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Invensi ini berhubungan dengan suatu metode dan sistem simulasi kehidupan binatang berbasis realitas virtual. Invensi ini
menggambarkan metode dan sistem yang memungkinkan pengguna untuk melihat dan mengamati berbagai jenis hewan yang hidup di
lingkungan virtual sesuai dengan habitatnya. Metode ini mencakup tampilan yang dipasang dimata berfungsi sebagai alat untuk melihat
simulasi kehidupan binatang; pengontrol kiri berupa joystik berfungsi untuk menggerakkan kursor pandangan kamera maju dan mundur;
Pengontrol kanan berupa joystik yang berfungsi untuk menggerakkan kursor pandangan camera ke kanan dan kiri; objek binatang
terletak pada layar virtual yang menampilkan binatang tiga dimensi; papan petunjuk jalan terletak pada bagian layar virtual yang
menunjukaan arah ke kanan dan ke kiri. Pada papan petunjuk tersebut terdapat tulisan binatang apa saja yang ada pada lokasi yang
ditunjuk tersebut; tempat hidup binatang terdapat beberapa lokasi habitat binatang; jalan terdapat beberapa cabang jalan yang dilengkapi
penunjuk jalan sebagai jalan utama untuk menuju lokasi binatang; papan informasi terdapat pada bagian pinggir jalan berfungsi sebagai
tempat informasi jenis bintang yang ada pada area hewan tertentu. Sistem dari alat-alat dapat menampilkan lingkungan virtual habitat
binatang yang dilengkapi dengan petunjuk jalan, menampilkan binatang dalam bentuk 3 dimensi, menampilkan teks deskripsi binatang,
dan menampilkan suara yang menjelaskan tentang binatang tersebut.
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Deskri psi

METCDE DAN SI STEM SI MULASI KEHI DUPAN Bl NATANG BERBASI S REALI TAS
VI RTUAL

Bi dang Tekni k | nvensi

I nvensi ini nengenai netode dan sistem sinulasi kehidupan
bi nat ang berbasis realitas virtual, |ebih khusus |agi invensi ini
ber hubungan dengan kegi at an penbel aj aran yang ber hubungan dengan
mel i hat dan nmengamati bentuk, ciri khusus, dan perilaku binatang
pada suatu |ingkungan atau habitat virtual yang di buat nenyerupai

habi t at pada |ingkungan yang sebenar nya.

Lat ar Bel akang | nvensi

Invensi ini telah dikenal untuk menggunakan teknol ogi
realitas virtual dalam penbelajaran dengan berbagai situasi
bel aj ar dan untuk berbagai tujuan atau konpetensi penbel ajaran
I nvensi ini bertujuan untuk nenberi kan pengal aman interaktif yang
nmendal am kepada pengguna, nmermungki nkan nereka untuk nmenmaham
| i ngkungan bi natang secara holistik, nmengamati perilaku bi natang
secara | angsung, dan neni ngkat kan kemanpuan berpi kir kritis mereka
nmel al ui penerapan tekni k hi potetika-deduktif.

I nvensi teknol ogi dengan VR dengan tujuan terapi juga telah
di ungkapkan sebagai mana terdapat pada paten (US Patent) Nonor US-
20230290479- A1 dengan judul Virtual Reality Therapy System and
Met hods of Making and Using Sane dimana diungkapkan invensi
tersebut berkaitan dengan penggunaan VR disertai headset dan
beber apa sensor dapat nenjadi terapi. Headset di pasang pada pasien
yang akan diberi terapi tertentu. Selanjutnya |ingkungan virtual
di nyal akan untuk nengajak pasien nelakukan aktivitas. Ketika
pasi en nel akukan aktivitas, sensor tertentu akan nerespon dengan
menberi kan data untuk tindakan |anjutan pada |ingkungan virtual.
Dat abase yang ada pada si stem nmenberi kan pel uang pada terapi untuk
pasi en. Namun invensi tersebut nmasih terdapat kekurangan yaitu
hanya ber| aku pada |ingkungaan virtual untuk aktivitas manusi a.
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I nvensi | ainnya sebagaimana diungkapkan pada paten (US
Patent) Nonor US-20230215283-A1 dengan judul Machine Learning-
Based Educational Content Adaptation Based on User Personal
Characteristics dinmana diungkapkan invensi tersebut berkaitan
dengan netode untuk nenyediakan materi pelajaran yang sesua
dengan karakteristik personal dengan nenggunakan nmachi ne | ear ni ng.
Namun dem kian invensi yang tersebut diatas nmasih nenpunyai
ket erbatasan yang antara lain adalah invensi tersebut hanya
menyedi akan materi pelajaran dan belum sanpai pada pencapaian
ki nerja penbel aj ar an.

| nvensi | ai nnya  sebagai mana  di ungkapkan pada pat en
(I ndonesi an Patent) Nonor |DS000006276 dengan judul Sistem
Pengal i han Rasa Takut Saat Peneriksaan G gi Berbasis Virtual
Reality dimana diungkapkan invensi tersebut berkaitan dengan
apli kasi VR untuk nenbantu nengatasi rasa takut dan kecemasan
pasien selama peneriksaan gigi. Invensi ini nmengintegrasikan
beber apa konponen penting untuk menci ptakan pengal aman yang | ebi h
nyaman bagi pasien, seperti tenpat untuk nenenpatkan ponsel
pintar, tontonan VR yang akan digunakan sel ama perawatan gi gi
audi o yang nenyedi akan suara yang nenenangkan atau nusik yang
menbant u nengurangi ket egangan pasien. Nanun invensi tersebut
masi h t erdapat kekurangan yaitu i nvensi tersebut nmasi h nenggunakan
ponsel cerdas yang tingkat keterlibatan pengguna masih kurang,
tidak ada aktivitas lain bagi pengguna selain nelihat dan
mendengar .

Sel anjutnya invensi yang diajukan ini dinmksudkan untuk
mengat asi  permasal ahan yang di kenukakan diatas dengan cara
menggunakan headset dan |ingkungan virtual dengan mul ti nedi a.

Urai an Si ngkat | nvensi
Tujuan wutama dari invensi ini adalah untuk nengatasi
per masal ahan yang telah ada sebelumya khususnya penggunaan VR
dal am penbel aj ar an unt uk peni ngkat an ket eranpil an berpi kir kritis.
Per wij udan dari invensi ini adal ah nmetode dan si stemsi nul asi

kehi dupan bi natang berbasis realitas virtual terdiri dari: Headset
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virtual reality berfungsi sebagai alat untuk nelihat sinmulasi
kehi dupan bi nat ang; pengontrol kiri berupa joystik berfungsi untuk
mengger akkan kursor pandangan kanmera maju dan nundur; Pengontrol
kanan berupa joystik yang berfungsi wuntuk nenggerakkan Kkursor
pandangan canera ke kanan dan kiri; objek binatang terletak pada
| ayar virtual yang nenanpilkan binatang tiga dinensi; papan
petunjuk jalan terl etak pada bagi an | ayar virtual yang nmenunj ukkan
arah ke kanan dan ke kiri. Pada papan petunjuk tersebut terdapat
tulisan binatang apa saja yang ada pada |okasi yang ditunjuk
tersebut; tenpat hidup binatang terdapat beberapa | okasi habitat
bi natang; jalan terdapat jalan yang bercabang yang dil engkapi
dengan penunjuk jalan sebagai jalan utama untuk nenuju | okasi
bi nat ang; papan informasi terdapat pada bagian pinggir jalan
berfungsi sebagai tenpat informasi jenis bintang yang ada pada
area hewan tertentu; isi papan infornmasi terdapat pada papan
i nformasi berfungsi untuk papan penjelasan yang |ebih detai
nmengenai deskripsi hewan pada area tertentu; nmenu utama terletak
pada bagi an depan |ayar virtual berfungsi untuk nmemlih aplikasi
habitat binatang; dicirikan dimna, objek binatang pada |ayar
virtual berupa binatang tiga dinensi vyang dilengkapi dengan
i nformasi | engkap nengenai bi natang tersebut, objek binatang juga
di | engkapi dengan ciri-ciri fisik yang nyata sesuai dengan
bi nat ang aslinya seperti, warna binatang dan suara bi natang.

Tujuan lain dari invensi ini adal ah neni ngkat kan ketertarikan
bel aj ar dengan | ebi h dekat dengan hewan jinak maupun buas tanpa
harus nendekati hewan asli secara | angsung.

Tujuan dan manfaat-nmanfaat yang lain serta pengertian yang
| ebih | engkap dari invensi berikut ini sebagai perwijudan yang
| ebi h di sukai dan akan dijel askan dengan nengacu pada ganbar -
ganbar yang nenyert ai nya.

Urai an Si ngkat Ganbar
Ganbar 1 adal ah tanpak perspektif sinmulasi kehi dupan bi nat ang

berbasis realitas virtual
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Ganbar 2 adal ah diagram alir sinulasi kehidupan binatang
berbasis realitas virtual

Urai an Lengkap | nvensi

Invensi ini akan secara |engkap diurai kan dengan nengacu
kepada ganbar-ganbar yang nenyertainya. Mengacu pada Ganbar 1,
yang nenperli hat kan netode sinul asi kehi dupan bi natang berbasis
virtual reality terdiri dari: Headset VR, pengontrol kiri,
pengontrol kanan, dan aplikasi simulasi kehidupan binatang
berbasis virtual reality.

Mengacu pada ganbar 1 yang nmenunj ukkan ber bagai aktivitas dan
fitur yang ada untuk observasi |ingkungan virtual. Untuk dapat
nmel akukan observasi |ingkungan virtual, siswa sebagai pengguna
mengenakan headset VR (1) dan nmenganbil|l pengontrol VR untuk tangan
kiri (2) dan pengontrol VR untuk tangan kanan (3). Setel ah headset
VR (1) dinyal akan, pengguna akan nmemasuki |ingkungan virtual yang
beri si berbagai objek binatang (4), papan petunjuk jalan (5), |ahan
tenpat hi dup binatang (6), dan jalan (7) untuk nmenel usuri berbagai
habi t at bi nat ang.

Pengguna dapat nel akukan observasi |ingkungan virtual yang
mengganbar kan kehi dupan bi natang di habitatnya. Selama di dal am
I i ngkungan tersebut, pengguna dapat nenelusuri berbagai objek
bi natang (4) baik di hutan tropis, gurun, pegunungan, dan kut ub.
Pergeralan maju dan nmundur kanmera pengguna dapat dil akukan
menggunakan pengontrol di tangan kanan(3). Penelusuran dapat
di | akukan dengan nengi kuti papan petunjuk jalan (5) pada jalan (7)
yang telah tersedia. Pengguna dapat berjalan ke depan, berputar
dengan nmengger akkan joysti ck yang ada pada pengontrol VR di tangan
kiri (2). Selain itu pengguna juga dapat nemnmutar badannya untuk
mel i hat sekelilingnya. bjek binatang (4) dapat didekati dengan
maj u ke depan dengan cara nenggerakkan joystick yang ada pada
pengontrol VR di tangan kanan (3). Setelah didekati pada jarak
tertentu, objek binatang (4) akan nengeluarkan suara binatang
sesuai suara aslinya. Selanma pengguna pada jarak tersebut, suara

bi natang tersebut akan terus terdengar. Suara ini keluar dari
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headset VR (1). Selain itu, pada setiap tenpat dimna objek
bi nat ang (4) berada, pada | ahan tenpat hidup binatang (6) tersedia
papan nama binatang (8) dan tonbol aktivasi (9). Papan nana
bi nat ang nenul i skan nama dari objek binatang (4). Tonbol aktivasi
(9) Dberfungsi untuk nenuncul kan |ayar penjelasan ciri-ciri
bi natang (10). Untuk nengaktifkannya, pengguna dapat nenekan
pengontrol VR untuk tangan kanan (3). Ketika pengontrol VR untuk
tangan kanan (3) ditekan nmaka sinar warna biru akan keluar dan
harus di arahkan pada tonbol aktivasi (9) dan muncul |ayar
penjelasan ciri-ciri binatang (10).

Mengacu pada ganbar 2, diagram alir sinulasi kehidupan
bi natang berbasis virtual reality. Metode sinulasi kehidupan
bi natang berbasis virtual reliaty terdiri dari : menmasuki
I i ngkungan virtual yang dil akukan dengan nenggunakan headset VR
Menel usuri |ingkungan virtual dengan bergerak ke kiri atau ke kanan
sesaui petunjuk arah nenggunakan pengontrol kiri dan nenenukan
| okasi suatu binatang; Menganati binatang pada | okasi tersebut
menggunakan |ayar; Melihat nana binatang nelalui papan nana
bi nat ang yang ada pada | okasi nel al ui headset VR, nenanpil kan t eks
penj el asan nengenai bi nat ang dan nmendengar kan penj el asan deskri psi
bi nat ang.

Meski pun inti invensi telah diganbarkan dalam bahasa yang
khusus untuk fitur-fitur struktural dan/atau aksi-aksi netodol ogi,
perlu di paham bahwa pokok persoal an dalam klaimklaimterlanpir
tidak perlu terbatas pada fitur-fitur atau aksi-aksi khusus yang
di ganbar kan di atas. Nanmun, fitur-fitur dan aksi-aksi khusus yang
di ganbarkan di atas di ungkapkan sebagai bentuk-bentuk contoh
unt uk mengi npl enent asi kan kl ai m kl ai mya.

Uraian di atas tersebut dari invensi ini telah disediakan
untuk tujuan ilustrasi. Perlu dipaham oleh orang yang ahli di
bi dang tekni k ini di mana invensi ini bisa nmudah di wuj udkan dal am
banyak bent uk yang berbeda tanpa kel uar dari ide teknis atau fitur-
fitur penting darinya. Jadi, perwjudan yang dinyatakan di sini
perlu dipertinbangkan dal am pengertian deskripsi saja dan bukan
unt uk tujuan penbat asan.
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1. Metode sinmul asi kehi dupan bi nat ang berbasis realitas virtual

terdiri dari:

Tanpi l an yang dipasang di mata (1) berfungsi sebagai al at
untuk neli hat sinmulasi kehi dupan bi nat ang;

Pengontrol kiri (2) berfungsi untuk menggerakkan kursor pada
| ayar virtual bergerak maju dan mundur;

Pengontrol kanan (3) berfungsi untuk nenggerakkan untuk
kursor pada layar virtual ke kanan dan ke Kkiri;

objek binatang (4) terletak pada layar virtual yang
menanpi | kan bi natang tiga di nensi;

papan petunjuk jalan (5) terletak pada bagian |ayar virtual
yang nmenunj uk dan nengar ahkan pengguna unt uk nmenuj u ke | okasi suatu
bi nat ang;

| okasi tenpat hidup binatang (6) terdapat beberapa | okasi
habi tat binatang yang disesuai kan dengan karakteristik habitat
bi nat ang pada |i ngkungan sebenarnya;

jalan (7) terdapat jalan yang bercabang yang dil engkap
penunjuk jalan (5) sebagai jalan wutama untuk nenuju | okasi
bi nat ang;

papan informasi (8) terdapat pada bagian pinggir jalan (7)
berfungsi sebagai tenpat informasi jenis bintang yang ada pada
area tertentu;

isi papan informasi (9) terdapat pada papan informasi (8)
berfungsi untuk papan penjelasan yang |lebih detail nengenai
deskri psi hewan pada area tertentu;

menu utama (10) terletak pada bagian depan |ayar virtual
berfungsi untuk nmem |ih aplikasi habitat binatang;

obj ek binatang (4) pada l|ayar virtual berupa binatang tiga
di mensi yang di |l engkapi dengan i nformasi | engkap nengenai bi natang
tersebut, objek binatang juga dil engkapi dengan ciri-ciri fisik
yang nyata sesuai dengan bi natang aslinya seperti, warna bi natang
dan suara bi nat ang.

