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Abstract—This Currently, technology-based learning media is needed to
attract students’ learning interest. Augmented Reality and Hologram, both tech-
nologies are able to answer these problem. In addition, the Ludo Game can also
increase the student’s learning interest when applied as a learning media. This
study aims to: developing a learning media based on Augmented Reality, Holo-
gram, and Ludo Game on the topic of molecular shapes, as well as knowing the
feasibility of this learning media. Research and Development (R&D) is used as
research methods. The development of media adapted the ADDIE model, which
includes the stage: assessment/analysis, design, development, implementation,
and evaluation. The feasibility of this learning media is based on the results of
product validation as a learning media, material, and small group trials of 17
Senior High School students. The results of study found that the percentage of
product validation results as a learning media is 85,56% (very feasible), material
is 88,00% (very feasible), and small group trials is 87,25% (very feasible). Based
on this, it can be concluded that this learning media is very feasible to be imple-
mented in the study on the topic of molecular shapes.

Keywords—augmented reality, hologram, learning media, ludo game,
molecular shapes

1 Background

Education is one of aspects that determines the future and is given to educate the
nation’s life. The high quality of education can affect the quality of Human Resources
(HR). According to the Cable News Network (CNN) Indonesia data set, the UNESCO
Education Index (2016) stated that the quality of education in Indonesia ranks 108th
in the world (Solihin, 2017). While at the ASEAN level, it was in the 5th position,
which was under Singapore, Brunei Darussalam, Malaysia, and Thailand. The low
quality of education in Indonesia is not only caused by a lack of efficiency, infrastruc-
ture, relevance, and equity of education, the implementation of the 2013 curriculum

70 http://www.i-jim.org


https://doi.org/10.3991/ijim.v16i04.28989
mailto:m.muchson.fmipa@um.ac.id

which is centralized and always undergoing policy changes also triggers sudden
adjustments in the implementation of learning for all subjects in schools, causing less
than optimal learning in the classroom, for example such as learning chemistry material
(Naibaho, 2015).

Chemistry subject matter is still considered a difficult subject by some students. This
is because most of the concepts of learning chemistry are submicroscopic and abstract
which are specifically introduced in Senior High School. One of the submicroscopic
and abstract chemistry materials is molecular shapes. This is evidenced by the many
misconceptions that occured in students according to several studies. Based on research
(Ayni, 2019), most of the students of class X MIPA 3 SMA Negeri 1 Sungai Pinyuh,
Indonesia, still have difficulty determining molecular shapes from several assessment
indicators. This research was conducted with the number of respondents used as many
as 32 students. More than 60% of students still have difficulty in determining the shape
of a molecule because they have not mastered several prerequisite materials in chemi-
cal bonding which include: determining electron configuration, bonding electron pairs,
lone pairs, molecular shapes, and writing VSEPR notation.

The results of Hayati’s research (Hayati, 2020) on 31 students of class X MIPA MAN
3 Banda Aceh about the achievement of students understanding the material of molec-
ular shapes, used the FTMC (Four-Tier Multiple Choice) test sheet instrument, showed
that only 22.32% of students understood the concept, while the remaining 77.68% did
not understood the concept, some even have misconceptions. Most of the reason is that
students have difficulty to understanding the concept of bonding in molecules, so they
cannot to predict and/or determine the molecular shape of a compound. The feeling of
anxiety of students who have difficulty understanding this material is one of the intrin-
sic factors that can cause students’ interest and motivation to decrease (Siregar & Nara,
2014), which has implications for low student learning (Nurdin & Sulastry, 2018).
Therefore, we need an interesting teaching solution using interactive learning media
that supports the material. However, the practice of learning in chemistry, especially
molecular shapes, is limited to the level of verbal explanation and the use of textbooks,
but not visually (Anwar, 2014). Therefore, interactive learning and media are needed
that can facilitate students’ imagination in accepting molecular shapes material (Riku,
2021). One way is to use learning media based on technology and games.

The development of science and technology continues to encourage various reform
efforts for the use of technological results in the learning process (Arsyad, 2014). For
example, Augmented Reality and Hologram technology, are two technologies that
both function to project/display objects in three dimensions with different components
and can be applied to interactive digital products (Carrozzi et al., 2019). Based on
the functions they have, Augmented Reality and holograms have the potential to be
developed into interactive learning media on molecular shapes material that require
three-dimensional visualization (Fitriani, Suhartono, & Mugiarti, 2019). Augmented
reality can make students confirm whether their imaginations are true to the visuals
of molecular shapes that have been imagined before. In addition to these two technol-
ogies, traditional games such as ludo games can also be used as interactive learning
media on the topic of molecular shapes (Yuberti, Sairi, Nanto, & Sholeha, 2020).

