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HIGHLIGHTS

o Mobile augmented reality cognitive prayer (Marc-doa) can be used as an alternative media for learning
daily prayers for children

e Marc-doa can complement conventional text-based learning with interactive learning using tangible
cube markers.

e Marc-doa can support learning in both cognitive and psychomotor aspects

ABSTRACT

Marc-doa application is Mobile Augmented Reality cubes used as a learning media for children, focusing
on cognitive and psychomotor learning. The contents of this application are daily prayers for Muslim
children and designed in the form of audio-video animations. The development of the Marc-doa
application uses the Multimedia Development Life Cycle method. This research aims to discuss the design
and evaluation of Marc-doa. Evaluation and technical tests are conducted on several aspects, specifically
on the detection process, distance, angle, and surface area. In addition, the testing process is to identify
the ideal conditions for the use of Marc-doa. From the evaluation and testing process, four markers
showed good results. Only one marker does not show the results as expected. The ideal distance for using
Marc-doa application between 25-40 cm. The angle for ideal reception between 0-30 degrees and the
surface area Marc-doa application can detect markers correctly between 50%-100% surface area. The
ideal distance, surface area, and conditions for utilising Marc-doa application were obtained from this
research.
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INTRODUCTION

Technology has experienced rapid development in the last two decades (Chen, Liu, Cheng, & Huang,
2017), and has contributed to every aspect of life, including education. Technology has changed the way
people learn and gather information. Also, conventional learning processes have become more interesting
with the presence of technology (Kokkalia & Drigas, 2016). As one example, some start-ups combine
technology with education; one of the start-ups is Ruangguru. Ruangguru introduces online learning
services for students from elementary to high school (Techninasia, 2017). By utilising mobile technology,
Ruangguru can create an interactive and fun learning process. Ruangguru can expand access to a good
guality of education in various regions in Indonesia. Local start-ups in the fields of educational
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technology that offer similar services include Kelase (Kelase, 2018), Zenius (Zenius, 2018), and Quipper
(Quipper, 2018).

Based on its purpose, education is not only for developing brain functions but also for developing other
abilities. According to Bloom in Armstrong (Armstrong, 2016), there are three classifications or aspects
in the learning domain, i.e., cognitive, affective and psychomotor aspects. Cognitive aspects include the
field of brain activity, such as thinking, memorising, and evaluating. Affective aspects cover the domain
of behaviour, emotions, and values. While for psychomotor aspects, it is more on skills that focus on
physical activity involving muscles, eyes and hand coordination. The physical activity can be arranging
blocks, playing puzzles, cutting, sticking and colouring.

In this research, a mobile application augmented reality cubes (Marc-doa) was developed as an alternative
learning media by utilising Augmented Reality (AR) technology (Pradibta, 2018). AR is a technology that
combines virtual objects in the form of text, images, and animations into the real world (Azuma, 1997),
(Meni et al., 2018). AR has great potential in attracting, inspiring, and motivating users to explore and
control from a variety of different perspectives (Lee, 2012), (Pradibta, Wijaya, Ronilaya, & Nurhasan,
2018), (Pradibta & Wijaya, 2017).

Marc-doa combines AR with tangible cubes. Marc-doa application refers to the CogArC application
(Boletsis & Mccallum, 2014), (Boletsis & McCallum, 2016a), (Boletsis & McCallum, 2016b), which uses
the interaction of AR-based technology and manipulation of tangible objects. Marc-doa includes the
content of the Muslim daily prayers in the form of video audio animation. The purpose of developing
Marc-doa is to provide an attractive alternative learning media and have the ability to train children's
cognitive and psychomotor aspects.

This research aims to contribute to the field of learning and education by providing alternative learning
media other than textbooks. Together with the physical activity of arranging cubes, users can practice
cognitive and psychomotor skills simultaneously. Furthermore, this research will contribute to the use of
AR with the interaction of physical objects in the form of cubes, design development, and the process of
technical testing perform in the development process.

RELATED WORKS

Many studies have shown that augmented reality technology effectively produces something interesting
and interactive in the learning process. Clark and Dunser (Clark & Dinser, 2012)create books that
combine colouring activities with three dimensional (3D) content. In this research, a colouring book can
display images in 3D, according to the colours given by the user. With the presence of 3D content, users
get other experiences in the learning process. AR in the form of books can help readers interact with the
content contained in the book to be easier to understand the learning material.

