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ABSTRAK

Penelitian ini berjudul “Analisis Penggunaan Virtual Reality dalam Pembelajaran Sistem
Pernapasan: Tinjauan terhadap Keterampilan Berpikir Kritis dan Penguasaan Konsep
Siswa SMA”. Tujuan penelitian ini adalah untuk Tujuan penelitian ini untuk memperoleh
informasi mendalam mengenai penerapan media Virtual Reality (VR) sebagai upaya dalam
mengembangkan keterampilan berpikir kritis dan penguasaan konsep siswa dalam mempelajari
materi sistem pernapasan. Metode dari penelitian ini menggunakan penelitian deskriptif
dengan subjek penelitian siswa SMA kelas XI IPA yang menggunakan media VR dalam
pembelajaran PBL. Instrumen tes yang digunakan untuk mengukur Keterampilan berpikir
kritis siswa berupa soal uraian, dan soal pilihan ganda untuk mengukur pemahaman konsep
siswa. Instrumen non-tes berupa keterlaksanaan sintaks pembelajaran digunakan untuk menilai
kendala pembelajaran menggunakan media VR. Berdasarkan hasil temuan penelitian
menunjukkan terjadi perubahan negatif, ditandai dengan penurunan rata-rata nilai pretest ke
posttest. Adapun penguasaan konsep siswa pada materi sistem pernapasan menunjukkan
perubahan positif yang ditandai dengan peningkatan rata-rata nilai penguasaan konsep siswa.
Adapun kendala pembelajaran menggunakan media VR yaitu keterbatasan perangkat yang
dapat digunakan sehingga membatasi aksesibilitas dalam pembelajaran dan keterbatasan waktu
penggunaan VR jangka panjang dalam pembelajaran. Simpulan hasil penelitian menyatakan
penelitian ini menggambarkan perubahan positif dalam penguasaan konsep siswa setelah
menggunakan media Virtual Reality (VR) dalam proses pembelajaran sistem pernapasan. Akan
tetapi penggunaan media VR yang tidak terintegrasi dengan model pembelajaran, lembar kerja
siswa dan soal yang diujikan menggambarkan perubahan negatif dalam pengembangan
keterampilan berpikir kritis. Selain itu, ketersediaan perangkat yang dapat mempengaruhi
aksesibilitas penggunaan media VR, keterbatasan waktu menjadi kendala penerapan
penggunaan media VR dalam pembelajaran PBL.

Kata Kunci: virtual reality, keterampilan berpikir kritis, penguasaan konsep, materi sistem
pernapasan
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ABSTRACT

This research is entitled “Analysis of the Use of Virtual Reality in Learning the Respiratory
System: A Review of Critical Thinking Skills and Concept Mastery of High School Students”.
The purpose of this study is to obtain in-depth information about the application of Virtual
Reality (VR) media as an effort to develop critical thinking skills and mastery of students'
concepts in studying respiratory system material. The method of this research uses descriptive
research with the research subject of high school students in class XI IPA who use VR media
in PBL learning. The test instrument used to measure students' critical thinking skills is in the
form of description questions, and multiple-choice questions to measure students' concept
understanding. Non-test instruments in the form of learning syntax implementation are used to
assess learning constraints using VR media. Based on the research findings, there was a
negative change, characterized by a decrease in the average pretest to posttest scores. The
mastery of students' concepts on the material of the respiratory system shows a positive change
marked by an increase in the average value of students' concept mastery. The obstacles to
learning using VR media are the limitations of devices that can be used so as to limit
accessibility in learning and the limited time for long-term use of VR in learning. The
conclusion of the research results states that this study illustrates positive changes in students'
concept mastery after using Virtual Reality (VR) media in the learning process of the
respiratory system. However, the use of VR media that is not integrated with the learning
model, student worksheets and tested questions illustrates negative changes in the development
of critical thinking skills. In addition, the availability of devices that can affect the accessibility
of the use of VR media, limited time is an obstacle to the application of the use of VR media in
PBL learning.

Keywords: virtual reality (VR), critical thinking skills, concept mastery, respiratory
system material.

viii



DAFTAR ISI

LEMBAR PENGESAHAN ..ot i
PERNYATAAN ANTI PLAGIARISME ......oooiiiiiieiie e ii
KATA PENGANTAR et 0\
UCAPAN TERIMAKASIH ... v
ABSTRAK ettt ettt e e nbe e e re e vii
ABSTRACT e neas viii
DAFTAR ISH .. ettt s e et snbeenbe e snae e IX
DAFTAR TABEL ... Xii
DAFTAR LAMPIRAN ...t Xiv
BAB | PENDAHULUAN ...ttt 1

A. Latar Belakang Penelitian ..........c.cccoeveiiiiiiii i 1

B. Rumusan Masalah dan Pertanyaan Penelitian............ccccoovviiinnineniiinne 3

C. TUujuan PenelItIan ......cceeiuiiiiieiie ettt 3

D. Manfaat PENEITIAN .......ccocviiiiiiieeese s 4

BAB Il KAJIAN PUSTAKA VIRTUAL REALITY, KETERAMPILAN BERPIKIR

KRITIS, PENGUASAAN KONSEP DAN MATERI SISTEM PERNAPASAN......... 7
A, Virtual REAILY (WR) ..ooiiiie ettt 7
1. Jenis-Jenis Virtual Reality (VR).....ccccoiiiiiiiiiiiiieeeeee e 8