Ludo game is a type of game that can to create a sense of fun and entertaining if done
(Kristiani, 2015). Ludo games in learning can also create a fun learning atmosphere
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(Lestari & Iswendi, 2021), and ludo games can increase students’ enthusiasm and moti-
vation in learning because they are unique in the structure of the game (Fadillah, 2019).
Therefore, the ludo game has the potential to be used as a learning media, especially on
molecular shapes material with additional Augmented Reality and Holograms features
as visual support for the material.

Based on the problems in the implementation of the learning of molecular shapes
material above, the solution that can be done is to use learning media based on Aug-
mented Reality, Holograms, and ludo games. Augmented Reality and Hologram features
can help students understand the concept of matter by displaying a three-dimensional
simulation of molecular shapes accompanied by some other information. The Ludo
game feature serves as a medium to help students to increase their curiosity and moti-
vation in learning. If these three features are combined into a complete set of learning
media, it is hoped that the teaching of molecular shapes material can be easily to carried
out and become more easily understood by students.

2 Methods

The method used in this research is Research and Development (R&D). Learning
media based on Augmented Reality (AR), Holograms, and ludo games on molecular
shapes material was developed by adapting the development model according to (Lee
& Owens, 2004), namely the ADDIE learning media design model, which includes
stage of assessment/analysis, design, development, imple mentation, and evaluation
(Agustina Dwi Astuti, Asep Sumarni, & Luhur Saraswati, 2017). The procedure of
media development can be seen in the following flow chart.

I Assesment/Analysis (Penilaian/Analisis)

|
Needs Assesment Front-End Analysis
(Penilaian Kebutuhan) (Analisis Awal-Akhir)
N
/
| Evaluarion (Evaluasi) Design (Perancangan)
7
AN
‘ Implementation | Development | i
(Penerapan) (Pengembangan) Expert Judgment
Fig. 1. Media development procedure flowchart

At assessment/analysis stage, an analysis is carried out to found out the basic prob-
lems of media development and defined the needs in the learning process. After that,
the determination of (1) target media users, namely for Senior High School students/
equivalent, (2) learning objectives and media materials, in this case the selected
material was molecular shapes, and (3) technology and components were needed in
developing this learning media, include: Augmented Reality (AR), Holograms, and
complete components of the ludo game.
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The design of the selected material structure, validation and small gorup testing tools
were carried out at design stage. The material was arranged sequentially starting from
the chemical bond submaterial, then the molecular shapes, and later the material can be
accessed nonlinearly depending on the submaterial you want to study when the media
is used. The validation and small group testing tools were arranged in the form of a five-
level Likert scale questionnaire (Saregar et al., 2019). This questionnaires was filled by
material experts, media experts, teachers, and students.

Media development began with storyboarding. Storyboard is the design of an appli-
cation that is arranged sequentially and is equipped with an explanation of each image,
screen, and text (Andreas, 2013). Storyboard was designed by making the appear-
ance and content of the media according to the objectives that have been formulated
previously. Then created the physical learning media in the form of a ludo game with
the required components. Furthermore, media programming was carried out according
to the storyboard that has been made. The programs used in the development of this
media are: (1) Chemdraw and Chemspider to designed the initial material, (2) Babel
and Meshlab/blender to displayed 3D animation and designed the required features,
and (3) Unity Pro to designed applications that was exported in format final .apk, so
that it can be applied on android.