Augmented Reality in Medical Education (Kamphuis, Barsom, Schijven, & Christoph, 2014), Kamphuis
discusses educational technology, especially AR technology, which has great potential to support the
learning process of medical education. AR can combine virtual content in the real world, wherein the real-
life contexts cannot always be done due to several limitations. This study discusses three AR applications
that focus on health education, visualising human anatomical structure with AR, Visualising 3D lung
dynamics with AR, and Laparoscopic skills training with AR

Augmenting child reality: Using Educational Tablet Technology (Tanner, Karas, & Schofield, 2014),
Tanner observes the process of teaching and learning with the use of augmented reality. The learning
process using augmented reality has shown the ability of AR to provide clear information and instructions

@ @ @ Copyright© 2021 UiTM Press. This is an open access article under the CC BY-NC-SA
(https://creativecommons.org/licenses/by-nc-sa/4.0//)

65



https://jcrinn.com/
https://creativecommons.org/licenses/by-nc/4.0/

Journal of Computing Research and Innovation (JCRINN) Vol. 6 No. 2 (2021) (pp64-74)
https://jcrinn.com : elSSN: 2600-8793

to students in completing tasks. The learning process here is giving instructions to make a Lego robot in
the form of audio-video animation. A different approach is made by giving instructions in the form of a
manual handbook. The results obtained differences between students who work using manual handbook
compared to using AR animation. Students who work on tasks with AR animation show better results
than students who work with a manual handbook

How do young children engage with mobile apps? Cognitive, Psychomotor, and Affective Perspective
(Noorhidawati, Ghalebandi, & Hajar, 2015), This study emphasises the conditions under which mobile
apps can improve children's understanding of the learning process. Research conducted by Noorhidawati,
indicating that the learning process conditions utilising mobile apps can provide learning experiences in
three aspects of learning domains, cognitive, psychomotor and affective.
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Figure 1: Engagement conditions of children's learning when interacting with mobile apps

The next research is CogARC, A serious game for cognitive training (Boletsis & McCallum, 2016b).
CogARC is a serious game for cognitive training and screening, utilising interaction techniques based on
augmented reality and manipulation of real physical objects in the form of cubes. This app is designed for
the elderly, players with mild cognitive impairment, and healthy adults interested in games and or
cognitive training. The purpose of this application is to alleviate or prevent cognitive decline.

Figure 2: CogARC interaction settings: 10 cubes and a tablet PC on the base stand.

Based on several research papers above, it can be concluded that AR and learning are an exciting
combination in the education area. Students need media that can interest or attract them to learn and play
and provide a learning experience that differs from a conventional learning method. Hence, this research
proposes an application which is combining AR technology and tangible cube marker as an alternative
learning media. As stated earlier in the introduction, this current research referring to the research
conducted by Boletsis, who developed the Cognitive Augmented Reality Cubes (CogARC) application.
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METHODOLOGY

Marc-doa development utilises the Multimedia Development Life Cycle approach, which consists of 6
stages. These stages are concepts, designs, material collecting, assembly, testing, and distribution (Luther,

1994), (Sutopo, 2011), (Sutopo & Pamungkas, 2017).

DISTRIBUTION
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Figure 3: Multimedia Development Life Cycle

Marc-doa is designed to develop cognitive and psychomotor abilities for children. The cognitive aspect of
this application is the knowledge of daily prayers. As for psychomotor abilities, Marc-doa requires users
to construct cube markers. The users have to arrange the cubes marker correctly to display the content.
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Figure 4: Marc-doa framework

FINDINGS AND DISCUSSIONS

Findings and discussions of the research fall into describing five stages from 6 stages in the MDLC
approach (distribution not included). Evaluation just has been conducted for the testing stage during the
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development process. Implementation phases are not performed in this research, and it will be conducted
in future research.

Concept
The main concept of Marc-doa is a learning media that combines AR technology with tangible cubes.

Tangible cubes are used as a marker to display animated video audio content. The markers will be formed
in a puzzle model, and this concept developed as part of increasing user experience with learning media
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Figure 5: Marc-doa Characters
Design

In general, the use of the Marc-doa application is illustrated in Figure 4. In the first step, the user is given
four marker cubes where each cube has 1/4 part of the whole image (Figure 5 dan Figure 6). In the second
step, the user must set 4 random cubes into complete and perfect character images (Figure 5). In the third
step, the user opens the Marc-doa application and directs the camera to the cube arrangement that has
been made. When the cube is arranged to form a perfect image, Marc-doa display animated audio-video
content that matches the marker.
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Figure 6: Marc-doa Cubes

Material Collecting

The material collection is done as part of content creation. Materials needed include daily audio prayer,
Arabic and Latin writing from daily prayers. The materials needed in developing this application were
obtained from several sources on the internet by making several modifications. The Making animated
content using Adobe Photoshop and Adobe After Effects applications

Assembly

The assembly stage is done for the process of developing the Marc-doa application. The final application
is built in the form of an android application (.apk). The development of Marc-doa utilises Unity and
Vuforia application.