B. Keterampilan BerpiKir KritiS..........ccoooeiiiiiiiiiicc e 13
C. Penguasaan KONSEP.......uueiurieiiiiiiiieeniiieesiiee sttt e st e s e e snbeesnsneeens 19
1. Faktor-Faktor yang Mempengaruhi Penguasaan Konsep..........ccccceeveiunene. 20

2. Metode Pembelajaran untuk Meningkatkan Penguasaan Konsep................ 21

3. Pentingnya Penguasaan Konsep dalam Pembelajaran ..........c.ccccocvvennenns 22

4. Implikasi Penguasaan Konsep dalam Proses Pembelajaran............c..cc........ 23



D.  SiStEM PerNAPASAN.......ccuiiiieiieiie ettt e e e sreeenre e 24

BAB Il METODE PENELITIAN......ooiii e 26
A, DefiniSi OPErasioNal...........cccoiiiiiiiiiiiiee e 26
1. Virtual Reality (WR) c..coueeieiie ettt 26
2. Keterampilan berpikir Kritis ..o 26
3. Penguasaan KONSEP ......ccuueiiiiieiiiieiiie e sire st s et 26
B.  SUbJeK Penelitian..........ccoviiiiiieie e e 27
C. Metode Penelitian...........ccoriiiiiiiiiiiieeeee s 27
D. INStrumen Penelitian..........ccooiiiiiiiiieeeese e 27
1. JENIS INSTIUMEN ...ttt 27
2. Teknik Pengambilan Data ..........cccceviiiiiiiieiiieciec e 31
3. Pengembangan INStrUMEN .........c.coiviieiieii e 31
E.  Prosedur Penelitian...........cccooiiiiiiiiiieeesee e 45
1. Pra-penelitian.......ccccooeiiiiiiie e 45
2. Pelaksanaan Penelitian ...........ccccoiiiiiiiiiiiiee e 46
3. Pasca-PelakSanaan............ccocoiiiiiiiiieiee e 47
F. AU PeNelitian ........oovoiiiice e 48
G, ANALISIS DALA .....cveiieiiieiiie e 49

1. Pengolahan Data (Keterampilan Berpikir Kritis dan Penguasaan Konsep) .49

2. Pengolahan Data (Keterlaksanan Sintaks Pembelajaran).............cc.cccevvenien. 50
BAB IV TEMUAN DAN PEMBAHASAN ...ttt 71
AL TEIMUAN. ...t 71
1. Perubahan Keterampilan Berpikir Kritis Siswa Sesudah Pembelajaran ...... 71



2. Perubahan Penguasaan Konsep Siswa Sebelum dan Sesudah Pembelajaran.

73

3. Keterlaksanaan SINtakS. ... 77

B. PembanaSsan...........cooiiiiiiii e 80
1. Keterampilan BerpiKir KritiS........cocviiveiiiiiiiieie e 80

2. Penguasaan KONSEP SISWA ......ccciiiiriiieiienienie e siee et 84

3. Kendala Pembelajaran Menggunakan Media Virtual Reality (VR)............. 88
BABYV SIMPULAN, IMPLIKASI, DAN REKOMENDASI .......ccoooiiiiiiiieiieeiene 92
AL SIMPUIAN Lo 92

= TR 1001 0] 11T SR 92
C. REKOMENUAST ...t 93
DAFTAR PUSTAKA ettt nee s 95

Xi



DAFTAR TABEL

Tabel 2. 1 Indikator Keterampilan Berpikir KritiS...........ccoovviiiniiieienciineceeene 15
Tabel 3. 1 JeNIS INSIFUMEN ..ottt sne e 28
Tabel 3. 2 Kisi-kisi Soal Keterampilan Berpikir Kritis..........cccccoooeiiiiniininieiienn 28
Tabel 3. 3 Kisi-Kisi Soal Pilihan Ganda Penguasaan Konsep Materi Sistem
PEIMAPASAN. ..ottt 29
Tabel 3. 4 Lembar Observasi Keterlaksanaan Sintaks PBL ...........cccocoveiiieninnnnne. 30
Tabel 3. 5 Interpretasi Nilai Reliabilitas ...........cccooiieiiiiiiiie e 32
Tabel 3. 6 Interpretasi Nilai Validitas...........ccccooveiiiiiiiiiicc e 33
Tabel 3. 8 Interpretasi Nilai Tingkat Kesukaran............cccooevvviieiienieie s 34
Tabel 3. 9 Klasifikasi Kualitas BULir SOal............ccccooiiiiiininiiiee s 34
Tabel 3. 10 Rekapitulasi Hasil Uji Coba Soal Keterampilan Berpikir Kritis ............. 37
Tabel 3. 11 Interpretasi Nilai Reliabilitas .............ccccovviiiiiiii i, 39
Tabel 3. 12 Interpretasi Nilai Validitas...........ccccoveiveiiiiiiieiece e 40
Tabel 3. 13 Interpretasi Daya Pembeda Soal Penguasaan Konsep ..........cccccveeveivennne 41
Tabel 3. 14 Interpretasi Nilai Tingkat Kesukaran............cc.ccooviiiiiiinienineen 42
Tabel 3. 15 Klasifikasi Kualitas Butir SOal............cccoocviiiiiieiiinieicce e 43
Tabel 3. 16 Rekapitulasi Hasil Uji Coba Tes Penguasaan Konsep Siswa .................. 44
Tabel 3. 17 Prosedur Pelaksanaan Penelitian.............ccocoveiininiienenese e 46
Tabel 3. 18 Kategori Keterlaksanaan Pembelajaran ...........ccooevvveiiniieinncninncne 50

