
well as moral values. Material presentation is complete and
clear, its language is easy to understand, and it is able to
stimulate the students to study more than other media.
However, this application requires mobile phones with
compatible specifications, which become a potential cause
of failure of the product. Then, the practitioners gave
suggestions to reduce the size and memory consumption of
the application, in order to be compatible with all types and
specifications of students’ mobile phones. Thus, based on
those practitioners’ suggestions, the product had been back
to the revision process.

! Experts { 3D Rotation

| Application Size

Practitioners Tedaction

-
|

Figure 4. Inputs and Suggestions from Experts and Practitioners on
Development Stage

A try-out process was carried out to know the feasibility
and the effect of SABAR application. One of the try-out
activities is shown in Figure 5.

Figure 5. Try Out Activity in 5" Grade of Elementary School’s

Students
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Based on the teachers’ comments, the product
feasibility can be seen from several points, like ease of use,
attractiveness, time efficiency, and user compliance,
which can be seen in Figure 6.

iciency
ctiveness

se

er Compliance

Figure 6. Feasibility (%) based on Teachers’ Comments

Referring to the figure above, it can be stated that 100%
teachers stated that the product was easy to use,
interesting, and suitable for use with elementary school
students. In relation to the time efficiency in using the
product, 40% of the teachers stated that the products were
very effective and efficient; meanwhile the rest of them
stated that it was quite efficient. AR is a complement to
the traditional teaching media which can give teachers
opportunity to create a learning process through various
activities in the classroom, to integrate various contents
[33], to create learning based on discovery, and facilitate
the teaching and learning process [36,37]. Yet, in order to
be able to install SABAR application, it requires certain
specifications of Android-based mobile phones. Teachers
also suggested that more Satua Bali could be added to the
application and could be downloaded at Play Store.

The product feasibility based on the students’
comments showed that 100% of the students agreed that
‘SABAR’ application was easy to use, very helpful in
learning process, complete in content, clear, and easy to
understand. Students said that they were happy to study
using SABAR application and hoped that the application
could be downloaded from Play Store. So, the students
were able to interact, the learning process could be done
anywhere in a collaborative way, involving students
themselves, visualized abstract objects, and creating a
bridge between formal and informal learning.

3.4. Implementation of ‘SABAR’

The product testing involved 30 pupils of 5" grade of
29 Dangin Puri Elementary school in Denpasar city. This
process was carried out to determine the effect of SABAR
application on the students’ scientific literacy. The data of
the students’ scientific literacy met the criteria of normal
distribution, as seen on Table 3.
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Table 3. Result of Normality Test
Tests of Normality
Kolmogorov-Smirnov* Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
PK 141 30 135 941 30 .096
a. Lilliefors Significance Correction

Table 4. Result of One Sample T-Test

Samp

le Test

Test Value = 30

95% Confidence Interval of the Difference
t df Sig. (2-tailed) Mean Difference
Lower Upper
PK 9.606 29 .000 35.000 27.55 42.45

The result of one sample t-test showed that t value was
9.606 higher than the t table (t table = 2.045). Furthermore,
p value was 0.000, lower than 0.05. In short, the students’
scientific literacy will be different if they use SABAR
application. Ethno-pedagogy in science education helps the
students to understand scientific concepts and enhance
their problem solving skill [15]. Ethno-pedagogy also helps
the students to learn more easily since it is suitable with
their cultural background [38]. Likewise, the use of mobile
technology helps teachers to implement a good way of
teaching to enhance the students’ HOTS [39,40]. The result
of one sample T-test can be seen on table 4.

3.5. Final Revision

The last stage was the final revision. The inputs from the
teachers' and students were used as the final revision
material. The applications have also been uploaded in Play
Store, with the name after the application name.

4. Conclusions

‘SABAR’ application is an aid in learning science for
elementary school students which integrates science
contents, Satua Bali (Balinese folklore), and Augmented
Reality. This aid has two components, namely marker book
and Android based application. Marker book contains 2D
pictures of Satua Bali, QRC marker, and assignments for
students which give chance to parents to be involved. The
application can be installed in Android based mobile
phones. If the camera scanner is activated, it will display
3D objects with narration audio related to the science
topics, Satua Bali’ contents, moral values, and issues in the
communities. Based on Aiken’s validity index, the product
has a high validity value. The practitioners’ response
showed that the technology is easy to use, interesting,
complete in its presentation, clear, and easy to understand.
Moreover, the teachers’ comments were like the
Practitioners’ about the product feasibility. Based on the

students’ review, as users, SABAR application is easy to
use, complete, clear, easy to understand the content, and
helpful in learning. Based on one sample t-test analysis, the
t value was 9.606 higher than the t table (t table = 2.045).
Furthermore, p value was 0.000, lower than 0.05. This
means that the students’ scientific literacy would be
different if they had used ‘SABAR’ application. On the
other hand, an effectiveness testing of ‘SABAR’
application for enhancing students’ scientific literacy
achievements in larger population has not yet been done.
So has not the effectiveness testing of the application for
enhancing other 21% century skills. These limitations
become critical issues for further research. It is hoped that
policy makers can encourage and financially support
research that is related to the topic of integration of local
culture, science contents and educational technology.
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