The learning media that has been developed is then validated and tested in small
groups to determined the level of feasibility of the media. The validation was carried
out by media experts, material experts, and chemistry teachers of SMAN 1 Turen, while
the small group trials was carried out by 17 students of grade 10th SMAN 1 Turen.
The data obtained were analyzed by percentage analysis technique using the following
formula (Asyhari & Silvia, 2016):

P= E x100%
Xi

Description:

P = percentage of eligibility/validity

> x = total score of validator answers

> xi = total number of highest answer scores

To found out the conclusions from the results of the calculation of the average per-
centage above, a range of validation or feasibility criteria was used which refered to the
feasibility criteria below:

Table 1. Scale of feasibility criteria (Riduwan, 2012)

Percentage (%) Criteria
0-20 Highly not feasible/valid
21-40 Not feasible/valid
41-60 Quite feasible/valid
61-80 Feasible/valid
81-100 Highly feasible/valid

The final stage, evaluation was done by reviewing product development at each
stage, analyzing data based on the results of product validation and small group trial,
and revised products based on comments and suggestions given by the validator.
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3 Results and discussion

The final result of the development of learning media based on Augmented Reality,
Hologram, and ludo game on the molecular shapes material for Grade 10th Senior High
School/equivalent students in the physical media of the Ludo board game, and appli-
cation with the final format .apk. The results of physical media namely: pawns, dice,
ludo game board, holographic glass prisms, holographic video set, information cards,
question cards, more information cards, and manual book.

3.1 Physical learning media product

This product is a learning media with a complete set, which contains: dice, pawns,
a ludo game board containing boxes of four different colors. In this learning media,
the number of dice is one, while the pawns is 16 pawns. Ludo board game design was
modified from the usual board game design. The 6x6 grid track was trimmed to a 4x4
grid track. This learning media is in the form of poster paper prints measuring 50cm x
50cm. This print will later be affixed to a chessboard measuring 52cm x 52cm which
has been previously designed and is given an additional magnetic feature.

Fig. 2. Design of media game board

Each home box on the learning media was made in different colors, namely blue,
green, yellow, and red. The four colors are bright colors, which were chosen because
these colors can to increase students’ enthusiasm in learning (Atikah & Alwi, 2019).
While the normal path of the game track what designed in white which indicated the
normal trajectory. The game track which is light green, light blue, light yellow, and pink
is the box to get the question card. The question card was designed with a size of 6cm x
9cm which contained questions related to the material and also includes an answer key.
The following is a sample design of the question cards.

@

PERTANYAAN

LIFE-EDGHAR

QUESTION

Besar sudut ikatan CI-P-Cl
molekul PCI, sebesar

- ANSWER:

O (atas tongal sampin).

120 (samping-tengah-samping)
180" (atas-tengah-bawah)

Fig. 3. Design of questions cards

©

KARTU PERTANYAAN
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This learning media is also equipped with information cards which are designed in
light green color. This green color was chosen because it can balance emotions and
provide hope (Plass et al., 2020), so students can be open to communicating in learning.
On the inside of this card there is the name of the molecule and the molecular shapes
marker that can be scanned using the application, which will display the 3D shape of
the molecule in Augmented Reality. Here is a sample design of the information card:

'8 N

& &

LIFE-EDGHAR

TRIGONAL PIRAM TAHEDRAL

SFe

[AMONIA] {EKSAFLUORIDA ]

KARTU INFORMASI

Fig. 4. Design of information cards

Similar to the question card, the information card was also designed with a size of
6cm x 9cm for easy handling. In addition, there is also a more information card con-
taining a barcode that is directly connected to the media blog when scanned. This card
contains three barcodes, namely the design, the game flow, and the download link for
the learning media application. To display Augmented Reality on information cards
that contain markers, a learning media application is made. This application was cre-
ated with the Unity Pro application, while the 3D object was created with Blender. The
design of more information card can be seen below:
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@ Game Flow @ Draft Design

ORMATION :

ode dengan aplikasi
artphone Anda untuk

Pindai barcode denga
bawaan smartphone £
menemukan info

lanjut tentang LIFE-E

ukan informasi
ang LIFE-EDGHAR

MORE INFORMATION

Fig. 5. Design of more information card

In line with the above, physical learning media was also equipped with a hologram
feature consisting of a 16-second holographic video. This video was created by record-
ing an animation of the molecular shapes obtained from ChemDraw or ChemSpider,
then edited into a four-sided video on one screen. In addition, holographic glass prisms
were also made, as well as manual book of media as a guide for teachers when applying
this learning media.