Tabel 4. 1 Rekapitulasi Hasil Uji Statistik Deskriptif Keterampilan Berpikir Kritis

SISWWA ..ttt bt bbbt e et neenne b 71
Tabel 4. 2 Rata-Rata Nilai Keterampilan Berpikir Kritis Siswa Berdasarkan Indikator
............................................................................................................................. 72
Tabel 4. 3 Rekapitulasi Analisis Penguasaan Konsep SISWa..........cccovererereneneeeenn 74

Tabel 4. 4 Persentase Jawaban Siswa Menjawab Benar Pada Soal Pretest dan Posttest
Berdasarkan Topik Sistem Pernapasan...........ccccoveieeieieeneeiieseesre e see e 75

Tabel 4. 5 Keterlaksanaan Sintaks Pembelajaran ..........c.ccocooevieieeiiiiciiicce e 77

Xii



DAFTAR GAMBAR

Gambar 2. 1 Penerapan permainan VR yang memberikan pengalaman bermain yang

sepenuhnya immersif kepada PeNgQUNA. ........ccovvririreninieee e 8
Gambar 3. 1 Diagram Alur Penelitian............ccooooiiiiiiiiiieeeeeee e 48
Gambar 4. 1 Perbedaan Rata-Rata Nilai Pretest Posttest Keterampilan Berpikir Kritis

ST 51 F PSR UTTPPR PRSPPI 72
Gambar 4. 2 Rata-Rata Nilai Keterampilan Berpikir Kritis Siswa Berdasarkan

INAIKALOT ... ettt nee s 73
Gambar 4. 3 Perbedaan Rata-Rata Nilai Penguasaan Konsep Siswa...........c.ccccoueenne.. 74
Gambar 4. 4 Rata-Rata Penguasaan Konsep Siswa Berdasarkan tiap Indikator......... 76
Gambar 4. 5 Penggunaan Media VR tidak Terintegrasi dengan PBL ...........c............ 82
Gambar 4. 6 VR Anatomi SiStem Pernapasan ..........cccceverererenieieeneneeseseeseseseens 85

Gambar 4. 7 Simulasi visual dari Model Spatio-Temporal Pertukaran Gas dalam
Alveolus Manusia (AIVIN) .......ooieieic e 87

Xiii



Lampiran 1.
Lampiran 2.
Lampiran 2.
Lampiran 3.

Lampiran 4.
Lampiran 4.
Lampiran 4.
Lampiran 4.
Lampiran 4.
Lampiran 4.
Lampiran 4.
Lampiran 4.
Lampiran 4.
Lampiran 5.
Lampiran 5.
Lampiran 6.
Lampiran 6.
Lampiran 7.
Lampiran 7.

Lampiran 7.

DAFTAR LAMPIRAN

1 Surat Izin Penelitian Pengambilan Data ..............ccoccveveiieieciieiienns 104
1 Rencana Pelaksanaan Pembelajaran (RPP) .........ccooeviiiieniinninnnn 106
2 Lembar Kerja Peserta DIidiK ...........ccooviiiniiiiiicccee 111
1 Tabel Spesifikasi Soal Uraian (Instrumen Keterampilan Berpikir Kritis)
................................................................................................................. 93
1 Hasil Uji Validitas Soal Keterampilan Berpikir Kritis...................... 129
2 Hasil Uji Reliabilitas Soal Keterampilan Berpikir Kritis .................. 129
3 Hasil Uji Daya Pembeda Soal Keterampilan Berpikir Kritis ............ 130
4 Hasil Uji Tingkat Kesukaran Soal Keterampilan Berpikir Kiritis...... 130
5 Hasil Uji Validitas Soal Pemahaman Konsep ..........cccccevvevveieinenne. 131
6 Hasil Uji Reliabilitas Soal Pemahaman Konsep .........c.ccocvviviennene 131
7 Hasil Uji Daya Pembeda Soal Pemahaman Konsep.........cccccocvevenee. 132
8 Hasil Uji Tingkat Kesukaran Soal Pemahaman Konsep .................. 133
9 Hasil Uji Efektivitas Distraktor Soal Pemahaman Konsep ............... 134
1 Tabulasi Nilai Pretest Keterampilan Berpikir Kritis Siswa............... 136
2 Tabulasi Nilai Posttest Keterampilan Berpikir Kritis Siswa ............. 137
1 Tabulasi Nilai Pretest Penguasaan Konsep Siswa...........cccccceveeinnne. 144
2 Nilai Posttest Penguasaan Konsep SiSWa ........ccccocveviveiieiiieesieesneenn, 145
1 Dokumentasi Pelaksanaan Pembelajaran ............cccocoveviveieniieniennns 149
2 Pengerjaan LKPD ..o 150
3 Pengerjaan Instrumen Penelitian ..o 153