2. Met ode simul asi kehi dupan bi natang berbasis realitas virtual

menurut klaim 1, dimna pengguna dapat nenelusuri ruang
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simulasi virtual, nelihat dan nengamati bi nat ang- bi nat ang
yang ada di |ingkungan virtual.

. Metode simul asi kehi dupan binatang berbasis realitas
virtual, dimna sistem dari alat-alat dapat nenanpilkan
I i ngkungan virtual habitat binatang yang dil engkapi dengan
pet unj uk jal an, nmenanpil kan bi nat ang dal am bent uk 3 di nensi,
menanpi | kan teks deskripsi binatang, dan nenanpil kan suara
yang nenj el askan tentang bi natang tersebut.
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Abstrak

METCDE DAN SI STEM SI MULASI KEH DUPAN Bl NATANG BERBASI S REALI TAS

VI RTUAL
Invensi ini berhubungan dengan suatu netode dan sistem
si mul asi kehi dupan bi natang berbasis realitas virtual. Invensi ini

mengganbar kan net ode dan sistem yang nmenungki nkan pengguna unt uk
mel i hat dan nengamati berbagai jenis hewan yang hi dup di |ingkungan
virtual sesuai dengan habitatnya. Metode ini nencakup tanpilan
yang di pasang di mat a berfungsi sebagai al at untuk nelihat simul asi
kehi dupan bi nat ang; pengontrol kiri berupa joystik berfungsi untuk
nmengger akkan kursor pandangan kanera maju dan mundur; Pengontrol
kanan berupa joystik yang berfungsi untuk nenggerakkan kursor
pandangan canera ke kanan dan kiri; objek binatang terletak pada
| ayar virtual yang nenanpilkan binatang tiga dinensi; papan
petunjuk jalan terl etak pada bagi an | ayar virtual yang nmenunj ukaan
arah ke kanan dan ke kiri. Pada papan petunjuk tersebut terdapat
tulisan binatang apa saja yang ada pada |okasi yang ditunjuk
tersebut; tenpat hidup binatang terdapat beberapa | okasi habitat
bi nat ang; jalan terdapat beberapa cabang jalan yang dil engkapi
penunj uk jal an sebagai jalan utama untuk nenuju | okasi binatang;
papan informasi terdapat pada bagian pinggir jalan berfungsi
sebagai tenpat informasi jenis bintang yang ada pada area hewan
tertentu. Sistem dari alat-alat dapat nenanpilkan |ingkungan
virtual habitat binatang yang dil engkapi dengan petunjuk jalan,
menanpi | kan bi natang dalam bentuk 3 dinensi, nmenanpilkan teks
deskri psi bi natang, dan nenanpil kan suara yang nenj el askan tent ang
bi nat ang t ersebut.
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GAMBAR 2

Memasuki lingkungan virtual

}

Menelusuri lingkungan virtual dengan bergerak ke kiri atau ke kanan sesaui petunjuk arah
menggunakan dan menemukan lokas suatu binatang

v

Mengamati binatang pada lokasi tersebut menggunakan layar pada headset VR

:

Melihat nama binatang melalui papan nama binatang yang ada pada |lokasi

:

M enampilkan teks penjelasan mengenai binatang dan mendengarkan penjelasan deskrips
binatang
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FOREWORD

We praise and thank God for the presence of Almighty God
because of His abundance of Grace and Grace so that the
book “Virtual Reality In Education: Designing Immersive and
Innovative Learning Experiences” can be prepared smoothly and
on time. This book has been prepared systematically so that
elementary school teachers can understand technology-based
learning models and to improve students' critical thinking
skills. This book contains types of learning models, types of
learning media, virtual reality, and student HOTS. Finally,
our thanks and appreciation go to:

1. Ministry of Education and Culture, Research and
Technology, which has funded the creation of a book on
Virtual Reality In Education: Designing Immersive and
Innovative Learning Experiences

2. All parties who helped in compiling this guidebook.

Future improvements and changes to this guidebook are
always open and possible considering ongoing developments
in the situation, policies and regulations. The compiler
realizes that this book is still very far from perfection, both in
terms of the form of preparation and the material. The
authors really hope for suggestions from readers for further
improvement of this book. Finally, I hope this book can
provide benefits to elementary school teachers.

Yogyakarta, November 2023

Compiler
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CHAPTER 1
INTRODUCTION

11. Interactive learning and VR as innovative learning
tools

Interactive learning is a learning approach that gives
students active opportunities to be involved in the teaching
and learning process. In interactive learning, students are not
only recipients of information, but also actively participate in
exploration, problem solving, and collaboration (Kim, 2006).
This learning method can increase student engagement,
motivate them to learn, and help strengthen understanding of
the concepts being taught. Virtual Reality (VR) is a
technology that allows users to feel and interact with an
artificial environment that looks and sounds real through the
use of a VR headset. VR has been widely applied in various
fields, including education. The use of VR in learning offers
an innovative and engaging approach to providing students
with a more immersive and engaging learning experience
(Johnston et al., 2018). Here are some reasons why
interactive learning and the introduction of VR as an
innovative learning tool are important.

1.2. Increase Student Engagement and Motivation

By enabling students to interact directly with learning
content through immersive VR experiences, learning
becomes more engaging and engaging (Lartigue et al., 2014).
In a VR environment, students can actively engage with
realistically replicated objects, environments, or situations.
They can explore, observe, experiment, or interact in ways



that are not possible in conventional learning. Students'
confidence in learning materials can be increased because
they can see and feel concepts or phenomena directly (C. K.
Lee & Shea, 2020). For example, in science lessons, students
may conduct virtual experiments in a laboratory or explore
different natural environments to study biodiversity. In
history lessons, they can visit historical sites and experience
important moments in historical events. Immersion in a VR
environment can also trigger students' emotions, such as
curiosity, awe, or excitement, which can increase their
motivation to learn more deeply (Sanderink, 2018). They feel
personally involved in the learning process, because they
have control over their experiences and can explore
according to their interests and wishes. In addition, the use of
VR can also increase student involvement through its
interactive aspects. Students can actively participate in
simulations or activities in a virtual environment, make
decisions, solve problems, or collaborate with fellow students
(Wu et al., 2021). This encourages their critical thinking,
creativity, and problem solving skills. Overall, the use of VR
in learning creates a more engaging and engaging experience
for students. They feel more involved in the learning process
and feel the use of learning materials in real contexts.
Students' motivation increases because they see the value and
relevance of learning in their daily lives. Thus, the use of VR
can increase the effectiveness of learning and encourage
students to learn deeper and more actively.



1.3. Deeper Understanding of Concepts

Through the use of VR, students can experience
abstract or difficult-to-understand concepts firsthand. The 3D
environment generated by VR allows students to explore a
virtual created world and visualize concepts that previously
existed only in text or static images (Sanchez et al., 2000). In
a VR environment, students can observe objects or
phenomena on a more real scale. They can see objects or
objects from different points of view, approach or move away
from them, or zoom in and out of them (Wu et al., 2021).
The ability to see and manipulate objects interactively
provides a better understanding of the characteristics and
relationships between these objects. In addition, interactive
simulations in VR allow students to carry out experiments or
explorations in a safe and controlled context. For example, in
the field of physics, students can do simulation experiments
where they can change certain variables and see the effect in
real time. This helps them understand physics concepts in a
practical and intuitive way. By experiencing concepts in a VR
environment, students can gain a deeper understanding and
reinforce the concepts being taught. They can see and feel the
real application of the concept, making it easier for them to
relate theory to practical experience. It also helps students
overcome difficulties in understanding abstract concepts,
because they can see them visually and interact with them
directly. Overall, the use of VR in learning allows students to
experience concepts firsthand, visualize them in 3D
environments, and carry out interactive simulations. This
helps them gain a deeper understanding, reinforce concepts,
and relate them to practical experience. As such, VR
becomes an invaluable tool in enhancing student learning in
areas that are difficult to understand conventionally.
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Figure 1. Extended Reality

1.4. Experience Based Learning

VR allows students to learn through hands-on
experience, which can improve their information retention
and understanding. In a VR environment, students can be
actively involved and participate in simulations, experiments
or real-world situations that are difficult to access in
conventional learning. In a VR simulation, students can enter
a virtually replicated environment, such as a laboratory,
space chamber or animal habitat. They can see the object,
environment, or phenomenon being studied in real terms,
and even feel the sensation of being physically there. This
allows students to gain immersive and immersive hands-on
experience (Arini, 2023). In addition, students can participate
in virtual experiments where they can change variables and
see firsthand their impact on the outcome or event being
studied. They can make observations and analyze the
situation, and gain a stronger understanding of cause- and-
effect relationships. In the context of learning history or
culture, VR can take students to historical or cultural places
that are far away or difficult to physically access. They can
explore the pyramids of ancient Egypt, walk through
historical cities or experience important historical events
(Youngblut, 1998). This gives students an immersive visual
experience and helps them understand the historical or
cultural context better. Through interaction with the



environment that is represented virtually, students can see,
feel and interact with objects, characters or the environment
in ways that are not possible in conventional learning. They
can gain deeper experience and more active involvement in
the learning process. Overall, the use of VR in learning
allows students to learn through immersive hands-on
experience. They can participate in simulations, experiments
or real-world situations that are difficult to access in
conventional learning. Seeing, feeling, and interacting with a
virtually represented environment helps students gain a better
understanding and increases information retention.

15. Collaboration and Communication

VR also allows students to collaborate in the same
virtual space. In a VR environment, students can interact
with fellow students or teachers in real-time, even if they are
in physically different locations. They can communicate,
share knowledge, and work together to complete tasks or
solve complex problems. The ability to collaborate in VR
takes the learning experience to another level. Students can
have discussions, share ideas, or provide feedback to one
another through their virtual avatars (Suri et al., 2023). This
opens up space for multiple perspectives and approaches to
solving problems, as well as enhancing students'
communication and teamwork skills. In addition,
collaboration in virtual spaces prepares students for life and
work in an increasingly connected world. In today's work
environment, working virtually with colleagues from
multiple geographic locations is becoming increasingly
common. By collaborating in VR, students can develop
important teamwork, communication, and project



management skills in a digitally connected environment.
Collaboration in virtual spaces also allows students to benefit
from expertise or knowledge shared by others around the
world. They can connect with experts or specialists in a
particular field, participate in collaborative discussions or
projects, and expand their social network. This opens up new
opportunities for

Cross-cultural learning, knowledge exchange, and joint
problem solving. Overall, the ability to collaborate in virtual
spaces brings significant advantages in learning. Students can
interact, share knowledge, and cooperate with fellow
students or teachers in a virtually represented environment. It
strengthens students' communication and teamwork skills,
and prepares them for life and work in a world that is
increasingly connected and dependent on collaboration.

1.6. Enrichment of Learning Experiences

Experiences delivered through VR can provide
opportunities that are not possible in traditional learning
contexts. VR allows students to visit historic sites, explore
natural environments, or dive into the underwater world in a
way they have never done before. In history lessons, for
example, students may experience travel through time and
space, visiting historical places that may be difficult or
expensive to physically access. They can walk through
ancient ruins, interact with historical characters, or witness
key moments within history (Cao & Feng, 2019). These
experiences enrich students' understanding of the historical
context and help them connect more deeply to the subject
matter. In science, VR allows students to explore underwater
worlds, see rare animals in their natural habitat, or study



complex ecosystems. Students can virtually interact with sea
creatures, study their behavior, or even see the effects of
climate change on coral reefs. This experience broadens
students' horizons about biodiversity and the environmental
challenges facing our planet. In addition, VR also allows
students to dive into complex and abstract disciplines, such
as physics or mathematics. In a VR environment, they can
visualize complex concepts, interact with three-dimensional
models, or run simulation experiments. This helps students
develop a deeper and intuitive understanding of the concepts.
The experiences presented through VR open up new insights
for students. They can gain real experience that was
previously not possible in conventional learning contexts.
This enriches their learning, sparks interest and builds strong
curiosity. As such, VR becomes an invaluable tool in
providing opportunities that broaden students' understanding
and take learning to a more immersive and enjoyable level.
Interactive learning and the introduction of VR as an
innovative learning tool bring many benefits and potential to
change the way we learn and teach. By making good use of
VR technology, education can be more interesting, relevant,
and provide a better learning experience for students.

1.7. A brief history of the development of VR and its
impact on education

The history of the development of Virtual Reality (VR)
began in the 1960s, when several scientists and researchers
began to develop the basic concepts and technologies that
became the basis of modern VR. The following is an
overview of the history of VR development and its impact on
education:



The Beginning: In the 1960s, researchers such as Ivan
Sutherland and Myron Krueger began developing the
technology that became the basis of VR. Ivan
Sutherland created "The Sword of Damocles", which is
considered the first VR system. At the same time,
Myron Krueger developed "Videoplace", an interactive
space that allows users to interact with virtual objects.
Early Developments: In the 1980s and 1990s, VR saw
further advancements. In 1989, Jaron Lanier coined the
term "Virtual Reality" and founded the first VR
company, VPL Research. More sophisticated VR
systems were developed, including the development of
VR headsets, motion sensors and other means of
interaction. However, VR technology at that time was
still limited and expensive, so it was not widely used in
education.

Application in Education: In the 2000s, VR began to be
applied in education. Educational institutions and
software developers are leveraging VR technology to
create more interactive and immersive learning
experiences. VR applications in learning include
scientific simulations, virtual tours, practical skills
training, and customized learning environment
experiences.

Decreasing Costs and Increasing Availability: In recent
years, VR has become more affordable and accessible.
The  development of  smartphone-based VR
technologies, such as Google Cardboard and Samsung
Gear VR, has made VR use more affordable and easier
to implement in educational settings. Major companies
such as Oculus Rift and HTC Vive have also released
high-end VR headsets that provide a more immersive
VR experience.



5. Benefits in Learning: The use of VR in education has
had a significant positive impact. VR allows students to
experience and explore environments and concepts that
are difficult to access in person. For example, students
can visit distant historical sites, explore the galaxy or
conduct scientific experiments in a virtual environment.
This experience increases students' understanding,
engagement, and motivation in learning.

6. Future Developments: VR continues to experience
development and innovation in the future. New
technologies such as augmented reality (AR) and mixed
reality (MR) have integrated elements of the real world
with the virtual world, opening up new opportunities in
learning. With further development, VR could become
an important part of future education, changing the
way we learn and teach.