Fig. 6. (a) Holographic glass prisms, and (b) Hologram display
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e

MANUAL BOOK
LIFE-EDGHAR

LUDO INTERMOLECULAR FORCES EDUCATION GAME
WITH HOLOGRAM AND AUGMENTED REALITY

R

Fig. 7. Manual book

3.2 Application of learning media

This learning media application was exported in .apk format which has a size of
approximately 23 MB. Files can be directly installed and connected with android
devices. On the start page of the application, the first thing that students saw after open-
ing this learning media application was the loading page first when the application was
first loaded. The loading page is intended to provide time for the application to load the
existing content in its entirety. The start page of the application is followed by a splash
screen page with a display according to Figure 8. There was an animated image of
laboratory equipment with a light blue background that shows the identity of the media
and the “Scan the Card” and “Close the App” buttons. This blue color was used as the
basic color because it can to calm the mind and increase student concentration when
opening the application (Atikah Roslan & Alwi Syed Abu Bakar, 2019). In addition,
there is also a logo from the learning media which is red and is circled by the words
LIFE-EDGHAR whose letters are in red, yellow, blue, and green in the form of a circle.
This color selection was chosen to match the color combinations of the game board and
cards on the physical learning media.

Fig. 8. (a) Loading page, and (b) main menu of application
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As for using the developed media application, students can select the “Scan the
Card” button on the splash screen page to be able to scan the barcode/marker on the
information card to see the Augmented Reality display of a certain molecular shape.
When running this application, users can to listen the application’s background music
which aims to make the game atmosphere and the learning process more fun. In addi-
tion, to exit the application, students only need to press the “Close the App” button and
the application will automatically close by itself.

3.3  Game concept of learning media

This learning media can be played by a maximum of four students for one game.
Each game can be accompanied by a teacher. The media game begins with the teacher
opening the class as usual. Then the teacher gives a little description of the rules of
the game and a brief explanation of the material of molecular shapes. Before starting
the lesson, students get a little information about the shape of the molecule through
playing a holographic video that will display a 3D projection in a hologram. Next, the
teacher invites students to play by first dividing students into groups. After that, stu-
dents determine the turn of the game with their respective opponents, then are welcome
to start the game by throwing the dice and will cross the trajectory of the game board
as shown below:

Fig. 9. Game track

Students can to get out of the home box if they get the number 6 dice, after which
they can travel according to the dice numbers obtained. If students stop in the white
box, they are in a safe position and can continue their journey on the next turn. How-
ever, if a student’s pawn stops in a red, green, blue, or yellow box, he/she will get a
question card according to the color of the box. Students are given the opportunity to
answer questions from the question card which read by their opponents. If the student
cannot answer the question or give the wrong answer, then the student’s pawn returns
to its original position (last position before getting the question card), and will not be
able to start the next turn before getting an answer from the question card, whereas
if the student can answer questions, then the position remains in the colored box and
can continue the journey on the next turn. If the student’s pawn stops at the molecule
picture box, the student will get an information card containing additional material in
the form of a molecule in the form of a 3-dimensional display on Augmented Reality
as shown below:
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PCls

JORUS PENTACHLORIDE )

Fig. 10. Augmented reality display

Students take the available information cards, then open the media application, then
open the Play menu and scan the information card. In this way, students get information
as shown in Figure 10 above. The use of information cards that can make players aware
of molecular information aims to later be able to answer questions on the question card.
Then, the student who first collects his four pawns to the center box is the winner of the
game, while the next winner is determined by the order of the player’s speed in collect-
ing his four pawns to the center box.

3.4  Learning model for media implementating in the classroom

This learning media is suitable to be applied in the classroom using the Teams Games
Tournament (TGT) learning model, because there are elements of fun games in learning
(Yunanda et.al, 2018). This learning model was initiated by Robert Slavin, and contains
two main perspectives: motivational and cognitive (Slavin, 1987). In (Shoimin, 2014),
the TGT learning steps are: (1) Class Presentation, (2) Teams, (3) Games, (4) Tourna-
ment, and (5) Team Recognition. In stages 1 and 2, the teacher delivers the material
and divides the students into several groups. The use of this learning media is carried
out at the games and tournament stages, the difference lies in the time and purpose
of use. At the games stage, the media is used as a complement to teaching/materials
as well as being used to collect points that will be used at the tournament stage. The
tournament stage is carried out by students who have the highest points in their group
and will compete with representatives of other groups. At this stage the use of media
is more em phasized to evaluate or test students’ understanding of the material that has
been studied. Later, the team that has the highest points will be the winner and will get
a prize if the points achieved meet the predetermined criteria. This is the importance
of the recognition stage to appreciate the student’s learning process (Kamaruddin &
Yusoff, 2019).
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3.5 Product feasibility as learning media