Xiv



95

DAFTAR PUSTAKA

Alam, M. F., Katsikas, S., Beltramello, O., & Hadjiefthymiades, S. (2017). Augmented
and virtual reality based monitoring and safety system: A prototype IoT platform.
Journal of Network and Computer Applications, 89, 109-119.
https://doi.org/10.1016/j.jnca.2017.03.022

Alfadil, M. (2020). Effectiveness of virtual reality game in foreign language
vocabulary acquisition. Computers and Education, 153(March 2020), 103893.
https://doi.org/10.1016/j.compedu.2020.103893

Arikunto, S. (2010). Prosedur Penelitian (S. Arikunto (ed.)). Jakarta: Rineka Cipta.

Asrita, A., & Nurhilza, N. (2018). Students’ Critical Thinking Skills in Group
Discussion: The Case Study of Fifth Grade Students in Sukma Bangsa Bireuen
Elementary  School.  Sukma: Jurnal  Pendidikan, 2(1), 67-92.
https://doi.org/10.32533/02103.2018

Astutik, S., & Prahani, B. K. (2018). The Practicality and Effectiveness of
Collaborative Creativity Learning (CCL) Model by Using PhET Simulation to
Increase Students’ Scientific Creativity. International Journal of Instruction,
11(4), 409-424. https://doi.org/10.12973/iji.2018.11426a

Bailenson, J. N., Yee, N., Blascovich, J., Beall, A. C., Lundblad, N., & Jin, M. (2008).
The Use of Immersive Virtual Reality in the Learning Sciences: Digital
Transformations of Teachers, Students, and Social Context. Journal of the
Learning Sciences, 17(1), 102-141. https://doi.org/10.1080/10508400701793141

Bamodu, O., & Ye, X. M. (2013). Virtual reality and virtual reality system components.
Advanced Materials Research, 765-767, 1169-1172.
https://doi.org/10.4028/www.scientific.net/ AMR.765-767.1169

Bekele, M. K., Pierdicca, R., Frontoni, E., Malinverni, E. S., & Gain, J. (2018). A
Survey of Augmented, Virtual, and Mixed Reality for Cultural Heritage. Journal
on Computing and Cultural Heritage, 11(2), 1-36.
https://doi.org/10.1145/3145534

Belland, B. R. (2017). Instructional Scaffolding in STEM Education. In Instructional
Scaffolding in STEM Education. https://doi.org/10.1007/978-3-319-02565-0

Bertrand, P., Guegan, J., Robieux, L., McCall, C. A., & Zenasni, F. (2018). Learning
Empathy Through Virtual Reality: Multiple Strategies for Training Empathy-
Related Abilities Using Body Ownership Illusions in Embodied Virtual Reality.
Frontiers in Robotics and Al, 5. https://doi.org/10.3389/frobt.2018.00026

Bingol, O., & Komek, A. (2020). The effect of virtual reality applications on student
motivation in project-based learning. Turkish Online Journal of Distance
Education, 21(3), 58-72.

Bowman, D. A., & McMahan, R. P. (2007). Virtual Reality: How Much Immersion Is

Muhammad Naufal Daffa, 2024

ANALISIS PENGGUNAAN VIRTUAL REALITY DALAM PEMBELAJARAN SISTEM PERNAPASAN: TINJAUAN
TERHADAP KETERAMPILAN BERPIKIR KRITIS DAN PENGUASAAN KONSEP SISWA SMA

Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu



96

Enough? Computer, 40(7), 36—43. https://doi.org/10.1109/MC.2007.257

Bowman, D. A., McMahan, R. P., & Ragan, E. D. (2012). Questioning naturalism in
3D user interfaces. Communications of the ACM, 55(9), 78-88.
https://doi.org/10.1145/2330667.2330687

Bruner, J. S. (1960). The Process of Education. Harvard University Press.
https://doi.org/10.4159/9780674028999

Buttussi, F., & Chittaro, L. (2018). Effects of Different Types of Virtual Reality
Display on Presence and Learning in a Safety Training Scenario. IEEE
Transactions on Visualization and Computer Graphics, 24(2), 1063-1076.
https://doi.org/10.1109/TVCG.2017.2653117

Cartwright, W., & Peterson, M. P. (2007). Multimedia Cartography. In Multimedia
Cartography (pp. 1-10). Springer Berlin Heidelberg. https://doi.org/10.1007/978-
3-540-36651-5 1

Changwong, K., Sukkamart, A., & Sisan, B. (2018). Critical thinking skill
development: Analysis of a new learning management model for Thai high
schools. Journal of International Studies, 11(2), 37-48.
https://doi.org/10.14254/2071-8330.2018/11-2/3

Cox, C. (2003). The Use of Computer Graphics and Virtual Reality for Visual Impact
Assessments Table of Contents Acknowledgements. Director, May.