The use of VR in education has had a significant impact
on improving student learning experiences. As technology
continues to evolve, VR can bring about greater changes in
education, helping students learn interactively, broaden their
horizons, and prepare them for the demands of an
increasingly advanced world.

1.8. Theoretical Framework: VR for Enhanced Learning

The use of virtual reality (VR) in science classes has the
potential to enhance student learning by bridging deep
knowledge learning community with science instruction.
When virtual environments reflect students' culture, it has the
potential to influence their attitudes



towards the value of science in their communities (Bae,
2023). As virtual reality (VR) becomes more affordable,
educational institutions are starting to integrate this
technology into their curricula. Additionally, the increasing
power of personal computers and supporting hardware has
resulted in a revolution in graphic clarity, with increasingly
complex simulations and realistic virtual worlds (Slater
2018). As Dickey (2005) notes, this has challenged and
expanded the basic notion of what constitutes a learning
environment. While previously limited to classroom
instruction or field trips, VR's built-in capacity to give users a
sense of presence and immersion has opened up new
opportunities in education when done right (Hafner et al.
2018). The use of technology-assisted education approaches
i1s not a new occurrence, and research into their effectiveness
has been underway for about half a century. Ellinger and
Frankland (1976) found that the early use of computers to
teach economic principles provided learning outcomes
comparable to traditional didactic approaches such as
lectures in the 1970s. However, as Jensen and Konradsen
(2018) point out, VR is new to HMD-based VR since the
advent of the Oculus Rift in 2013. This has several
consequences. Additionally, VR has enabled students to
enhance cognitive skills through experiential learning, such
as being exposed to settings that would be logistically
difficult to visit in reality (Aliskan, 2011). For example,
Bailenson et al. (2018) used HMD to immerse students in
underwater settings to enhance learning about climate
change. VR has made important contributions to education
by enabling students to directly experience locations or
scenarios that would be impossible to replicate using
traditional teaching techniques such as lectures, image
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presentations or 2D films. Due to the ever-changing nature of
technology, it is difficult to provide a concise description of
the fundamental properties of VR. However, Sherman and
Craig (2003) stated "There are several important factors that
must underlie a VR experience, which ultimately results in a
virtual environment sensation similar to real life." This
includes the need for immersive VR, Where participants'
cognitive skills provide the sensation of being there and
participating in a virtual world, often with limited awareness
of what is going on around them in the real world. In
addition, the virtual space must be interactive in the sense
that the user can change the environment and test variables.
Interacting with objects, virtual avatars, or even working
with other real-life users in computer-generated areas is one
example.
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CHAPTER 2.
VR FUNDAMENTALS IN LEARNING

2.1. Basic definitions and concepts about VR

Virtual Reality (VR) is a technology that creates

interactive and immersive experiences that mimic real or
digitally created environments. In VR, users can experience
and interact with the virtual world through the use of devices
such as VR headsets, motion sensors and controllers. Some
of the basic concepts related to VR are described below

2.1.1. Immersion

12

Immersion is an important concept in Virtual
Reality (VR). This refers to an experience in which the
user feels fully involved in the virtual environment
created by VR technology. The main goal of VR is to
create an immersive experience that provides real
sensations and removes the user's awareness of the real
world around them (Calvert & Abadia, 2020). Through
the use of a VR headset that includes sight and hearing,
users can feel as if they are in a virtual world.
Stereoscopic vision and 360-degree view allow users to
see and explore the environment in an immersive and
realistic way. Meanwhile, spatial sound and 3D audio
provide an immersive audio experience, allowing users
to feel the immediacy and direction of sound in a
virtual environment. In addition, VR can also use
additional features such as vibrating devices or haptic
devices to give the user physical sensations, such as
touch or vibration, which enhances overall immersion.
It aims to create a multisensory experience that



resembles the real world. By removing the user's
awareness of their physical environment, VR
immersion allows them to truly engage in the
experiences provided by the virtual world. Users can
explore the environment, interact with objects or
characters, and experience events within the virtual
environment. Immersive experiences in VR have the
potential to enhance learning and understanding. In the
context of education, students can experience it directly
abstract or hard- to-understand subject matter through
deep immersive experiences. They can learn concepts
in a more practical and intuitive way, and develop a
stronger understanding of the topic being studied.
Overall, immersion is a key element in VR which aims
to create fully immersive and realistic experiences
within virtual environments. By leveraging VR
technology, users can experience sensations and
experiences similar to the real world, which open up

new opportunities in education, entertainment and
other fields.

2.1.2. Interaction

Interaction is one of the important aspects of
Virtual Reality (VR). It refers to the user's ability to
interact with objects, environments or characters in a
virtual world created by VR technology. The goal of
interaction in VR is to provide a responsive experience
and allow users to feel the impact of their actions in a
virtual environment (Bonner & Reinders, 2018). In VR,
users can interact by using motion sensors and
controllers connected to the VR system. Motion
sensors, such as hand or body controllers, can detect

13
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the user's physical movements and transfer them to the
virtual environment. This allows users to move their
hands, body or even legs in a virtual environment with
appropriate gestures. The connected controller or
joystick also allows the user to interact with objects or
the environment in the virtual world. They can use the
controller to select, manipulate or move objects, as well
as perform other actions such as pressing buttons or
moving levers. With this interaction capability, users
can explore virtual environments, interact with objects
such as picking up or placing things, solving puzzles, or
even communicating with virtual characters. They can
perform actions similar to those in real life, which
provides a more immersive and involved experience.
Interaction in VR has the potential to enhance student
learning and experience. For example, in science
lessons, students can perform interactive experiments or
simulations in virtual environments, where they can
change variables, observe results, or run different
scenarios. This allows them to learn through
exploration and experimentation, as well as understand
concepts in a practical way. In addition, interaction in
VR also allows collaboration between users. In a virtual
space, users can interact with each other, work together
on tasks or projects, or even communicate in the form
of avatars or virtual characters. This opens up
opportunities for team-based learning, discussion and
joint problem solving. Overall, interaction is an
important element in VR that allows users to interact
with virtual objects and environments using motion
sensors and controllers. This ability provides
experiences that are more responsive and allow users to



feel the impact of their actions in virtual environments.
Interaction in VR takes learning and exploration
experiences to a higher level, allowing users to be
actively and deeply engaged in the virtual environment
they create.

2.1.3. Environment Customization

Environment customization is the ability in Virtual
Reality (VR) to create and modify virtual environments
according to user needs and goals. In VR, users can
experience customizable environments, which range
from simulated real environments to completely
fictional or imaginative environments. In VR, virtual
environments can be replicated with high precision to
create simulations of real environments (Cardona-
Reyes et al., 2020). For example, a virtual environment
can mimic a classroom, scientific laboratory, historic
site, or natural environment with a near-real level of
detail. This allows wusers to interact with the
environment as they would in the real world, gain
immersive experiences and engage in learning. In
addition, virtual environments can also be completely
fictitious or imaginative environments. In this case, the
user can experience a specially created world with
elements that do not exist in the real world (Chang et
al., 2023)impact. For example, virtual environments
can create fantasy worlds, futuristic scientific worlds, or
abstract environments that allow creative exploration
and differential learning. Environment customization in
VR gives users the flexibility to customize their
experience. Users can choose the environment that is
most relevant to their learning materials or goals. They

15



can also modify the environment according to their
preferences, such as changing the lighting, texture,
scale, or replacing existing objects. The use of
environmental customization in VR has great potential
in learning. For example, in an educational context,
teachers can create learning environments that suit
students' needs and learning objectives (Cardona-Reyes
et al., 2021). They can choose or create environments
that support effective learning experiences and gain
deeper understanding. In addition, environmental
customization also allows adaptation for students with
special needs. For example, students with visual
impairments can adjust the virtual environment to suit
their needs, such as magnifying text or adjusting
contrast. This ensures that the VR experience is
accessible and wuseful for all students. Overall,
environment customization is the ability in VR to
create and modify virtual environments according to
the user's needs and goals. It provides flexibility and
creativity in VR experiences, allows users to experience
real or imaginative environments, and supports
effective and engaged learning.

2.1.4. Stereoscopy

16

Stereoscopy is a viewing method used in Virtual
Reality (VR) to create a more realistic perception of
depth and space. In stereoscopy, VR uses the principle
that the human eye perceives slightly different images
and combines them to produce three-dimensional
perception. In VR, each user's eye sees a slightly
different image. Typically, these two images are
presented separately to each eye using a VR headset. By



combining these two images, the human brain can
recognize differences in viewing angles and produce the
illusion of depth (Chen et al., 2007). This principle
takes advantage of the difference in perspective that
occurs when the human eye is in a slightly different
position. When looking at an object in the real world,
our eyes see it from a slightly different perspective, and
our brain uses this information to interpret the depth
and distance of the object. In VR, stereoscopy
technology generates two slightly different images and
displays them to each eye. This creates an effect similar
to a real- world experience, where the user is able to see
objects with greater depth and dimension. The
stereoscopic effect in VR provides a more immersive
and involved visual experience. Users can experience
the sensation that virtual objects or environments
actually have real depth and distance. This provides a
level of clarity and realism that enhances the overall VR
experience (Cardona-Reyes et al., 2022). Stereoscopy
also aids in navigation and interaction with virtual
environments. With accurate depth perception, users
can see distances between objects and navigate through
the environment more easily. They can also interact
with objects and manipulate them more precisely
because of the depth perception provided by
stereoscopy technology. Overall, stereoscopy is a visual
method used in VR to create the perception of depth
and space. By using two slightly different images
presented to each user's eye, VR creates the illusion of
depth and provides a more immersive and involved
three-dimensional visual experience. Stereoscopic
technology enhances realism and clarity in VR

17
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Figure 2. VR Headset

Motion sensor. Motion sensors are used in VR to track
the wuser's body movements, particularly head
movements. These sensors allow users to see and
interact with virtual environments in a more natural
way. By tracking head movement, the motion sensor
updates the visual display according to changes in the
user's viewing angle, creating the illusion that the user
1s in a moving virtual environment. Motion sensors can
use various technologies, such as inertial motion
tracking technology, magnetic motion tracking
technology, or camera-based tracking technology.
These motion sensors are usually attached to VR
headsets or placed around the room for whole body
monitoring.

Controller. The controller in VR is the input device
used by the user to interact with the virtual
environment. This controller can be a hand controller,
motion controller, or other input device. They allow
users to manipulate objects, explore the environment,
and perform other actions required in a VR context.
Controllers usually come with various buttons, action
buttons, joysticks, touchpads or additional motion



3.1.5. Language and Culture

Language and culture are closely related. In the
context of Virtual Reality (VR), VR can be an effective
tool in supporting language and cultural learning by
providing immersive experiences for students. In
language learning, VR can immerse students into the
target language environment. Students can interact with
virtual characters who speak the foreign language being
studied (Johnson et al., 2001). They can practice
speaking, listening and communicating in realistic
contexts. It provides hands-on and interactive
experience in strengthening language understanding
and increasing confidence in communicating. Apart
from that, VR also allows students to explore different
cultural places. They can visit cities or locations that
have a different culture, and experience the atmosphere
and daily life in that culture. Through virtual
environments, students can gain insight into the
customs, traditions and values of different cultures
visually and emotionally. This helps them broaden their
understanding of the world and increase tolerance for
cultural differences. In addition, VR can also provide
simulations of everyday life situations in different
cultures (Johnson et al., 2002). For example, students
can participate in shopping simulations at traditional
markets, eat at local restaurants, or attend cultural
festivals. In a virtual environment, students can interact
with virtual characters representing that culture and
practice skills in a real context. This assists them in
gaining a practical understanding of the culture, as well
as enhancing cross-cultural communication skills. The
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application of VR in learning language and culture
provides significant benefits. By providing an
immersive experience, VR allows students to interact
directly with the target language and experience life in a
different culture. This helps in strengthening language
understanding, improving communication skills, and
developing a deep understanding of culture. Overall,
VR supports language and cultural learning by
providing immersive experiences for students. Through
VR, students can interact with virtual characters in the
target language, explore places of different cultures, and
participate in simulated situations of everyday life in
different cultures (Johnston et al., 2018). The
application of VR in language and cultural learning
enables students to develop language skills, broaden
cultural understanding, and enhance cross-cultural
communication.

34
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3.1.6. Practical Skills

Practical skills are skills that involve physical
abilities and direct experience in performing certain
tasks or activities. In the context of Virtual Reality
(VR), VR can be used to train practical skills by
providing safe and realistic simulations. In the medical
field, VR can be used to train medical skills. Students
can practice medical procedures such as catheter
insertion, patient transfer, or surgical procedures in
virtual simulations (Bonner & Reinders, 2018). In a
virtual environment, they can interact with highly
detailed models of the human body and practice
techniques and procedures with real-time feedback.
This provides an opportunity for students to hone their
medical skills in a safe and controlled environment. In
engineering and architecture, VR can help students
build interactive architectural models. They can design
buildings and environments in virtual environments,
realistically visualize 3D designs, and interact with the
models. In this process, students can hone planning,
design, and problem-solving skills in a more visual and
interactive context. Apart from that, VR can also be
used to train manufacturing and crafting skills. For
example, students can use VR to practice welding
techniques, wood-cutting, or making other crafts in real
time virtual environment (C.

K. Lee & Shea, 2020). They can practice the hand
movements, hand-eye coordination and techniques
necessary for manufacturing skills in a realistic and
controlled manner. The application of VR in training
practical skills provides significant benefits. By
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providing safe, realistic and controllable simulations,
VR enables students to practice practical skills in an
environment similar to the real world. This helps them
to develop physical skills, manual skills and technical
abilities in areas that require hands-on experience.
Overall, VR is used to train practical skills in areas such
as medical skills, engineering, and craft skills. In VR,
students can practice medical procedures in a safe
virtual simulation, build interactive architectural
models, or practice manufacturing skills in a virtual
environment. The application of VR in training
practical skills allows students to hone their skills in a
controlled, realistic and effective environment. Apart
from these fields, VR can also be applied in fields such
as geography, psychology, physical education, and
many more. By integrating VR into learning, students
can have more immersive, interactive and engaging
experiences that enhance their understanding,
engagement and motivation in learning.