The feasibility of the product as a learning media was obtained from the results of
filling out a questionnaire which filled out by media experts, namely the Head of the
Indonesian Graphic Design Association (ADGI) chapter Malang and two chemistry
teachers at SMAN 1 Turen. The results of product development validation in terms of
learning media are presented in Table 2 below:

Table 2. Results of validation of development products as learning media

No Indicator Percentage (%) Criteria
1. Overall view of physical media 86.67 Highly feasible/valid
2. Question cards display 81.67 Highly feasible/valid
3. Information cards display 85.00 Highly feasible/valid
4. Application menu display 88.89 Highly feasible/valid
Average Percentage 85.56 Highly feasible/valid

Based on the data above, the average percentage of product validation results as a
learning medium is 85.56%. When compared with the eligibility criteria in Table 1, the
product development as a learning media is included in the very valid criteria and very
feasible to use. The advice given is to enlarge the size of the card and writing and add
information about system requirements on the card package so that users know the min-
imum requirements for device/android specifications to be able to use the application.

3.6  Product feasibility in terms of material

This learning media was also validated in terms of material. The validation of this
material was carried out by a Lecturer of Inorganic Chemistry, State University of
Malang, and two chemistry teachers of SMAN 1 Turen, the following results were
obtained:

Table 3. Results of validation of development products as learning media

No. Indicator Percentage (%) Criteria

1. The suitability of the questions on 93.33 Highly feasible/valid
the question card

2. The conformity of the shape of the 86.67 Highly feasible/valid
molecule on the hologram

3. The suitability of the molecular 86.67 Highly feasible/valid
shape on the application

4. The suitability of the molecular 80.00 Feasible/valid
information on the application

S. Conformity of information on the 93.33 Highly feasible/valid
information card

Average Percentage 88.00 Highly feasible/valid
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Based on the table above, the average results of media validation in terms of material
are 88.00%, which means that this learning media is very valid and very feasible in
terms of material to improve understanding of concepts in students in learning molec-
ular shapes for Grade 10" Senior High School/equivalent students. The suggestions
given are more emphasized in order to add a variety of questions.

3.7  Results of small group trials

Small group trials were conducted using a revised development product based on
comments and suggestions from the validators. The test subjects were 17 students of
Grade 10" MIPA 3 SMAN 1 Turen and got the following results:

Table 4. Results of small group trials

No. Indicator Percentage (%) Criteria
1. Media presentation 88.24 Highly feasible/valid
2. Information clarity 84.31 Highly feasible/valid
3. Use of media and application programs 86.27 Highly feasible/valid
4. Media effectiveness (in students’ perception) 90.29 Highly feasible/valid
Average Percentage 87.25 Highly feasible/valid

The small group trials was carried out obtained an average percentage result of
87.25%, so it can be concluded that this learning media is very valid or very feasi-
ble according to students’ perceptions as potential media users. Of the four criteria
assessed, the effectiveness of the media got the largest percentage, namely 90.29%,
which means that most students feel motivated, happy, interested, and make it easier
for them to learn according to their perceptions while using this media. The comments
given by most of the students emphasized the ease of installing the application and
adding information to the Augmented Reality feature.

4 Conclusion

The components of the learning media based on Augmented Reality, Hologram, and
ludo game on the molecular shapes material include: (1) ludo game board, (2) pawns,
(3) dice, (4) question cards, (5) information cards, (6) more information cards, (7) holo-
graphic glass prisms, (8) holographic videos, (9) manual book, and (10) applications
for displaying 3D Augmented Reality objects. The concept of the media game is almost
the same as the usual ludo game. It’s just that there are colored boxes and molecular
boxes that require players to get question cards and information in the form of Aug-
mented Reality. In addition, material reviews in the form of holograms are also given to
players before starting the game. The average percentage of media validation results as
learning media and in terms of material were 85.56% and 88.00%, respectively. While
the small group trial on 17 students of SMAN 1 Turen got a result of 87.25%, so it can
be concluded that this learning media wass declared very feasible to be implemented.
This can create a more pleasant learning atmosphere and make it easier for students
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to understand molecular shapes. However, the use of this learning media has not been
tested for its effectiveness in learning. Therefore, further research can to examine the
effect of using this media on students’ interest and understanding of concepts in molec-
ular shapes material, such as conducting experiments on the influence of media on
increasing motivation, student learning outcomes using the Teams Games Tournament
(TGT) learning model.
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