Daghestani, L. F. M. (2013). The Design, Implementation and Evaluation of a Desktop
Virtual Reality for Teaching Numeracy Concepts via Virtual Manipulatives.
School of Computing and Engineering, Doctor, 198.
http://eprints.hud.ac.uk/id/eprint/19037

Dalgarno, B., & Lee, M. J. W. (2010). What are the learning affordances of 3-D virtual
environments? British Journal of Educational Technology, 41(1), 10-32.
https://doi.org/10.1111/j.1467-8535.2009.01038.x

Eggen, P., & Kauchak, D. (2012). Strategies and Models Learning (Sixth Edit).

Ennis. (1985). Goals for a critical thinking curriculum. Developing Minds: A Resource
Book for Teaching Thinking. Alexandria, VA: Association for Supervision and
Curriculum Development, 68-72.

Ennis, R. (1989). Critical Thinking and Subject Specificity: Clarification and Needed
Research. Educational Researcher, 18(3), 4-10.
https://doi.org/10.3102/0013189X018003004

Ennis, R. (1991). Critical Thinking: A Streamlined Conception. Teaching Philosophy,
14:1, March 1991. All rights reserved. 0145-5788/91/1401-0005$1.00. Teaching
Philosophy,  14(1)(1), 5-24.  https://education.illinois.edu/docs/default-
source/faculty-documents/robert-ennis/ennisstreamlinedconception_002.pdf

Muhammad Naufal Daffa, 2024

ANALISIS PENGGUNAAN VIRTUAL REALITY DALAM PEMBELAJARAN SISTEM PERNAPASAN: TINJAUAN
TERHADAP KETERAMPILAN BERPIKIR KRITIS DAN PENGUASAAN KONSEP SISWA SMA

Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu



97

Eren, C. D., & Akinoglu, O. (2013). Effect of problem-based learning (PBL) on critical
thinking disposition in science education. Journal of Environmental Protection
and Ecology, 14(3 A), 1353-1361.

Fisher, A. (2001). Critical Thinking. An Introduction to Logic and Scientific Method.
The Journal of Philosophy, 44(13), 361. https://doi.org/10.2307/2019787

Fitriani, A., Prayogi, S., & Hidayat, S. (2015). Pengaruh Model Pembelajaran Predict,
Observe, Explain, Write (Poew) Terhadap Pemahaman Konsep Fisika Ditinjau
Dari Jenis Kelamin Kelas Xi Ipa Sma Negeri 1 Empang. Lensa: Jurnal
Kependidikan Fisika, 3(1), 227. https://doi.org/10.33394/j-Ikf.v3i1.335

Fowler, C. (2015). Virtual reality and learning: Where is the pedagogy? British Journal
of Educational Technology, 46(2), 412—-422. https://doi.org/10.1111/bjet.12135

Freina, L., & Ott, M. (2015). A Literature Review On Immersive Virtual Reality In
Education:  State Of The Art And  Perspective.  133-141.
https://doi.org/10.12753/2066-026X-15-020

Fuad, M. N., Zubaidah, S., Mahanal, S., & Suarsini, E. (2015). Profil Keterampilan
Berpikir Kritis dan Kreatif Siswa Serta Strategi Pembelajaran yang diterapkan
Guru SMP di Kabupaten Kediri. Prosiding Seminar Nasional Biologi / IPA Dan
Pembelajarannya, October, 807—815.

Fuchs, P., Moreau, G., & Guitton, P. (2011). Virtual reality: Concepts and
technologies. In  Virtual Reality: Concepts and  Technologies.
https://doi.org/10.1201/b11612

Gagné, R. M., Ausubel, D. P., & Gagne, R. M. (1969). Educational Psychology: A
Cognitive View. In American Educational Research Journal (Vol. 6, Issue 2, p.
287). https://doi.org/10.2307/1161899

Gal, 1., Grotlischen, A., Tout, D., & Kaiser, G. (2020). Numeracy, adult education, and
vulnerable adults: a critical view of a neglected field. ZDM, 52(3), 377-394.
https://doi.org/10.1007/s11858-020-01155-9

Gutiérrez-Maldonado, J., Wiederhold, B. K., & Riva, G. (2016). Future Directions:
How Virtual Reality Can Further Improve the Assessment and Treatment of
Eating Disorders and Obesity. Cyberpsychology, Behavior, and Social
Networking, 19(2), 148-153. https://doi.org/10.1089/cyber.2015.0412

Hanson, K., & Shelton, B. E. (2008). Design and development of virtual reality:
Analysis of challenges faced by educators. Educational Technology and Society,
11(1), 118-131.

Herreid, C. F. (2011). Case study teaching. New Directions for Teaching and Learning,
2011(128), 31-40. https://doi.org/10.1002/t1.466

Hmelo-Silver, C. E. (2004). Problem-Based Learning: What and How Do Students
Learn? Educational Psychology Review, 16(3), 235-266.