Figure 11. Hand Physics Lab VR Application



3.2. Virtual Reality: A Tool for Immersive Science
Experiences

The implementation of Virtual Reality in education is
beneficial because of its interactive and immersive nature.
(Checa, 2020) Immersive technology offers a safe and
controlled learning environment. In fields such as medicine
or hazardous industrial settings, students can practice skills
and procedures in a virtual environment without risk to
themselves or others. This allows repeated practice and
mastery of skills before they are applied in real-life situations.
Simulations and virtual scenarios created through VR, AR
and MR can provide opportunities for collaborative learning.
Students can engage in virtual group activities, simulations,
or problem solving assignments, which promote teamwork
and communication skills. Technologies for virtual reality
allow users to enter computer-generated environments and
interact with them as if they were physically present. VR can
provide invaluable and interactive experiences that can
enhance student learning and scientific exploration. Here are
some ways VR can be used for intense scientific research:

3.3. Virtual Lab Simulations

Virtual Lab Simulations are the use of Virtual Reality
(VR) technology to create a laboratory environment that can
be accessed and used virtually. In this VR environment,
students and researchers can conduct experiments, practice
laboratory techniques, and run a simulation similar to the
actual experience in a physical laboratory (Blanchard et al.,
1990). One of the main advantages of virtual lab simulations
is safety and cost efficiency. In a virtual environment,
students can learn and explore without the need for
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expensive physical equipment or materials. They can
conduct experiments and practice lab techniques in a safe
environment, free from risk of injury or equipment damage.
In addition, the use of virtual lab simulations also reduces
costs associated with procuring and maintaining laboratory
equipment. Virtual lab simulations also provide greater
flexibility and accessibility. Students can access this virtual
environment from anywhere and anytime via compatible VR
devices. They are not limited by schedules or physical
limitations of real laboratories. This allows students to learn
and practice laboratory skills independently or in groups
without being constrained by time or space constraints. In
addition, the use of virtual lab simulations allows students to
gain prerequisite knowledge and build cognitive abilities
prior to working in a physical laboratory. Using a virtual
environment, students can learn theory, master experimental
steps, and develop an understanding of important concepts
before moving on to practice in a physical laboratory(H.

S. Lee & Lee, 2021). This allows students to focus fully
on relevant activities in a real laboratory without being
overwhelmed by basic understanding or practical instruction.
The application of virtual lab simulations in education is a
significant development. Studies and research have shown
encouraging results in replacing or complementing physical
laboratory work with virtual lab simulations(J. B. Lee &
Kwon, 2022). VR can be a useful tool for acquiring
prerequisite knowledge and developing cognitive abilities
before undertaking practical work in the physical laboratory.
This allows students to optimize their experience in a real
laboratory and enhance their understanding and practical
skills. Overall, virtual lab simulations enable students and
researchers to conduct experiments and practice lab
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techniques in a safe and cost- efficient virtual environment.
This expands the potential use of virtual laboratories in
education, helps students acquire prerequisite knowledge and
cognitive abilities before working in real laboratories, and
enhances the effectiveness of learning and exploration in
science and research.

Figure 12. Car Mechanic Simulation

3.4. Field Trips and Expeditions

Field trips and expeditions are experiences where
students can travel to places that are remote or physically
inaccessible. In the context of Virtual Reality (VR), the use of
VR allows students to take virtual journeys to places such as
beautiful coral reefs, the vast outer space, or historical
monuments located in distant locations. With the use of VR,
students can explore and learn about the natural world and
scientific phenomena in an up-close and personal way. For
example, they can observe marine life on coral reefs in
incredible detail, see stunning views of the universe or visit
historical monuments with architectural beauty and rich
cultural heritage. These experiences provide a unique
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opportunity for students to see, hear, and feel these places,
even if they cannot physically visit them. These virtual field
trips and expeditions have great potential in arousing student
curiosity and discovery. With the immersive experiences
offered by VR, students can develop a deeper understanding
of the topics studied, as well as gain real-world experience in
studying natural and historical phenomena. They can
observe and interact with the virtual environment in a way
that 1s not possible in conventional learning. This can spark
their imagination, strengthen their emotional connection
with the subject matter, and increase their motivation to
learn more. In addition, field trips and virtual expeditions
can also provide students with broader and inclusive access.
For example, students who are unable to take a physical trip
due to physical limitations or other constraints can

experience the same virtual journey as everyone else.
This ensures that every student has an equal opportunity to
explore and learn about the wide world. The use of VR in
field trips and expeditions provides significant benefits in
learning. Through VR, students can explore remote or
physically inaccessible places, study natural phenomena and
history in depth, and develop a strong sense of curiosity and
discovery. It opens doors for more inclusive learning and
provides immersive experiences in understanding the world
around us. Overall, field trips and virtual expeditions through
the use of VR allow students to travel to places that are
remote or physically inaccessible. In this experience, they can
study the natural world, scientific phenomena, and historical
heritage in a deep and personal way. The use of VR on field
trips and expeditions fosters student curiosity and discovery,
ensures greater accessibility, and enhances learning in
understanding the wider world around us.
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Figure 13. OtherSight VR Application

3.5. Data Visualization

Data visualization is the process of presenting data in a
visual form that can be understood more easily. In the
context of Virtual Reality (VR) .The use of VR in data
visualization allows scientists and researchers to view and
evaluate scientific data in a more immersive and interactive
way in a three-dimensional environment. In VR, complex
scientific data can be presented in a more dynamic and
attractive visual form. Scientists can transform data into
three-dimensional models, interactive graphs, or other
visualizations that allow them to more clearly visualize
relationships, patterns, and trends in data. By entering a VR
environment, users can interact with the data using motion
sensors or controllers, move, zoom, or rotate objects and
graphics in 3D space. The use of VR in data visualization
provides several advantages. First, the three-dimensional
environment allows scientists to view data from multiple
perspectives and gain a more comprehensive understanding
of data structure and relationships. They can explore data in
a more natural and intuitive way, allowing them to
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discover new patterns and insights that might not be
visible in  two-dimensional visualization.  Second,
interactivity in a VR environment allows scientists to interact
directly with data. They can change parameters, filter data,
or get a closer look at details with hand or controller gestures.
This provides an opportunity for scientists to carry out in-
depth exploration and experimentation in understanding
scientific data. The use of VR in data visualization also
facilitates collaboration between scientists. Within the same
VR environment, multiple users can view, interact, and
discuss data together. This enables a richer exchange of ideas
and perspectives, and promotes teamwork and shared
learning in the understanding of scientific data. Overall, the
use of VR in data visualization enables scientists and
researchers to visualize and explore complex scientific data
in an interactive three-dimensional environment. With the
ability to transform, interact, and manipulate data in natural
and engaging ways, scientists can gain deeper new
understandings and knowledge about scientific data. This
provides the potential to identify new patterns, relationships
and insights that contribute to the advancement of scientific
research and understanding.

Figure 14. Noda VR Application
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3.6. A concrete example of implementing VR

The integration of VR technologies in primary
education opens up new possibilities for immersive and
interactive learning experiences. Virtual Reality (VR) can be
used as a learning medium that can increase student
involvement in learning (Utami et al., 2021). VR technology
creates immersive, interactive, and multisensory virtual
environments that simulate real-world experiences. By
integrating VR into the learning environment, educators can
provide primary school students with unique opportunities to
explore, experiment, and engage in their educational journey
(Cao & Feng, 2019). VR technology offers a unique platform
to foster creativity and critical thinking skills in elementary
school students. The immersive and interactive nature of VR
encourages students to think critically, solve problems and
make decisions in a virtual environment. Through virtual
scenarios and simulations, students can explore different
perspectives, analyze complex situations, and develop
creative solutions. VR also provides opportunities for
collaborative learning, allowing students to work together on
solving challenges and developing communication and
teamwork skills. The main benefit of computer-assisted
instruction (CAI), also known as computer-based training
(CBT), 1s the use of virtual reality (VR) in education. Several
studies conducted since the 1990s have concluded that the
use of VR enhances learning (McLellan 1996, 2003).
Youngblut (1998) conducted a review of the use of VR in
education since the early 1990s and found that VR has
several unique capabilities, including components for
constructivism-based instruction, accessible use by blind
students, and a function as a learning facilitator. According
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to some teachers, the use of VR is more accessible, more
affordable, and easier for students and teachers to use.
Virtual reality, also known as virtual reality, is a technology
simulated by a smartphone or computer that allows users to
interact with real or simulated environments by computer. In
other words, the computer projects a virtual environment on
VR media, so users feel as if they are entering the virtual
world or environment (Abdillah et al., 2018). In general,
virtual reality can be accessed via smartphones through
special applications or YouTube videos. Students can
improve their cognitive abilities by using VR in science
learning. VR can be used in various educational contexts for
various reasons. VR has the potential to inspire and motivate
students in learning and encourage them to become creative
learners. Winn (1993) mentions several benefits of VR in
education, including:

1. VR provides non-symbolic human resources specifically
created to assist students in learning course material.

2. The use of VR creates interactions with a third-person
perspective that are similar to real life, although not
always in everyday conversation.

3. Constructivism is the best philosophical framework for
creating VR educational apps.

4. Allows students to resize any object in the Islamic
world using a material not visible in the physical world
(for example, warping hard objects).

According to Panthelis (1995), there are several reasons

for using virtual reality in education:
1. VR offers new visualization formats and techniques by
harnessing the power of visual representation. It
provides a new way of conveying information. Because
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VR can sometimes show characteristics, processes, and
so on more accurately than anywhere else, close-up
observations, remote observations, and observing and
examining areas and events that are not available by
other methods.

2. VR provides motivation to students. Education requires
active interaction and involvement, not a passive
attitude. Some VR applications, such as collaborative
VR, incorporate text into a virtual world and require
students to participate in a social environment.

3. VR allows students to study at their own pace and over
longer periods of time without being tied to a schedule.

The teacher or instructor must be able to distinguish
between material that can be integrated with virtual media
and material that cannot be integrated. Usually, subjects have
various learning classes in schools. If the use of virtual reality
is used as an alternative to conventional media, teachers can
use it in some of these learning classes with appropriate terms
and conditions.

3.7. The benefits and advantages of using VR in
achieving external learning

VR is usually understood as a technology that produces
virtual immersion in a digital environment, thanks to which
computer graphic simulation allows users to immerse
themselves in an interactive three-dimensional world where
various types of sensory and emotional experiences are
encountered. Currently, with advances in technology, VR
technology has
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spread to various fields and sectors (Aznar, et al.,
2017). For example, VR has been implemented in surgical
education (e.g. Harrington et al., 2018; Yoganathan, Finch,
Parkin, & Pollard, 2018), sports training (e.g. Panchuk,
Klusemann, & Hadlow, 2018), language learning (e.g.
Parmaxi, 2020). In education, the main reason why VR has
become so popular is its immersive, imaginative and
interactive features (Gavish et al., 2015). Blascovich et al.
(2002) highlighted that its application allows students to be
placed in a different environment with a realism that cannot
be achieved with textbooks, while avoiding certain elements
that can hinder learning. Its use in education allows students
to become immersed in countless settings and time periods (
Pe’rez- Marti'nez, 2011 ). Cuesta and Manas (2016) describe
this technology as a tool capable of breaking through the
space-time barriers of educational contexts, thereby achieving
experiential learning. Two concepts can be considered key
about VR: immersion and presence. They are often used
interchangeably, but formally immersion describes the
experience of using what is called an immersive technology,
(Jensen & Konradsen, 2018), whereas presence refers to a
subjective user's response to a VR situation in a way similar
to that. that would occur in similar situations in the real
world (Slater, 2003).
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CHAPTER 4.
CHALLENGES AND FUTURE USE OF VR
IN LEARNING

4.1. Challenges and constraints in using VR

The development and use of VR applications need to
study the various dimensions of this technology. The VR
challenge is one of the most important dimensions to define.
Despite the benefits of using technology (such as VR) in
healthcare, there are limitations. Individual variables, such as
gender, age, personality and history of motion sickness, as
well as other psychological, cognitive, physical and
functional characteristics present in many clinical situations,
are of great importance and must be taken into account
(Annetta et al., 2009). The sensitivity of some patients must
be taken into account, including their discomfort with using a
head-mounted display (HMD), their ability to learn how to
behave in a virtual environment, and the duration and
potential adverse effects of the reality test itself. Due to
ethical considerations, as well as the efficiency of VR-based
teaching and care, these challenges must be addressed.
According to Bricken, 1991, “Despite its obvious benefits,
connecting VR to the learning process poses a unique set of
difficulties. This is mostly related to the price and the
technical competency of the teacher to use VR technology
successfully. Commercial VR systems that are sophisticated
enough to provide complex models and multiple features
come at a hefty price.” Commercial VR systems that are
sophisticated enough to provide complex models and
multiple features come at a hefty price (Bricken, 1991). To
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ENHANCING ELEMENTARY SCHOOL STUDENTS' ENVIRONMENT
AWARENESS THROUGH VIRTUAL REALITY BASED IMMERSIVE
LEARNING EXPERIENCES

D. Sulisworo, V.Y. Erviana, B. Robiin
Universitas Ahmad Dahlan (INDONESIA)

Abstract

This study aimed to investigate the potential of virtual reality (VR) technology in enhancing
environmental awareness among elementary school students. The theme was focused on animals in
their natural habitat to provide an immersive learning experience. The method involves designing and
implementing a VR-based curriculum for a group of fifth-grade students in Yogyakarta, Indonesia, using
the Meta Quest 2 (formerly the Oculus Quest 2) and student worksheet developed with a Problem-
Based Learning model. The curriculum includes interactive modules that allow students to explore
different animal habitats and engage in virtual field trips to wildlife reserves. The VR environment allowed
students to explore different animal habitats and engage in virtual field trips to wildlife reserves. The
results show that the VR has potential effect on students' environment awareness, as well as their
engagement and interest in learning about the natural world. This study suggests that the use of VR
technology in elementary school classrooms has the potential to enhance students' learning
experiences, promote environment awareness, and inspire future generations to become responsible
stewards of the planet.

Keywords: Virtual reality, elementary schools, environment awareness, animal habitats, immersive
learning experience.

1 INTRODUCTION

Virtual reality (VR) technology can revolutionise how we learn and experience the world around us. In
recent years, educators have explored using VR in the classroom to create immersive learning
experiences that engage students and enhance their understanding of complex concepts [1]-[3]. VR in
education is still in its infancy, and new applications and methods for using the technology are being
developed constantly. As VR technology continues to evolve and become more accessible, educators
and researchers will have the opportunity to explore new ways of using it to enhance student learning
and engagement. It makes it an exciting area of research with considerable potential for innovation and
discovery [4]-[6].

The research novelty of using VR in education lies in its potential to create immersive and engaging
learning experiences beyond what can be achieved through traditional teaching methods [7], [8]. VR
technology allows students to explore and interact with complex concepts and environments that would
otherwise be difficult or impossible to experience in the classroom. This approach is still a relatively new
field, and much research is needed to understand its potential benefits and limitations fully [9]-[11].
However, the study mentioned in the article provides evidence of the positive impact that VR can have
on students' environmental awareness and engagement.

The impact of VR usage on the learning experience can be significant. VR technology can create
immersive and engaging learning experiences that help students better understand complex concepts
and environments [12], [13]. VR captures students' attention and make learning more fun and interactive.
It can create a sense of presence and involvement, making students feel like they are a part of the
learning experience. Research has shown that VR can improve retention rates by providing students
with a more memorable and engaging learning experience [14]. VR helps students visualize and interact
with abstract concepts, making them easier to remember. VR creates personalized learning experiences
tailored to individual students' needs and interests [7], [15]. It helps keep students engaged and
motivated and provides them with a more effective learning experience. The impact of VR usage on the
learning experience is positive, with the potential to enhance engagement, retention, understanding,
personalization, and accessibility. However, it is essential to note that the effectiveness of VR in
education is still being studied, and it is necessary to use it appropriately and thoughtfully to maximize
its benefits.
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The study focused on animals in their natural habitat, using VR technology to provide an immersive
learning experience for fifth-grade students. The curriculum included interactive modules that allowed
students to explore different animal habitats and engage in virtual field trips to wildlife reserves. The
study aimed to investigate the potential of VR technology in enhancing environmental awareness among
elementary school students. The goal was to promote environmental awareness and inspire future
generations to become responsible stewards of the planet.