AR-Doa
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Figure 7: Marc-doa Application

Testing

The testing process is done using Xioami Redmi 4x smartphone. The first test is distance testing. Distance
testing is done to determine the ideal distance range in the use of Marc-doa. The testing process is shown
in Figure 8 and Figure 9.
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Figure 9: Testing Process of the Marc-doa

Figure 8: Testing Process of the Marc-doa

As can be seen in Figure 7 and Figure 8, the testing scenario is carried out by placing the smartphone on a
tripod. The distance between the tripod and the marker cubes has been adjusted, so the smartphone cannot
detect the marker. Afterwards, the distance changes gradually until the content can appear perfectly.
Distance testing is performed to find the optimal distance for the application to recognise the markers and
indicate their contents. The results are shown in Table 1.

Table 1: Distance Testin

5 10 15 20 25 30 35 40 45
FALSE | FALSE | FALSE | FALSE | TRUE | TRUE | TRUE | TRUE | FALSE
FALSE | FALSE | FALSE | FALSE | TRUE | TRUE | TRUE | TRUE | FALSE
FALSE | FALSE | FALSE | FALSE | TRUE | TRUE | TRUE | TRUE | FALSE
FALSE | FALSE | FALSE | FALSE | TRUE | TRUE | TRUE | TRUE | FALSE
5 FALSE | FALSE | FALSE | FALSE | TRUE | TRUE | TRUE | TRUE | FALSE
*True = animated content can be detected
*False = animated content cannot be detected

BN

The distance test uses a 0-degree angle to the cube marker. The following process is to change the tripod
position. The results showed that Marc-doa could detect markers at an angle of 0-29 degrees. In addition,
testing shows that above 30 degrees, Marc-doa cannot detect the cube marker. The testing process for
detecting the cube marker runs according to the design and concept. Of the five markers, Marc-doa can
detect four markers correctly. One marker cannot display the content according to the design created.
Marker detection does not take long, and the average detection time is between two-three seconds. Area
marker testing is done by replacing one of the cubes, resulting in an incomplete marker image. When
Marc-doa can detect the cube marker and display its contents, the test is assumed to be successful. The
test results are presented in Table 2.
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Table 2: Marker Area Testin

Area

25% 50% 75% 100%
1 FALSE | TRUE | TRUE | TRUE
2 FALSE | TRUE  TRUE | TRUE
3 FALSE | TRUE | TRUE | TRUE
4 FALSE | TRUE @ TRUE | TRUE
5 FALSE | TRUE | TRUE | TRUE

*True = animated content can be detected
*False = animated content cannot be detected

The testing process was carried out according to Marc-doa's requirements. Of the five testing processes,
four tests showed results that were in line with expectations. Only one testing process needs to be
improved. The detection process on the marker shows unsatisfactory results. Marc-doa returns content
that does not match the cube marker. This condition occurs because the markers have a high degree of
similarity (character 4 and character 5) in Figure 10 and Figure 12. Improvements that can be made are to
create a new cube marker design that is different from other markers. The test results are presented in

Table 3.

Figure 10: Character 4 cubes

Figure 11: Content for character 4

Figure 12: Character 5 cubes

Copyright© 2021 UiTM Press. This is an open access article under the CC BY-NC-SA
(https://creativecommons.org/licenses/by-nc-sa/4.0//)

[0Sl



https://jcrinn.com/
https://creativecommons.org/licenses/by-nc/4.0/

Journal of Computing Research and Innovation (JCRINN) Vol. 6 No. 2 (2021) (pp64-74)
https://jcrinn.com : elSSN: 2600-8793

Figure 14: Content for character 5

Table 3: Marker Testing Results
a) [ 0 a)
The marker shows the matched content
The marker shows the matched content
The marker shows the matched content
The marker shows the matched content (Figure 11)
Sometimes display mismatched content (Figure 13 & Figure 14)

g1l W N

CONCLUSION AND RECOMMENDATIONS

Based on the research that has been done, it can be concluded that Marc-doa can work well following the
concepts and designs that have been made. Markers can be detected precisely and can display the
appropriate content. Several problems with marker detection have been identified, and solutions can be
obtained. Marc-doa can support learning in both cognitive and psychomotor aspects. In addition, Marc-
doa can complement conventional text-based learning with interactive learning using tangible cube
markers. The following research is to implement and test to target users, and it is expected to show
positive results. The use of Marc-doa as an alternative medium for cognitive and psychomotor learning
needs further investigation. The focus of the research is the use of Marc-doa for early childhood
education.
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