Muhammad Naufal Daffa, 2024

ANALISIS PENGGUNAAN VIRTUAL REALITY DALAM PEMBELAJARAN SISTEM PERNAPASAN: TINJAUAN
TERHADAP KETERAMPILAN BERPIKIR KRITIS DAN PENGUASAAN KONSEP SISWA SMA

Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu



98

https://doi.org/10.1023/B:EDPR.0000034022.16470.f3

Hofstein, A., & Lunetta, V. N. (2004). The laboratory in science education:
Foundations for the twenty-first century. Science Education, 88(1), 28-54.
https://doi.org/10.1002/sce.10106

Huang, H.-M., Rauch, U., & Liaw, S.-S. (2010). Investigating learners’ attitudes
toward virtual reality learning environments: Based on a constructivist approach.
Computers & Education, 55(3), 1171-1182.
https://doi.org/10.1016/j.compedu.2010.05.014

Hwang, G. J.,, Wu, P. H., Chen, C. C., & Tu, N. T. (2016). Effects of an augmented
reality-based educational game on students’ learning achievements and attitudes
in real-world observations. Interactive Learning Environments, 24(8), 1895
1906. https://doi.org/10.1080/10494820.2015.1057747

Jang, S., Vitale, J. M., Jyung, R. W., & Black, J. B. (2017). Direct manipulation is
better than passive viewing for learning anatomy in a three-dimensional virtual
reality ~ environment.  Computers &  Education, 106, 150-165.
https://doi.org/10.1016/j.compedu.2016.12.009

Jensen, L., & Konradsen, F. (2018). A review of the use of virtual reality head-mounted
displays in education and training. Education and Information Technologies,
23(4), 1515-1529. https://doi.org/10.1007/s10639-017-9676-0

Jonassen, D. H. (2010). Learning to Solve Problems. Routledge.
https://doi.org/10.4324/9780203847527

Kemendikbudristek. (2022). Salinan Keputusan Kepala Badan Standar, Kurikulum,
dan Asesmen Pendidikan, Kementerian Pendidikan, Kebudayaan, Riset, dan
Teknologi Nomor 008/H/KR/2022 Tentang Capaian Pembelajaran Pada
Pendidikan Anak Usia Dini Jenjang Pendidikan Dasar dan Jenjang Pendid. In
Kemendikbudristek (Issue 021).

Kirschner, P. A., Sweller, J., & Clark, R. E. (2006). Why Minimal Guidance During
Instruction Does Not Work: An Analysis of the Failure of Constructivist,
Discovery, Problem-Based, Experiential, and Inquiry-Based Teaching.
Educational Psychologist, 41(2), 75-86.
https://doi.org/10.1207/s15326985ep4102_1

Kurniawan, I. S. (2015). Implementasi Problem Based Learning Open Ended dalam
Meningkatkan Penguasaan Konsep dan Kemampuan Berpiki Kritis Siswa pada
Materi Sistem Sirkulasi pada Sekolah di Perkotaan dan di Pedesaan. UPI
Repository. http://repository.upi.edu/id/eprint/18507

Lanier, J. (2017). Dawn of the new everything: encounters with reality and virtual
reality (First Edit). Henry Holt and Company.
https://cmc.marmot.org/Record/.b57419243

Muhammad Naufal Daffa, 2024

ANALISIS PENGGUNAAN VIRTUAL REALITY DALAM PEMBELAJARAN SISTEM PERNAPASAN: TINJAUAN
TERHADAP KETERAMPILAN BERPIKIR KRITIS DAN PENGUASAAN KONSEP SISWA SMA

Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu



99

Lau, K. W., & Lee, P. Y. (2015). The use of virtual reality for creating unusual
environmental stimulation to motivate students to explore creative ideas.
Interactive Learning Environments, 23(1), 3-18.
https://doi.org/10.1080/10494820.2012.745426

LaViola, J. J. (2000). A discussion of cybersickness in virtual environments. ACM
SIGCHI Bulletin, 32(1), 47-56. https://doi.org/10.1145/333329.333344

Luck, M., & Aylett, R. (2000). Applying artificial intelligence to virtual reality:
Intelligent virtual environments. Applied Artificial Intelligence, 14(1), 3-32.
https://doi.org/10.1080/088395100117142

Makransky, G., Terkildsen, T. S., & Mayer, R. E. (2019). Adding immersive virtual
reality to a science lab simulation causes more presence but less learning.
Learning and Instruction, 60, 225-236.
https://doi.org/10.1016/j.learninstruc.2017.12.007

Malloy, K. M., & Milling, L. S. (2010). The effectiveness of virtual reality distraction
for pain reduction: A systematic review. Clinical Psychology Review, 30(8),
1011-1018. https://doi.org/10.1016/j.cpr.2010.07.001

Mayer, R. E. (2009). Multimedia Learning (2nd ed.). Cambridge University Press.
https://doi.org/DOI: 10.1017/CB09780511811678

Mayer, R. E., & Moreno, R. (2003). Nine Ways to Reduce Cognitive Load in
Multimedia  Learning.  Educational ~ Psychologist,  38(1), 43-52.
https://doi.org/10.1207/S15326985EP3801_6