2 METHODOLOGY

The study aimed to investigate the potential of VR technology in enhancing environmental awareness
among elementary school students. The researchers designed and implemented a VR-based curriculum
for fifth-grade students to achieve this. The method involved using The Meta Quest 2 (formerly the
Oculus Quest 2) VR headset and student worksheets. This study was conducted on upper elementary
school students (4" and 5™ grades) at a public elementary school in Yogyakarta, Indonesia.

The VR-based curriculum consisted of interactive modules that allowed students to explore different
animal habitats and engage in virtual field trips to wildlife reserves. The students wore The Meta Quest
2 VR headset, which provided an immersive and engaging experience. The headset was preloaded with
educational VR content designed to support the curriculum.

The curriculum was delivered over the course, with students engaging in VR-based learning activities
during their regular class time. The curriculum was designed to be interactive, with students actively
participating in the learning experience through exploration and engagement with the virtual
environment. In addition, the student worksheets were developed using the Problem-Based Learning
(PBL) model. This model is a student-centred approach to learning that encourages students to actively
engage in the learning process by identifying and solving real-world problems.

The worksheet activities were designed to guide students through the PBL process, which involved
several stages, including problem orientation, problem organization, investigation, analysis, and
evaluation of problem solutions. Each stage of the PBL process was carried out by students in groups,
allowing for collaborative learning and the development of problem-solving skills. Using the PBL model
in conjunction with the VR-based curriculum, students applied what they learned in the virtual
environment to real-world scenarios and developed a deeper understanding of the material. The
combination of VR technology and the PBL model provided an engaging and practical learning
experience for the students, promoting active learning and problem-solving skills. This worksheet was
designed to encourage students to reflect on their learning experiences and to apply their knowledge to
real-world scenarios. The students completed the worksheets during and after the completion of the VR-
based curriculum.

3 RESULTS

3.1 Learning Preparation

To ensure that students could fully benefit from the VR-based curriculum, they were given an
introductory session to familiarize themselves with the VR technology (See Figure 1). During this
session, the teacher guided the students through operating The Meta Quest 2 VR headset, such as how
to put it on properly, adjust the settings, and navigate through the menus. Furthermore, the teacher
explained to the students how to use the provided student worksheets. The worksheets were designed
to help students reflect on their learning experiences and apply what they learned to real-world
scenarios. The teacher instructed the students to complete the worksheets as they progressed through
the VR-based curriculum. By providing an introductory session and instructions on using the student
worksheets, the teacher ensured that the students were prepared to fully engage in the VR-based
learning activities and maximise the experience.
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Figure 1. Preparation activities: Introductory session

3.2 Learning Activities

Students were grouped and assigned activities during the learning sessions according to their respective
worksheets (See Figure 2). Each student was allowed to use The Meta Quest 2 VR headset to explore
and engage with the virtual animal habitats. The VR-based curriculum covered various topics related to
animals, such as their habitats, movements, physical characteristics, sounds, and accompanying text
explanations. The VR technology allowed students to move freely between different animal habitats and
observe them at their own pace.

Figure 2. Working on group following the worksheet

The observations made by the students during their VR-based exploration were then used to complete
the worksheet activities. These activities were designed to help students reflect on their observations,
deepen their understanding of animal habitats, and apply what they learned to real-world scenarios.

By working in groups and engaging with the VR-based curriculum, students learned in a more immersive
and interactive way. The VR technology provided a unique and engaging learning experience that
allowed students to explore and observe animal habitats in ways that would not have been possible with
traditional classroom methods. Overall, using VR technology in the classroom gave students a more
engaging and practical learning experience.

3.3 Learning Outcome

The figure shows that students described the characteristics of animals after engaging in VR-based
observations. VR technology allowed students to immerse themselves in virtual animal habitats, making
it easier for them to observe and understand the physical characteristics and behaviours of the animals.
Figure 3 and Figure 4 describe the activity to identify the animal characteristics. They write it after
observing in the VR.
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Figure 4. Student answer based on the observation in the VR

During this learning experience, students discovered new vocabulary words related to animal
characteristics and habitats they had not previously encountered. It helped to reinforce their
understanding of animals and their environments (See Figure 5 left). Furthermore, through the PBL
model, students were encouraged to identify various problems related to wildlife conservation and
develop alternative solutions from their perspectives (See Figure 5 right). It allowed them to think
critically about the impact of human activities on the environment and create a sense of responsibility
towards protecting and preserving wildlife.

Figure 5. The others student’s outcome: new vocabulary and finding the solustions

The combination of VR technology and the PBL model provided a unique learning experience that
enhanced students' knowledge of animals and their habitats and developed their critical thinking and
problem-solving skills. By empowering students to take an active role in environmental conservation,
this learning experience has the potential to inspire future generations to become responsible and
environmentally conscious global citizens.

4 DISCUSSION

The results showed the improvement in students' environmental awareness, engagement, and interest
in learning about the natural world. The students who participated in the VR-based curriculum showed
a deeper understanding of environmental issues and were more likely to express a desire to protect the
planet. Through the use of VR-based observations and accompanying worksheet activities, students
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were able to deepen their knowledge and understanding of animal habitats. The combination of VR
technology and the PBL model provided a practical learning experience that allowed students to apply
what they learned in the virtual environment to real-world scenarios. The results suggest that the use of
VR technology in the classroom has the potential to enhance student's learning experiences and
promote environmental awareness. By providing an immersive and engaging learning experience, VR
technology inspires future generations to become responsible stewards of the planet.

The use of VR technology in the classroom has several advantages. It allows students to experience
environments and concepts that may be difficult or impossible to replicate in a traditional classroom
setting [16], [17]. It helps to create a more engaging and immersive learning experience that captures
students' attention and motivates them to learn [12]. VR technology created simulations that allow
students to experiment with complex ideas and concepts in a safe and controlled environment.

The use of VR technology in the classroom has its challenges. One of the main concerns is the cost of
implementing VR technology in schools. VR headsets and other equipment can be expensive, and not
all schools have the resources to invest in this technology. Additionally, there may be concerns about
the potential for distraction or disorientation when using VR technology, which could lead to reduced
learning outcomes. Despite these challenges, this study's results suggest that using VR technology in
elementary school classrooms enhanced students' learning experiences, promote environmental
awareness, and inspire future generations to become responsible stewards of the planet. As technology
continues to develop and become more accessible, more and more schools will likely begin
incorporating VR into their curricula [18]-[20]. It has the potential to transform education and help
prepare students for the challenges of the 21st century.

The results of this study can be explained using several educational theories. The combination of
constructivist, social constructivist, and experiential learning theories provided a robust framework for
creating compelling and engaging learning experiences using VR technology in the classroom. The use
of VR technology in this study aligns with the principles of constructivism, which posits that learners
construct their understanding of the world based on their experiences and interactions with their
environment [1], [21]. Through the immersive and interactive learning experience VR technology
provides, students actively engage with the material and construct their knowledge of animal habitats
and conservation.

The use of the PBL model aligns with the principles of social constructivism, which emphasizes the
importance of social interaction and collaboration in learning. Through working collaboratively in groups,
students could share their ideas, build on each other's knowledge, and develop a shared understanding
of the problems and solutions related to wildlife conservation [22], [23]. The results of this study can be
explained using the concept of experiential learning, which suggests that learning occurs through a cycle
of concrete experiences, reflective observation, abstract conceptualization, and active experimentation
[24], [25]. Through the VR-based observations and accompanying worksheet activities, students could
engage in each stage of this cycle, from experiencing the virtual animal habitats firsthand to reflecting
on their observations to applying their knowledge to real-world problems.

5 CONCLUSIONS

This study highlights the potential of VR technology to enhance environmental awareness among
elementary school students. By designing and implementing a VR-based curriculum focused on animal
habitats, the study demonstrated that students could improve their knowledge and attitudes towards the
natural world. The results showed that students could engage with the material, learn new vocabulary,
identify problems related to wildlife conservation, and propose alternative solutions. The use of VR
technology in the classroom has the potential to provide an immersive and interactive learning
experience that can enhance students' engagement, interest, and understanding of complex concepts
related to the environment. As educators continue to explore the potential of VR technology in the
classroom, further research is needed to assess the long-term impact of VR-based learning on student
achievement and engagement. Nonetheless, this study provides a promising indication of the potential
of VR technology to promote environmental awareness and inspire future generations to become
responsible stewards of the planet.
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Abstract

This research examines the utilization of Virtual Reality (VR) and its implications for the learning
process, specifically focusing on learning interest, prior knowledge, learning engagement, and content
comprehension. The central objectiveisto establish a comprehensive model that unravelsthe intricate
interplay between these factors within the context of VR-based learning. The study also aims to shed
light on the impact of integrating Cognitive Load Theory into VR development and its effects on the
learning experience. Adopting an observational design, this study e ucidates the intricate relationships
among learning interest, prior knowledge, learning engagement, and content comprehension in VR-
based education. The VR technology employed in this research has previously undergone rigorous
feasibility testing. The VR application was designed following cognitive load theory principles. Its
immersive content offers users alifelike immersion into the natural habitats of diverse animal species
across various global regions. By leveraging VR technology, elementary school students engage in a
more profound and authentic learning journey. A total of 85 participants, encompassing fourth and
fifth-grade elementary school students, were involved in the study. These students were drawn from
schools situated in rural areas in particular regions in Indonesia with moderate to low economic
backgrounds. The variables under examination include Prior Knowledge, Learning Interest,
Engagement, and Content Comprehension as|earning outcomes. Data analysis was conducted utilizing
ablend of linear regression and path analysis techniques, with aconfidence level of 95%. The Guttman
scale questionnaire was used, and total scores were transformed into aratio scale through a conversion
process. The study reveals a positive correlation between learning interest and learning outcomes,
highlighting that a strong interest in a subject contributes to improved learning results. Additionally,
both learning interest and prior knowledge influence learning engagement. Students with higher
learning interests and prior knowledge are more likely to actively engage in the learning process,
underscoring internal factors role in motivating participation. Learning engagement is a moderating
factor in the relationships between learning interest, prior knowledge, and learning outcomes. By
enhancing the effect of learning interest and prior knowledge on learning outcomes, engagement
enables more comprehensive and practical information processing.
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1 Introduction

Education has become a battleground for unstoppable technological innovation. Advances in
technology have provided promising new opportunities to enrich the learning experience. One
intriguing innovation that has captured attention is the development of Virtual Redlity (VR). VR isa
technology that enables individuals to "immerse" themselves in digitally created worlds, crafting
immersive experiences that merge visual, auditory, and often kinesthetic elements(Bacca-Acostaet al .,
2022; O’Connor & Worman, 2019). The potential of VR in creating deep and immersive learning
experiencesis captivating. With VR, students can directly engage with subject matter, observe complex
phenomena from various perspectives, and interact within virtual environments (Dreimane, 2019;
Pellas et al., 2020).

However, while VR technology offers enticing prospects, it is crucial to remember that the
effectiveness of education is not solely determined by the tools or technology employed. Thisiswhere
Cognitive Load Theory becomes pivotal. Cognitive Load Theory helps us comprehend the extent of
the mental "load" students encounter during the learning process (Andersen et al., 2016; Ayres, 2020;
Van Merrienboer & Sweller, 2005). This encompasses the complexity of learning materials (intrinsic
load), how materials are presented (extrinsic load), and the mental effort invested in integrating
information (germane load) (Ayres, 2020). In developing VR applicationsfor learning, it isimperative
to consider how thistechnology might influence cognitive load. Whileimmersive learning experiences
can enhance content comprehension, processing information within a VR environment may also
demand increased mental effort (Armougum et al., 2019; Tabberset a., 2004). This can impact student
motivation and even cognitively burden them, diminishing the learning process's effectiveness.

Therefore, developing education applications is more than just about creating visually impressive
environments; it also concerns optimizing the learning experience by minimizing excessive cognitive
load. Integrating Cognitive Load Theory into the design of VR applications will enable developersto
identify pointsthat require simplification or more structured approaches. By attending to these factors,
VR technology can yield more effective learning outcomes, prevent cognitive fatigue, and maintain
the requisite immersion. Rapid technological changes, especially in computing and graphics, have
transformed the education paradigm remarkably. One particularly compelling innovation in this
context is the development of VR (Armougum et a., 2019; Liu et a., 2020; Parong & Mayer, 2018;
Xu & Ke, 2016). VR introduces new possibilities to the learning experience by altering how students
interact with information and learning content.

Alongside the promised potential of VR, some challenges need to be addressed to maximize its
effectiveness within the educational context. Thisiswhere Cognitive Load Theory playsacrucial role.
Cognitive Load Theory seeks to comprehend the extent of an individual’s mental “load” during the
learning and thinking processes. This load can encompass various factors influencing information
processing, cognitive resource utilization, and learning outcomes.

Applying Cognitive Load Theory concepts in developing VR for education carries significant
implications. An effective VR environment should alleviate the excessive cognitive load on students
(Tabbers et a., 2004; Van Merrienboer & Sweller, 2005). By optimizing material complexity,
transparently presenting information, and designing interactions that facilitate content comprehension,
VR development can create more effective and meaningful learning experiences. The influence of
Cognitive Load Theory on student motivation cannot be ignored. When students feel cognitively
burdened, their motivation to learn can diminish. Hence, VR development must balance material
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complexity and students' capacity to cope with this load while maintaining enthusiasm in the learning
process.

Thisresearch aimsto investigate the application of VR and itsimpact on the learning process, focusing
on learning interest, prior knowledge, learning engagement, and content comprehension. Specifically,
this research aims to establish amodel to elucidate the interrel ationships among learning interest, prior
knowledge, learning engagement, and content comprehension in VR-based learning. This study is
expected to provide a better understanding of how the utilization of Cognitive Load Theory in VR
development can influence the learning process.

2 Literature Review

Cognitive Load Theory is a framework utilized to understand how the mental or cognitive load
experienced by an individual can impact information processing, learning, and task performance. This
theory delineates how the human mind is limited to processing information within short-term memory
(working memory) (Ayres, 2020). In the context of Information and Communication Technology (ICT)
utilization, such as software applications, online learning platforms, and immersive technologies like
VR, Cognitive Load Theory holds significant implications concerning the efficiency of comprehension
and technology utilization (Albus et al., 2021; Armougum et al., 2019; Castro-Alonso & de Koning,
2020). Within the realm of ICT, intrinsic load refers to the complexity of material or information
presented through technology (Castro-Alonso & de Koning, 2020). For instance, dense materia or
intricate concepts can elevate the intrinsic load in online learning. Therefore, interface design and
content presentation should consider how information is conveyed for easier digestion. Extrinsic Load
pertains to how information is presented through technology. The extrinsic load can increase if the
interface is non-intuitive, the navigation needs to be easier to grasp, or the layout needs to be more
apparent. In ICT utilization, it's crucial to design user-friendly interfaces, reduce extrinsic load, and
enable easy access to information (Frederiksen et al., 2020; Haryana et al., 2022). In the context of
ICT, germane load involves the mental effort required to comprehend and connect new information
with existing knowledge. ICT utilization can be enhanced by providing clear context and linking new
concepts to prior content. Technology can be harnessed to create interactions that encourage more
profound understanding. By grasping the elements of Cognitive Load Theory, ICT developers and
designers can craft solutions that are more adaptive and responsive to user needs and capabilities
(Castro-Alonso & de Koning, 2020).