McMahan, R. P., Bowman, D. A., Zielinski, D. J., & Brady, R. B. (2012). Evaluating
Display Fidelity and Interaction Fidelity in a Virtual Reality Game. IEEE
Transactions on Visualization and Computer Graphics, 18(4), 626-633.
https://doi.org/10.1109/TVCG.2012.43

Merchant, Z., Goetz, E. T., Cifuentes, L., Keeney-Kennicutt, W., & Davis, T. J. (2014).
Effectiveness of virtual reality-based instruction on students’ learning outcomes
in K-12 and higher education: A meta-analysis. Computers & Education, 70, 29—
40. https://doi.org/10.1016/j.compedu.2013.07.033

Michael, J., Modell, H., McFarland, J., & Cliff, W. (2009). The “core principles” of
physiology: what should students understand? Advances in Physiology Education,
33(1), 10-16. https://doi.org/10.1152/advan.90139.2008

Minner, D. D., Levy, A. J., & Century, J. (2010). Inquiry-based science instruction—
what is it and does it matter? Results from a research synthesis years 1984 to 2002.
Journal of Research in Science Teaching, 47(4), 474-496.
https://doi.org/10.1002/tea.20347

Modell, H. I., Michael, J. A., Adamson, T., & Horwitz, B. (2004). Enhancing active
learning in the student laboratory. American Journal of Physiology - Advances in

Muhammad Naufal Daffa, 2024

ANALISIS PENGGUNAAN VIRTUAL REALITY DALAM PEMBELAJARAN SISTEM PERNAPASAN: TINJAUAN
TERHADAP KETERAMPILAN BERPIKIR KRITIS DAN PENGUASAAN KONSEP SISWA SMA

Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu



100

Physiology Education, 28(3), 107-111.
https://doi.org/10.1152/advan.00049.2003

Muhanna, M. A. (2015). Virtual reality and the CAVE: Taxonomy, interaction
challenges and research directions. Journal of King Saud University - Computer
and Information Sciences, 27(3), 344-361.
https://doi.org/10.1016/j.jksuci.2014.03.023

Novak, J. D. (2010). Learning, Creating and Using Knowledge (\Vol. 0700).

Nugroho, P. B., Nusantara, T., As’ari, A. R., Sisworo, Hidayanto, E., & Susiswo.
(2018). Critical thinking disposition: Students skeptic in dealing with ill-logical
mathematics problem. International Journal of Instruction, 11(3), 635-648.
https://doi.org/10.12973/iji.2018.11343a

Papathanasiou, I., Kleisiaris, C., Fradelos, E., Kakou, K., & Kourkouta, L. (2014).
Critical Thinking: The Development of an Essential Skill for Nursing Students.
Acta Informatica Medica, 22(4), 283. https://doi.org/10.5455/aim.2014.22.283-
286

Pintrich, P. R., & De Groot, E. V. (1990). Motivational and self-regulated learning
components of classroom academic performance. Journal of Educational
Psychology, 82(1), 33-40. https://doi.org/10.1037/0022-0663.82.1.33

Pradana, S. D. S., Parno, P.,, & Handayanto, S. K. (2017). Pengembangan tes
kemampuan berpikir kritis pada materi Optik Geometri untuk mahasiswa Fisika.
Jurnal Penelitian Dan  Evaluasi Pendidikan,  21(1), 51-64.
https://doi.org/10.21831/pep.v21i1.13139

Putri, A. S., Widodo, A., & Rochintaniawati, D. (2019). Penggunaan Augmented
Reality untuk Memfasilitasi Perubahan Representasi Konseptual Siswa Tentang
Sistem Pernapasan. Jurnal Pelita Pendidikan, 7(1), 23-27.

Radianti, J., Majchrzak, T. A., Fromm, J., & Wohlgenannt, 1. (2020). A systematic
review of immersive virtual reality applications for higher education: Design
elements, lessons learned, and research agenda. Computers & Education, 147,
103778. https://doi.org/10.1016/j.compedu.2019.103778

Reigeluth, C. M., & Karnopp, J. R. (2020). Designing problem-based learning.
Handbook of Research on Transformative Digital Content and Learning
Technologies, 131-149.

Roussou, M. (2004). Learning by doing and learning through play. Computers in
Entertainment, 2(1), 10-10. https://doi.org/10.1145/973801.973818

Ruiz, J. G., Mintzer, M. J., & Leipzig, R. M. (2006). The Impact of E-Learning in
Medical Education. Academic Medicine, 81(3), 207-212.
https://doi.org/10.1097/00001888-200603000-00002

Savery, J. R. (2006). Overview of Problem-based Learning: Definitions and

Muhammad Naufal Daffa, 2024

ANALISIS PENGGUNAAN VIRTUAL REALITY DALAM PEMBELAJARAN SISTEM PERNAPASAN: TINJAUAN
TERHADAP KETERAMPILAN BERPIKIR KRITIS DAN PENGUASAAN KONSEP SISWA SMA

Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu



101

Distinctions. Interdisciplinary Journal of Problem-Based Learning, 1(1).
https://doi.org/10.7771/1541-5015.1002