The development of VR has brought about a paradigm shift in education. VR technology enables users
to interact with highly redlistic, visualy immersive environments, often accompanied by audio
elements (Bogusevschi et al., 2020; Martin-Gutiérrez et al., 2017, Xu & Ke, 2016). Within the
educational context, VR creates deep and immersive learning experiences, alowing students to "dive
into" abstract concepts, distant locations, or situations challenging to smulate within traditional
classrooms (Shafer et al., 2019). VR in education holds tremendous potential to transform how we
learn, teach, and understand the world around us. VR enables students to engage with lessons more
profoundly and tangibly. They can explore 3D structures, observe intricate processesin action, or grasp
complex concepts more visually (Bogusevschi et a., 2020; Lin et al., 2017; Sulisworo et a., 2022).
With VR, students can partake in realistic simulations of scientific experiments, aviation scenarios, or
historical recreations. This aids students in comprehending concepts more practically and interacting
with environments otherwise inaccessible in rea life. The immersive and enjoyable learning
experiences offered by VR can boost student motivation. They become more likely to actively engage
with learning as it introduces elements of gamification and exploration (Shafer et al., 2019; Xu & Ke,
2016). Through 3D visualizations and interactions, students can gain abetter grasp of abstract concepts.
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VR allows them to "see" concepts from various angles, reinforcing their understanding. It's essential
to approach the use of VR in education with caution. Virtua learning should be different from real -
world socia interaction and hands-on experiences. Hence, VR integration must combine diverse
learning strategies to achieve optimal learning outcomes (Chang et al., 2020; Cheng & Tsai, 2020). By
combining the potential of VR with established teaching methods, education can leverage this
technology to shape more meaningful and compelling learning experiences for students.

Numerous studies have delved into the correlation between learning interest and learning outcomes.
Motivational theories, such asintrinsic and extrinsic motivation, are often employed to elucidate how
learning interest can impact students engagement levels and learning outcomes (Carbonel|-Carrera &
Seorin, 2017; Cheng & Tsai, 2020). These investigations frequently indicate that students with a
heightened interest in a subject tend to achieve better learning outcomes. Literature concerning prior
knowledge and learning outcomes often centers on how students' preexisting knowledge can influence
their aptitude for comprehending new concepts (Chen & Liao, 2022; Makransky et al., 2019; Trust et
al., 2021). Constructivist and transfer learning theories frequently serve as the foundation to explore
how prior knowledge shapes the learning process and its eventual outcomes.

Research also frequently considers the role of learning engagement as a factor influencing the
relationship between learning interest, prior knowledge, and learning outcomes (Pilgrim & Pilgrim,
2016; Taggin, 2020). Concepts of information and cognitive processing are frequently harnessed to
expound on how learning engagement can moderate these relationships. L earning engagement may act
asamediator or enhancer in the interaction among these variables (Bennett & Saunders, 2019; Huang
eta., 2021; Trust et al., 2021). Studiesthat involve acombination of variables—Ilearning interest, prior
knowledge, learning engagement, and |earning outcomes—can shed light on the intricate dynamics of
the learning process (Annetta et al., 2009; Flavian et a., 2021; Mouatt et a., 2020). Motivation,
cognition, and learning theories may be employed to comprehend how the interplay of these variables
shapes students' learning experiences.

Learning interest and engagement are related concepts in education, but they refer to different aspects
of alearner's experience. Learning interest refersto an individual's curiosity, attraction, or desire to
explore and acquire knowledge about a particular subject or topic. When a person has a strong
learning interest in a subject, they are more likely to actively seek out information, participatein
discussions, and invest time and effort in understanding the material. Learning interest isthe
individual's internal inclination or desire to learn about a specific topic. On the other hand,
engagement isthe level of attention, enthusiasm, and interaction alearner exhibits during an
educational activity. While learning interest is more about personal motivation, engagement reflects
the learner's responsiveness to the learning environment. Engagement encompasses active
involvement and interaction with the learning process.

Both learning interest and engagement are essential considerations when designing avirtual reality
(VR) system based on cognitive load principles. Designing a VR system that aligns with learners
interests can enhance motivation and willingness to engage with the content. When individuals are
Interested in the subject, their intrinsic motivation can help mitigate the perceived cognitive load.
Incorporating content that resonates with users, addresses their curiosity, and aligns with their
preferences can contribute to a more positive learning experiencein VR. At the same time, high
levels of engagement can positively impact cognitive load management. When users actively engage
inaVR learning experience, they are more likely to allocate cognitive resources effectively,
improving retention and understanding of the material. Interactive and immersive elements within the
VR system can promote engagement. Well-designed scenarios, simulations, and activities
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encouraging active participation can provide a more effective learning experience. A successful VR
system based on cognitive load principles should consider the cognitive aspects and learners' interests
and engagement levels. By doing so, designers can create a more immersive and compelling learning
experience that optimizes cognitive load and promotes meaningful learning outcomes.

3 Methods

3.1 Research Context

This study employs an observational design to explore amodel that can el ucidate the interconnections
between learning interest, prior knowledge, learning engagement, and content comprehension in VR-
based learning. The VR utilized in this research has undergone feasibility testing in previous studies
(Sulisworo et a., 2022, 2023). This VR was devel oped with the application of cognitive load theory.
The VR content immerses users in the lifelike depiction of animals and their natural habitats across
various regions worldwide. This application enables elementary school students to explore the
authentic habitats of animals redlistically through VR technology. Through VR, students undergo a
more profound and immersive learning experience. The study participants comprised 85 elementary
school students from both fourth and fifth grades. They hail from schools located in economically
moderate to low-income rural areas.

Applying Cognitive Load Theory in developing learning mediawith Virtual Reality (VR) involves
severa steps and special considerations such as identifying learning objectives, introducing users
(target audience), optimizing intrinsic and extrinsic cognitive load, interactive experience design,
optimizing germane cognitive load, and feedback in real-time. Determine clear and specific learning
objectives, namely recognizing various animals characteristics and way of life in their habit—design
VR experiences by considering learners level of knowledge and skills. Elementary school students
need to be given an animal environment that still uses concrete concepts (sound, movement, shape).
Optimizing Intrinsic Cognitive Load ensures that the content arouses interest and intrinsic motivation
to learn. The content is related to various animals that are not always present in their everyday
environment, thereby allowing for higher interest. Minimizing Extrinsic Cognitive Load is done by
simplifying the VR user interface reducing visual distractions or unnecessary information. Inthe VR
used, the interface is simple with just moving (left, right, forward, backward) and direction buttons.
There are no complex features in the application created—interactive Experience Design by utilizing
the advantages of VR in providing interactive experiences and presenting information in depth. The
application design is made like an adventure in various animal habitats accompanied by relevant
information to provide an excellent interactive experience. Optimizing the use of Germane Cognitive
Load is carried out by choosing teaching methods to form good cognitive schemes. Various types of
animals with different habitats allow the presentation of information from previous knowledge to the
ability to understand new knowledge. Real-Time Feedback is carried out by utilizing VR capabilities
to provide direct feedback. Real-time feedback can be obtained by comparing experiences observing
animal life with information boards explaining the animal’s characteristics.

3.2 Variables

The variables measured in this study encompass several aspects, namely:

e Prior Knowledge (PRK): Assessing how students possess prior knowledge concerning animal
life and their habitats.
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e Learning Interest (INT): Gauging the level of students motivation in learning before utilizing
VR.

e Engagement (ACT): Measuring the degree of students engagement during learning through
VR.

e Content Comprehension as learning outcomes (LEP): Evaluating the extent to which students
comprehend the learning content related to animal life and their habitats after using VR.

Before the learning session commences, participants learning interests and prior knowledge are
measured. Following this, they engage in learning using the VR application. Throughout the learning
process, observation is conducted, and the student’s engagement levels are quantified. After the
learning session, students are measured again to gauge their understanding of the material acquired
during the VR-based learning.

Students explore the zoo by observing the animals. Each animal is designed to be in its natural
habitat. To observe these animals, users walk on the existing track with directions for the position of
each animal. Animals can be approached for more details (sounds and movements). Users can search
for more detailed information by pressing the information button to display an information board in
text form.

3.3 Instruments

Data for this study were collected through a Guttman scale questionnaire for learning interest and
engagement. Additionally, prior knowledge and content comprehension were measured using multiple-
choice tests. In developing the instruments, the prior knowledge (PRK) assessment consisted of 15
multiple-choice questions covering comparisons (item number 1-5), categorizations (item number 6-
10), and life pattern analysis (item number 11-15). Investigation revealed that only eight items were
usable (PRK1, PRK2, PRK8, PRK9, PRK 10, PRK11, PRK12, and PRK14).

For learning interest (INT), there were eight perceptual statement items encompassing enjoyment (item
number 1,2), interest (item number 3,4), attention (item number 5,6), and involvement (item number
7,8). Analysis results indicated that only four items (INTL, INT5, INT6, and INT8) were usable.

There were six observational itemsfor learning engagement (ACT): task completion, asking questions,
participating in discussions, recording activity outcomes, seeking information, and self-assessment.
Analysis showed that only fiveitems (ACT1, ACT2, ACT4, ACT5, and ACT6) were usable.

For learning outcomes (LEP), data from a 15-item multiple-choice test covering comparisons (item
number 1-5), categorizations (item number 6-10), and life pattern anaysis (item number 11-15) were
used. Analysis results found that only eight items were usable (LEP4, LEP7, LEP8, LEP9, LEP11,
LEP12, LEP14, and LEP15). See Table 1 for the statistic result.

Table 1. The item validity and reliability for each variable

Variable/ Correlation | Alpha

[tem Mean STD (r) | Cronbach
Prior Knowledge (PRK)

PRK1 .8235 .38348 441 683

PRK?2 7765 41908 316 '

PRKS8 .6824 46832 226
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Variable/ Correlation | Alpha
ltem Mean STD (r) | Cronbach
PRK9 7294 44690 425
PRK10 7294 44690 440
PRK11 7176 45282 521
PRK12 4824 .50265 .385
PRK14 5412 50126 393

Learning Interest (INT)
INT1 .5882 49507 284
INTS 7412 44059 426 .686
INT6 .8118 .39322 430
INT8 .6588 47692 526

L earning Engagement (ACT)

ACT1 8235 .38348 236
ACT2 9412 .23669 .302 610
ACT4 5059 50293 513 '
ACTS 6353 48420 383
ACT6 4588 50126 352

Learning Outcome (LEP)
LEP4 .8824 32410 285
LEP7 .8588 .35027 287
LEPS .8588 .35027 314
LEPO .8235 .38348 402 207
LEP11 .8706 .33765 215
LEP12 .9059 .29373 230
LEP14 .8941 30951 318
LEP15 .8000 40237 .308

3.4 Analysis Technique

A combination of linear regression analysis and path analysis techniques was employed to analyse the
obtained data. Thelevel of confidence was 95%. For the Guttman scale questionnaire, total scoreswere
derived by converting the scores into a ratio scale. The conversion involved summing the scores of
each item and dividing by the total possible score, then multiplying by 100 per cent. The path analysis
model tested can be observed in Figure 1. SPSS software was applied for this analysis.
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yang efektif dalam membantu terjadinya proses
belgjar.

Pada proses pembelgaran, media
pengagaran merupakan wadah dan penyalur
pesan dari sumber pesan, dalam hal ini guru,
kepada penerima pesan, dalam ha ini siswa
Dalam batasan yang lebih luas, Yusufhadi
Miarso memberikan batasan media pengajaran
sebagal segala sesuatu yang dapat digunakan
untuk merangsang pikiran, perasaan, perhatian,
dan kemauan siswa sehingga mendorong
terjadinya proses belgjar pada diri siswa.

Apabila dilihat dari manfaatnya Ely
daam Danim menyebutkan manfaat media
dalam penggaran adalah sebagai berikut: (@)
Meningkatkan mutu pendidikan dengan cara
meningkatkan kecepatan belgjar (rate of
learning), (b) Memberi kemungkinan pendidikan
yang sifatnya lebih individual, (¢) Memberi dasar
pengajaran yang lebih ilmiah, (d) Penggaran
dapat  dilakukan  secara  mantap, (e
Meningkatkan terwujudnya kedekatan belgar
(immediacy learning), dan (f) Memberikan
penyajian pendidikan lebih luas. 4 Selain itu, dari

48



kekuatan Virtual Redlity dalam meyakinkan
pengguna dan meyakinkan kehadiran mereka di
dalam lingkungan buatan (Wittenberg, 1993).
Virtual Reality juga menawarkan lingkungan
interaktif yang melibatkan peserta didik dan
memungkinkan mereka memvisualisasikannya.
Teknologi ini diperkenalkan sebagai alat inovasi
untuk memecahkan masalah kompleks, sehingga
menghasilkan solusi yang unik, redistis dan
praktis bagi peserta didik (Kartiko et a, 2010).
Penelitian dari seorang guru sains bernama Winn
and Bricken yang menggunakan Virtual Redlity
untuk menjelaskan materi matematika abstrak
menyimpulkan bahwa Virtua Reality memiliki
potensi meningkatkan cara belgjar peserta didik
secara signifikan (Winn & Bricken, 1992).
Demikian juga penelitian dari Moses yang
menggunakan Virtua Redlity dalam
menganalisis vektor dan geometri deskriptif,
menunjukkan bahwa peserta didik menilai
Virtua Reality sebaga tempat eksperimen yang
sangat baik dan dapat berpikir lebih mudah untuk
memahami konsep materi tersebut (Okechukwu
& Eze, 2011).
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b. Augmented Reality

Augmented Reality merupakan aplikas
penggabungan dunia nyata dengan dunia maya
dalam bentuk dua dimensi maupun tiga dimensi
yang diproyeksikan dalam sebuah lingkungan
nyata dalam waktu yang bersamaan. Augmented
Redlity sering juga disebut dengan redlitas
tertambat. Aplikas ini sering diterapkan dalam
sebuah game. Seperti yang dilansir dari
inet.detik.com (2015) menyebutkan bahwa Xbox
Development dari Microsoft tidak hanya
menghadirkan game dalam bentuk Virtual
Reality namun juga menghadirkan game dalam
bentuk Augmented Reality. Teknologi yang
masih tergolong baru ini mash sedikit
pemanfaatannya di Indonesia. Dilansir dari
republika.co.id (2015) menyebutkan bahwa
penggunaan Augmented Reality di Indonesia
belum terldu besar. Mash minimnya
pengetahuan masyarakat mengenal teknologi ini
menjadi salah satu penyebabnya. Dengan
menggunakan Augmented Redlity sebagai salah
satu aternatif media pembelgaran, diharapkan
dalam sebuah kegiatan pembelgjaran dapat lebih
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menarik bagi siswa. Manfaat lain yang diperoleh
adalah media pembelgaran yang lebih maju
dengan memanfaatkan perkembangan teknologi
saat ini. Melaui Augmented Reality dapat
menjadi salah satu solusi untuk mengatasi modull.
Berbeda dengan Virtua Redity (VR) yang
menambahkan obyek nyata pada sebuah obyek
maya, Augmented Redity (AR) adaah
menambahkan obyek maya ke dalam obyek
nyata daam waktu yang bersamaan. Menurut
Ragjan (2014) menyebutkan bahwa Augmented
Reality pertama kali digunakan pada tahun 1957-
1962 oleh seorang sinematografer bernama
Norton Heilig, yang diberi nama Sensorama.
Sensorama merupakan sebuah simulator yang
dapat mensimulasikan visual, getaran, dan bau.

. Manfaat Media Pembelajaran

Hamalik  (1986) mengemukakan  bahwa
pemakaian media penggaran dalam proses
belggar menggar dapat  membangkitkan
keinginan dan minat yang baru, membangkitkan
motivasi dan rangsangan kegiatan belgar, dan
bahkan membawa pengaruh-pengaruh psikologis
terhadap siswa.
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Secara umum, manfaat media dalam
proses pembelgaran adalah memperlancar
interaksi antara guru dengan siswa sehingga
pembelgaran akan lebih efektif dan efisien.
Tetapi secara lebih khusus ada beberapa manfaat
media yang lebih rinci Kemp dan Dayton (1985)
misalnya, mengidentifikas beberapa manfaat
media dalam pembelgaran yaitu:

Penyampaian materi pelgjaran dapat
diseragamkan.

Proses pembelgaran menjadi lebih jelas dan
menarik.

Proses pembelgjaran menjadi lebih interaktif.
Efisiens dalam waktu dan tenaga.

Meningkatkan kualitas hasil belgjar siswa.

Media memungkinkan proses belgar dapat
dilakukan dimana sgja dan kapan sgja.

Media dapat menumbuhkan sikap positif siswa
terhadap materi dan proses belgjar.

Merubah peran guru ke arah yang lebih positif
dan produktif.

Selain beberapa manfaat media seperti yang
dikemukakan oleh Kemp dan Dayton tersebut,
tentu sgja kita masih dapat menemukan banyak
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manfaat-manfaat praktis yang lain. Manfaat
praktis media pembelgaran di dalam proses
belgjar mengajar sebagai berikut:

Media pembelgaran dapat memperjelas
penyajian pesan dan informasi sehingga dapat
memperlancar dan meningkatkan proses dan
hasil belgjar.

. Media pembelgjaran dapat meningkatkan dan
mengarahkan perhatian anak sehingga dapat
menimbulkan motivasi belgjar, interaksi yang
lebih langsung antara siswa dan lingkungannya,
dan kemungkinan siswa untuk belajar sendiri-
sendiri sesuai dengan kemampuan dan minatnya.
Media  pembelgaran dapat mengatasi
keterbatasan indera, ruang dan waktu.

. Media pembelgaran dapat memberikan
kesamaan pengadlaman kepada siswa tentang
peristiwa-peristiwa di lingkungan mereka, serta
memungkinkan terjadinya interaks langsung
dengan guru, masyarakat, dan lingkungannya
misalnya melalui karya wisata. Kunjungan-
kunjungan ke museum atau kebun binatang
(Azhar Arsyad, 2007)
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D. Fungsi Media Pembelajaran

Dalam proses pembelgaran, media
pembelgjaran memiliki beberapa fungsi. Wina
sanjaya (2014) menjabarkan beberapa fungsi
tersebut dalam beberapa jenis yaitu:

1. Fungsi komunikatif.

Media pembelgaran digunakan untuk
memudahkan komunikasi antara penyampai
pesan dan penerima pesan.

2. Fungsi motivasi.

Dengan menggunakan media
pembelgjaran, diharapkan siswa akan lebih
termotivasi dalam belgar. Dengan demikian,
pengembangan media pembelgaran tidak hanya
mengandung unsur artistik sgja akan tetapi juga
memudahkan siswa mempelgari materi pelgaran
sehingga dapat meningkatkan gairah belgjar
siswa.

3. Fungs kebermaknaan.

Melaui penggunaan media, pembelgaran
bukan hanya dapat meningkatkan penambahan
informasi  berupa data dan fakta sebagai
pengembangan aspek kognitif tahap rendah, akan
tetapi dapat meningkatkan kemampuan siswa

58



untuk menganalisis dan mencipta sebagai aspek
kognitif tahap tinggi. Bahkan lebih dari itu dapat
meningkatkan aspek sikap dan keterampilan.

4. Fungs penyamaan persepsi.

Melaui pemanfaatan media
pembelgjaran, diharapkan dapat menyamakan
persepsi setigp Siswa, sehingga setiap siswa
memiliki pandangan yang sama terhadap
informasi yang disuguhkan.

5. Fungsi individualitas.

Pemanfaatan media pembelgjaran
berfungsi untuk dapat melayani kebutuhan setiap
individu yang memiliki minat dan gaya belgjar
yang berbeda (Aghni 2018).

Daryanto (2013) juga memberikan
penjelasan terkait beberapa kegunaan media
pembelgjaran yaitu :

1). Memperjelas pesan agar tidak terlalu
verbalistis.

2) Mengatasi keterbatasan ruang, waktu, tenaga,
dan dayaindra.

3) Menimbulkan gairah belgar, interaks lebih

langsung antara siswa dengan sumber belgjar.
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4) Memungkinkan siswa belgar mandiri sesuai
dengan bakat dan kemampuan visual, auditori,
dan kinestetiknya.

5 Memberi rangsangan yang  sama,
mempersamakan pengalaman dan menimbulkan
persepsi yang sama.

6) Proses pembelgaran mengandung lima
komponen komunikasi, guru (komunikator),
bahan pembelgaran, media pembelgaran, siswa
(komunikan), dan tujuan pembelgaran (Aghni
2018).

3. Pembelajaran BerbasisHOTS
A. Pengertian HOTS

Pada abad ke-21 generasi-generass muda
memang sudah harus dibekali dengan beberapa
kemampuan. Setidaknya ada 3 kemampuan yang
harus dikuasai oleh generass mudah saat ini,
diantaranya  kemampuan  berfikir  kritis,
kemampuan berpikir kreatif, serta kemampuan
dalam memecahkan suatu masalah
(Pratiwi,2019:128). Ketiga kemampuan lebih
dikenal atau kita sebut dengan kemampuan

HOTS. Kemampuan-kemampuan  tersebut

60



dibutuhkan dalam menyelesaikan masalah, sebab
pesatnya perkembangan pengetahuan dan
teknologi telah menghasilkan tantangan dan
masalah yang akan dihadapi manusia di abad 21
menjadi lebih kompleks (Saraswati and Agustika
2020).

Menurut Saputra (2016) Higher Order
Thinking Skills (HOTS) merupakan suatu proses
berpikir pesertadidik dalam level kognitif yang
lebih tinggi yang dikembangkan dari
berbagai konsep dan metode kognitif dan
taksonomi  pembelgaran  seperti metode
problem solving, taksonomi bloom, dan
taksonomi  pembelgjaran, penggaran, dan
penilaian. Tujuan utama dari  high  order
thinking skills adalah bagaimana meningkatkan
kemampuan berpikir peserta didik pada
level yang lebih tinggi, terutama yang
berkaitan dengan kemampuan untuk
berpikir secara  kritis dalam  menerima
berbagai jenis informasi, berpikir kreatif dalam
memecahkan suatu masaah menggunakan

pengetahuan yang dimiliki serta membuat
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keputusan dalam situasi-situasi yang kompleks
(Wahyuningsih et al. 2009)

HOTS (Higher order thinking)
pertama kali dikemukakan oleh seorang
penulis sekaligus Associate Professor Dari
Dusguance University bernama Susan M
Brookhart dalam bukunya, 'How to Assess
Higher-order  Thinking  Skills in  Your
Classroom' (2010). Dia  mendefinisikan
model ini sebaga metode untuk transfer
pengetahuan, berpikir kritis, dan memecahkan
masalah. HOTS tak sekedar model soal, tetapi
juga mencangkup model pengajaran. Model
pengajaran harus mencangkup kemampuan
berpikir, contoh, pengaplikasian pemikiran dan
diadaptasikan dengan kebutuhan siswayang
berbeda-beda. Ada pula modd penilaian
dai HOTS yang mengharuskan siswa tak
familiar dengan pertanyaan atau tugas Yyang
diberikan. Ini dimaksudkan agar siswa
memiliki  cukup pengetahuan awad untuk
menggunakan kemampuan berpikir tingkat
tinggi.Ada 3 format item dalam pengujian
HOTS. Format itu adaah (@) seleks,
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termasuk pilihan ganda, mencocokkan, dan
pemeringkatan; (b) umum, termasuk esa,
jawaban  singkat, dan  tugas-tugas; (c)
penjelasan, yang menuliskan aasan mengapa
jawaban itu dipilih.Robyn  Callins, daam
tulisannya berjudul 'Skills  for the 21st
Century: teaching higher-order thinking'
yang dimuat dalam situs
curriculum.edu.au(2014), HOTS  bertujuan
mempersiapkan masyarakat memasuki abad
ke-21 (Ansori 2015).

Penjelasan oleh Budiarta (2018:103)
menyebutkan HOTS dapat dimaknai sebagai
kemampuan proses berpikir kompleks yang
mencangkup mengurai materi, mengkritik serta
menciptakan solusi pada pemecahan masalah.
Menanggapi hal yang sama, Thomas dan Thorne
(2009) mendefinisikan HOTS  sebaga
kemampuan  berpikir  dengan  membuat
keterkaitan antar fakta terhadap sebuah
permasalahan. Pemecahan masdah yang
dilakukan tidak sekedar melalui proses
mengingat atau menghafal saja, namun menuntut
untuk membuat hubungan dan kesimpulan dari
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permasalahan. Menyertai hal yang serupa
Annuuru,dkk (2017:137) menjelaskan HOTS
merupakan kemampuan menggabungkan fakta
dan ide dalam proses menganalisis, mengevaluasi
sampai pada tahap mencipta berupa memberikan
penilaian terhadap suatu fakta yang dipelgari
atau bisa mencipta dari sesuatu yang telah
dipelgari. Proses menganalisis, mengevauasi
serta mencipta merupakan bagian dari taksonomi
kognitif yang dibuat oleh Benjamin S. Bloom
pada tahun 1956 (Saraswati and Agustika 2020).
. Tingkatan Berpikir HOTS
Secara umum, tingkatan berpikir HOTS menurut
Anderson dan Krathwohl (2017) adalah:
. Mengingat

Mengingat adalah aktivitas berpikir
dengan menarik kembali pengetahuan yang
relevan dalam memori jangka panjang seorang
siswa. Untuk mengakses pembelgaran siswa
dalam kategori proses kognitif yang paling
sederhana ini, guru memberikan pertanyaan
dalam kondisi yang sama persis dengan kondisi
ketika siswa belgjar materi yang diujikan. Di
dalam mengingat ini, ada dua kategori proses
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kognitif yakni mengenali dan mengingat
kembali. Mengenali  berarti  mengambil
pengetahuan yang dibutuhkan dari memori
jangka panjang untuk membandingkannya
dengan informasi yang baru sga diterima
Sedangkan mengingat kembali berarti
mengambil pengetahuan yang dibutuhkan dari
memori jangka panjang dan membawa kembali

ke memori kerja untuk diproses.

. Memahami

Memahami  berarti  mengkonstruksi
makna dari pesan-pesan pembelgaran, baik yang
bersifat lisan, tulisan maupun grafis, yang
disampaikan melalui pengajaran, buku atau layar
komputer. Proses kognitif dalam kategori
memahami meliputi menafsirkan, mencontohkan,
mengklasifikasi, meringkas, menyimpulkan,
membandingkan, dan menjelaskan
. Menerapkan atau mengaplikasikan

Menerapkan meliputi penggunaan
prosedur atau cara kerja tertentu untuk
mengerjakan suatu latihan atau menyelesaikan
suatu masalah. Mengaplikasikan berkaitan erat
dengan pengetahuan prosedural. Pengetahuan
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prosedural adalah pengetahuan tentang cara
melakukan sesuatu. Ada dua proses berpikirnya,
yakni mengeksekusi dan mengimplementasikan.
Dalam mengeksekusi, sSiswa secara rutin
menerapkan prosedur ketika menghadapi tugas
yang sudah biasa Sedangkan
mengimplementasikan berlangsung saat Ssiswa
memilih dan menggunakan sebuah prosedur
untuk menyel esaikan tugas yang tidak biasa.
. Menganalisis

Menganalisis terdiri dari kemampuan atau
keterampilan membedakan, mengorganisasi, dan
menggabungkan.  Mengandisis  melibatkan
proses memecah-mecah materi menjadi bagian-
bagian kecil dan dapat menentukan bagaimana
hubungan antar bagian dan antara setiap bagian
dan struktur keseluruhannya. Kategori proses
menganalisis ini mdiputi  membedakan,
mengorganisasi dan mengatribusikan.
Membedakan melibatkan proses memilah-milah
bagianbagian yang penting dari sebuah struktur,
kemudian mendiskriminasikan menjadi informasi
yang relevan dan tidak relevan. Mengorganisasi
melibatkan proses mengidentifikas elemen-
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elemen komunikasi atau sSituasi dan proses
mengenali  bagaimana elemen-elemen  ini
membentuk sebuah struktur yang koheren.
Sedangkan mengatribusikan terjadi ketika siswa
dapat menentukan sudut pandang, pendapat,
nilai, atau tujuan di balik komunikasi.
. Mengevaluasi

Mengevaluas merupakan kemampuan
mengambil  keputusan berdasarkan  kriteria
kriteria. Leve ini terdiri dari keterampilan
mengecek/memeriksa dan mengkritisi.
Keterampilan memeriksa merupakan proses
untuk menemukan inkonsistensi atau kesalahan
dalam suatu proses atau produk. Misalnya, ketika
siswa menguji apakah suatu kesimpulan sesuai
dengan premis-premisnya atau tidak, apakah
datanya mendukung atau tidak, atau apakah
bahan pelgjaran berisi bagian bagian yang saling
bertentangan. Sedangkan mengkritis adalah
proses menilai suatu pendapat atau hasil
berdasarkan  kriteria tertentu yang tidak
memihak, profesional dan universal. Dalam
mengkritisi, siswa mencatat ciri-ciri positif dan

negatif dari suatu produk dan membuat
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keputusan setidaknya sebagian berdasarkan ciri-
ciri tersebut. Mengkritisi merupakan inti dari apa
yang disebut berpikir kritis.
. Mencipta

Pada level tertinggi ini, Siswa
mengorganisasi berbagai informasi
menggunakan cara atau strategi yang baru atau
berbeda dari biasanya. Keterampilan mencipta
terdiri dari merumuskan, merencanakan, dan
memproduksi. Merencanakan melibatkan proses
merencanakan metode penyelesaian masalah
yang sesuai dengan kriteria-kriteria masalahnya,
yakni membuat rencana untuk menyelesaikan
masalah. Merencanakan adalah mempraktikkan
langkah-langkah untuk menciptakan solusi yang
nyata bagi suatu masalah. Merumuskan
melibatkan proses menggambarkan masalah dan
membuat pilihan atau hipotesa yang memenuhi
kriteria-kriteria tertentu. Sedangkan
memproduksi melibatkan proses melaksanakan
rencana untuk menyelesailkan masaah yang

memenuhi spesifikasi tertentu (Kristiyono 2018)
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C. Indikator AnalissHOTS Siswa
Ada beberapa indikator yang harus ada

dalam mendeskripsikan kemampuan HOTS,

diantaranya (Hasyim and Andreina 2019) :

Kategori

Deskripsi

Menganalisis (Analyze)

e Mengspesifikasikan aspek-aspek
atau elemen.

e Katakerja: membandingkan,
memeriksa, mengkritik, dan

menguji.

Mengevauas (Evaluate)

e Mengambil keputusan sendiri.
e Katakerja: evaluasi, menilai,
menyanggah, memutuskan,

memilih, mendukung

Mencipta (Create)

e Mengkreas ide/gagasan sendiri
o Katakerja: mengkontruksi,
desain, kreasi, mengembangkan,

menulis, memformulasikan

Sumber: Anderson & Krathwohl (2001)
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Kategori-kategori yang dipaparkan diatas
merupakan bagian dari taksonomi kognitif yang
dibuat oleh Benjamin S. Bloom pada tahun 1956
dan pada akhirnya disempurnakan kembali oleh
Anderson dan Krathwohl (2001) menjadi C1-
ingatan (remembering), C2-pemahaman
(understanding), C3-menerapkan (applying), C4-
andisis (analysing), Cb-evaluasi (evaluating),
dan C6-kreas (creating). Menurut Tanujaya
(2017:78) menjelaskan level satu sampal tiga
merupakan kemampuan berpikir tingkat rendah
atau LOTS (Lower Order Thinking Skill) dan
level empat sampai enam merupakan HOTS
(Higher Order Thinking Skill). Maka jika
ditinjau dari ranah kognitif HOTS merupakan
kemampuan menganalisis, mengevaluasi serta
mencipta. Hal ini bisa dilihat dalam sebuah

gambar dibawah ini :
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Dari gambar diatas bisa terlihat bahwa
proses C4 dan C5 sebaga berpikir kritis,
sedangkan C6 bagian dari kemampuan berpikir
kreatif, kemampuan proses berpikir kritis dan
kreatif digunakan untuk memecahkan masalah
atau mencipta solus untuk  menetapkan
keputusan (Saraswati and Agustika 2020).

. Penerapan Pembelajaran HOT S di Sekolah

Daam Dunia Pendidikan HOTS mampu
diterapkan, sebab kemampuan berpikir tingkat
tinggi siswa dapat dilatih dan ditingkatkan.
Sehingga banyak negara yang mengunakan
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HOTS sebagai bagian yang tak terpisahkan dari
pembelgaran dikelas (Musrikah, 2018:341).
Untuk mampu mengimplementasikan
pembelgaran HOTS, maka semua stakeholder
sekolah harus mendukung keberhasilan proses
pembelgjaran ini. Semua unsur-unsur di sekolah
harus dipersiapkan dengan baik. Unsur-unsur itu
meliputi siswa, orang tua siswa, fasilitas yang
mendukung pembelgjaran, maupun guru. Siswa
sebagal subyek dan obyek pembelgaran harus
mula memahami tujuan pembelgjaran yang
diberikan guru. Harapannya dengan
pembelgaran HOTS yang dibuat guru, maka
siswa mampu mengaplikasikan kemampuan
kritis dan analisisnya terhadap permasalahan di
sekitarnya. Jadi pandangan siswa yang hanya
menjadikan guru sebagai satu-satunya sumber
belgjar harus diubah. Siswa mulai berpikir
menjadikan apa yang ada disekitarnya sebagai
sumber belgjar. Siswa secara aktif dibiasakan
menerapkan konsep pembelgaran yang telah
diterimadi sekolah, untuk memecahkan masal ah-
masalah yang dihadapi saat ini (Kristiyono
2018).
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Orang tua sebagai salah satu stakeholder,
harus mendukung pula kemampuan berpikir
HOTS. Bagian dari proses sosialisasi, sekolah
mengadakan berbagai kegiatan bertema HOTS
yang mengundang keterlibatan orang tua siswa.
Mereka diberi informas tentang kemampuan
berpikir HOTS dan pentingnya bagi siswa saat
ini. Kegiatan yang dilakukan sekolah, bisa
berupa seminar, workshop, diskusi atau kegiatan-
kegiatan lainnya. Koordinasi antara sekolah
dengan orang tua siswa memang harus dilakukan
secara terpadu, dan terus menerus. Dengan ini,
tujuan  pendidikan  di sekolah  yang
mengembangkan kemampuan berpikir HOTS
dapat tercapai.

Unsur lain yang tidak kalah pentingnya
untuk  mendukung keberhasilan penerapan
kemampuan berpikir HOTS adalah fasilitas
sekolah, terutama perpustakaan. Zaman sekarang
perpustakaan memang banyak ditinggalkan
siswa. Banyak orang tidak memanfaatkan
perpustakaan dengan tepat, malas datang ke
perpustakaan untuk membaca. Siswa maupun
guru lebih suka mencari berbagai sumber
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informasi dari internet, sehingga keinginan dan
kemauan untuk membaca di perpustakaan
rendah. Dalam kaitan dengan upaya mendukung
keberhasilan pembelgaran HOTS, perpustakaan
wajib menyediakan berbagai buku yang bertema
HOTS yang bisa dipakai oleh siswa maupun
guru. Dengan membaca buku tentang HOTS,
siswa dan guru makin memahami tentang HOTS.
Ketersediaan buku ini, ditindaklanjuti dengan
berbagai program pembelgjaran yang
menggiatkan siswa untuk membaca, sebagai
bagian mendukung program literasi sekolah.
Unsur terakhir yang paling penting dan
merupakan ujung tombak perubahan
pembelgaran HOTS adalah guru. Dalam kaitan
pembelgjaran HOTS di sekolah, guru harus mau
mengubah  mindset  pembelgaran  yang
diterapkannya di sekolah. Pembelgaran yang
dahulu didominasi sistem monolog dan ceramah,
harus diubah dengan pola baru yang menggiatkan
potens dan kemampuan siswa secara optimal

dengan menerapkan kemampuan berpikir HOTS.

E. Design Tahapan Pembelajaran HOTS
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Guru harus mendesain pembelgjaran dan
penilaian HOTS ini dengan matang, dari tahapan
persiapan, pelaksanaan, dan evaluasi. Tahapan
persiapan, dimulai dengan pembuatan RPP yang
dirancang, dilaksanakan, dan dievaluas secara
terpadu. Pembuatan RPP dapat mengintegrasikan
prinsip-prinsip pembuatan RPP yang ditetapkan
dalam Permendikbud Nomor 22 Tahun 2013
dengan konsep literasi, pendidikan karakter,
HOTS, dan tuntutan pembelgaran abad XXI.
Integrasi dapat dituangkan pada penulisan
indikator, tujuan, kegiatan pendahuluan, kegiatan
inti, kegiatan penutup, dan penilaian.

Daam tahapan pelaksanaan pembel gjaran
HOTS, guru menerapkan model pembelagjaran
yang membiasakan siswa berpikir tingkat tinggi.
Istigomah (2018) menyebutkan ada beberapa
model pembelgjaran berpikir tingkat tinggi
(HOTS), yakni discovery (penemuan terbimbing)
dan inquiry (inkuiri, penyelidikan) (Kristiyono
2018). Pembelgaran discovery adalah proses
pembelgaran yang mendorong siswa
mengasimilasikan suatu konsep atau suatu
prinsip  dengan  bimbingan  dari  guru.
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Pembelgjaran discovery menempatkan guru
sebagal fasilitator, guru membimbing siswa
ketika diperlukan. Dalam model ini siswa
didorong untuk berpikir sendiri sehingga dapat
menemukan prinsip umum berdasarkan bahan
atau data yang telah disediakan guru. Sampai
seberapa jauh siswa dibimbing, tergantung
kemampuannya dan materi yang sedang
dipelgjari.

Tahapan evaluas dalam pembelgjaran
HOTS , dilakukan dengan membuat penilaian
kepada siswa yang mengukur kemampuan
berpikir tingkat tinggi yang dimilikinya
Pengukuran dilakukan terhadap kemampuan
berpikir yang tidak sekedar mengingat (recall),
menyatakan kembali (restate), atau merujuk
tanpa melakukan pengolahan (recite), melainkan
mengukur dimensi metakognitif yang
menggambarkan kemampuan menghubungkan
beberapa konsep yang berbeda,
menginterpretasikan, memecahkan masaah,
memilih strategi pemecahan masalah,
menemukan metode baru, berargumen dan

mengambil keputusan yang tepat.
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BAB 111
PENUTUP
A. Kesimpulan

Model pembelgaran adalah suatu
perencanaan atau suatu pola yang digunakan sebagal
pedoman dalam merencanakan pembelgjaran di kelas
atau pembelgaran dalam tutorial. Fungsi model
pembelgaran adalah sebagar pedoman bagi
perancang penggaran dan para guru dalam
melaksanakan pembelgjaran.  Pemilihan  model
pembelgaran sangat dipengaruhi oleh sifat dari
materi yang akan digjarkan, tujuan yang akan dicapal
dadam pembelgaran tersebut, serta tingkat
kemampuan peserta didik. Setiap model memerlukan
pengelolaan dan lingkungan belgar yang berbeda
Setiap pendekatan memberikan peran yang berbeda
kepada siswa, pada ruang fisik, dan pada sistem
sosia kelas.

Penggunaan media dalam pengajaran di kelas
merupakan sebuah kebutuhan yang tidak dapat
diabaikan. Hal ini dapat dipahami mengingat proses
belgar yang diadlami siswa tertumpu pada berbagai
kegiatan menambah ilmu dan wawasan untuk bekal
hidup di masa sekarang dan masa akan datang. Salah
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satu upaya yang harus ditempuh adalah bagaimana
menciptakan situas belgjar yang memungkinkan
terjadinya proses pengalaman belgjar pada diri siswa
dengan menggerakkan segala sumber belgjar dan cara
belgjar yang efektif dan efisien. Dalam hal ini, media
pengajaran merupakan salah satu pendukung yang
efektif dalam membantu terjadinya proses belgar.

Kemampuan berpikir tingkat tinggi (HOTS)
merupakan keterampilan berpikir yang mampu
membentuk anak tidak hanya sekedar meretens
pengetahuan, tetapi sudah pada level mentransfer.
Anak bisa menerapkan dan mempraktekkan
pengetahuannya untuk memecahkan masalah yang
dihadapinya saat ini, Kkhususnya tantangan
modernisasi dan globalisasi. Penergpan HOTS
memerlukan keterlibatan semua pihak di lingkungan
pendidikan, dan tidak hanya pada tataran konsep,
tetapi juga berupa praktek nyata. Dukungan terhadap
penerapan pembelgjaran HOTS dapat dilakukan
dengan menyediakan fasilitas yang mendukung. Guru
sebagai garda terdepan harus mampu menjadi
pendobrak perubahan, minimal dalam lingkup yang
bisa ditangani sendiri, seperti dalam perencanaan,
pel aksanaan, dan evaluasi pembelgjaran.
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Hipotetikal-Deduktif Berbantuan Virtual Reality Tema Ekosistem (Zoo-VR)”
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- Latar Belakang
Materi Desa Wi ° PR
pelajaransp [——>| Zoo-VR =2 — Tujuan Penelitian
Outreach | Cri.tlcalThmkmg
Strategi Skills (CTS) Tujuan khusus pada penelitian untuk mengembangkan
> :;zﬂg;m media virtual reality berbasis SHD yang layak, praktis,

dan efektif untuk mendorong CTS.

Gambar 1. Model Konseptual

Kebaharuan Penelitian

Kebaharuan penelitian yaitu dengan menggunakan
metode dan sistem simulasi kehidupan binatang berbasis
realitas virtual atau Zoo-VR.
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Penelitian ini gabungan antara penelitian
kualitatif dan  kuantitatif. Penelitian ini
menggunakan model ADDIE (analyze, design,
develop, implement, dan evaluate).
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1. Pengembangan Aplikasi VR-Zoo

Tahap pertama adalah menentukan data sumber,
kemudian tahap kedua pembuatan asset yang terdiri
dari modeling dan audio taping, kemudian tahap
ketiga yaitu assembly VR application. Tahapan
pengembangan aplikasi VR-Zoo ini.
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4. Keterampilan Papan Nama dan Deskripsi
Hewan Kelinci

Pada papan nama ini juga terdapat sebuah
kotak dialog (pop-up) untuk menampilkan
deskripsi dari setiap hewan yang dilengkapi
dengan suara narasi penjelasan.

2.. Desain Lanscape Area Kebun Binatang

Virtual (VR-Zo00)
Kebun binatang virtual dirancang dengan ukuran
dan skala yang dapat menampung 30 jenis hewan
dengan setiap jenis hewan menempati suatu
lokasi yang memiliki karakteristik habitat dari
hewan tersebut.
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5. Sesi Pengantar dengan Teknologi VR

Setiap siswa, diizinkan untuk
menggunakan headset VR Meta Quest 2
untuk menjelajahi dan terlibat dengan
habitat hewan virtual. kegiatan praktik
menggunakan VR dalam pembelajaran.
Kurikulum berbasis VR  mencakup
berbagai topik yang berkaitan dengan
hewan, seperti  habitat, gerakan,
karakteristik fisik, suara, dan penjelasan
teks yang menyertainya.
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3. Pengembangan Aplikasi VR-Zoo

Aplikasi virtual reality kebun binatang ini di buat
dengan mempertimbangkan ukuran, skala, dan
atribut-atribut lain seperti kontur permukaan
dan krakteristik lingkungan.

6. Praktik Menggunakan VR

Siswa menggambarkan karakteristik
hewan setelah terlibat dalam pengamatan
berbasis VR. Teknologi VR
memungkinkan siswa untuk
membenamkan diri di habitat hewan
virtual, sehingga memudahkan mereka
untuk mengamati dan memahami
karakteristik fisik dan perilaku hewan.
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1. Artikel diterima (Accepted) pada Jurnal Internasional Bereputasi (Q2).

LuUaran Tambhahan

Saran Rekomentdasi

Berkaitan dengan jumlah hewan
yang terdapat di dalam VR
sehingga menjadi media menjadi
lebih menarik dan meningkatkan
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