Savin-Baden, M. (2004). Understanding the impact of assessment on students in
problem-based learning. Innovations in Education and Teaching International,
41(2), 221-233. https://doi.org/10.1080/1470329042000208729

Schindler, L. A., Burkholder, G. J., Morad, O. A., & Marsh, C. (2017). Computer-based
technology and student engagement: a critical review of the literature.
International Journal of Educational Technology in Higher Education, 14(1).
https://doi.org/10.1186/s41239-017-0063-0

Schmid, K., Knote, A., Miick, A., Pfeiffer, K., von Mammen, S., & Fischer, S. C.
(2021). Interactive, Visual Simulation of a Spatio-Temporal Model of Gas
Exchange in the Human Alveolus. Frontiers in Bioinformatics, 1(January), 1-14.
https://doi.org/10.3389/fhinf.2021.774300

Schmidt, H. G., Lloyens, S. M. M., Van Gog, T., & Paas, F. (2007). Problem-Based
Learning is Compatible with Human Cognitive Architecture: Commentary on
Kirschner, Sweller, and Clark (2006). Educational Psychologist, 42(2), 91-97.
https://doi.org/10.1080/00461520701263350

Sequeira, L. M., & Morgado, L. C. (2013). Virtual Archaeology in Second Life and
OpenSimulator.  Journal  For  Virtual Worlds  Research,  6(1).
https://doi.org/10.4101/jvwr.v6il.7047

Shulman, L. S. (1986). Knowledge Growth in Teaching. Educational Researcher,
15(2), 4-14. https://doi.org/10.2307/1175860

Slater, M., & Sanchez-Vives, M. V. (2016). Enhancing Our Lives with Immersive
Virtual Reality. Frontiers in Robotics and Al, 3.
https://doi.org/10.3389/frobt.2016.00074

Southgate, E., Smith, S. P., Cividino, C., Saxby, S., Kilham, J., Eather, G., Scevak, J.,
Summerville, D., Buchanan, R., & Bergin, C. (2019). Embedding immersive
virtual reality in classrooms: Ethical, organisational and educational lessons in
bridging research and practice. International Journal of Child-Computer
Interaction, 19, 19-29. https://doi.org/10.1016/j.ijcci.2018.10.002

Sukenti, E. (2021). Pengembangan Laboratorium Virtual Untuk Meningkatkan
Penguasaan Konsep Pada Materi Sistem Sirkulasi. Pedagonal: Jurnal Iimiah
Pendidikan, 05(April), 26-29. http://journal.unpak.ac.id/index.php/pedagonal

Sutherland, 1. E. (1968). A head-mounted three dimensional display. Proceedings of
the December 9-11, 1968, Fall Joint Computer Conference, Part | on - AFIPS '68
(Fall, Part I), 757. https://doi.org/10.1145/1476589.1476686

Sweller, J., van Merriénboer, J. J. G., & Paas, F. (2019). Cognitive Architecture and
Instructional Design: 20 Years Later. Educational Psychology Review, 31(2),

Muhammad Naufal Daffa, 2024

ANALISIS PENGGUNAAN VIRTUAL REALITY DALAM PEMBELAJARAN SISTEM PERNAPASAN: TINJAUAN
TERHADAP KETERAMPILAN BERPIKIR KRITIS DAN PENGUASAAN KONSEP SISWA SMA

Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu



102

261-292. https://doi.org/10.1007/s10648-019-09465-5
Thomas, J. W. (2000). a Review of Research on Project-Based Learning. Learning.

Tiruneh, D. T., De Cock, M., Weldeslassie, A. G., Elen, J., & Janssen, R. (2017).
Measuring Critical Thinking in Physics: Development and Validation of a Critical
Thinking Test in Electricity and Magnetism. International Journal of Science and
Mathematics Education, 15(4), 663-682. https://doi.org/10.1007/s10763-016-
9723-0

Vaughan, N., Gabrys, B., & Dubey, V. N. (2016). An overview of self-adaptive
technologies within virtual reality training. Computer Science Review, 22, 65-87.
https://doi.org/10.1016/j.cosrev.2016.09.001

Widoyoko, E. P. (2009). Evaluasi program pembelajaran : Panduan praktis bagi
pendidik dan calon pendidik / S. Eko Putro Widoyoko (Cet.9). Yogyakarta:
Pustaka Pelajar.

Witteveen-Lane, C. (2008). Interactive journey through the innerbody web site.
Journal of Consumer Health on the Internet, 12(4), 361-371.
https://doi.org/10.1080/15398280802451688

Youngblut, C. (1998). Educational uses of virtual reality technology (IDA Document
D-2128). Institute for Defense Analyses, January, 1-4.

Zainul, A., & Nasution, N. (2001). Penilaian Hasil Belajar.

Muhammad Naufal Daffa, 2024

ANALISIS PENGGUNAAN VIRTUAL REALITY DALAM PEMBELAJARAN SISTEM PERNAPASAN: TINJAUAN
TERHADAP KETERAMPILAN BERPIKIR KRITIS DAN PENGUASAAN KONSEP SISWA SMA

Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu



