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ABSTRACT

COMPARING THE EFFECTIVENESS OF VIRTUAL REALITY AND VIDEO
TRAINING IN ANATOMY EDUCATION FOR LAYPERSONS USING HRV
ANALYSIS

By

Darrient Aviel Irawan
Gerald Justin Goenawan, S.T., M.Sc, Advisor
Florence Ignatia Partowidjojo, S.T., M.Sc. Co-Advisor

SWISS GERMAN UNIVERSITY

This study aims to compare VR and video-based training methods in the context of
anatomy education for laypersons, focusing on physiological responses as measured
by heart rate variability (HRV). Thirty adult individuals were enrolled, having had no
previous medical or anatomical education, and were randomly assigned to either the
VR or video group, using stratified sampling to achieve demographic diversity. The
duplicate anatomical education content was presented to both sets using immersive
VR and conventional video modes. Knowledge gain was measured by pre- and
post-tests, and HRV metrics (RMSSD and LF/HF ratio) were obtained to evaluate
engagement and stress during training. The results revealed that, compared to the
video group, the VR group had a significantly greater increase in knowledge, as well
as significantly greater physiological engagement, as indicated by heart rate
variability (HRV) data. These results suggest that the use of VR for teaching anatomy
may lead to improved learning and satisfaction compared to traditional
non-interactive methods. The study will help shift educational practices to incorporate

immersive technology, thereby enhancing learner experience and outcomes.

Darrient Aviel Irawan



Comparing The Effectiveness Of Virtual Reality And Page 4 of 74
Video Training In Anatomy Education Using HRV Analysis

© Copyright 2025
by Darrient Aviel Irawan
All rights reserved

Darrient Aviel Irawan



Comparing The Effectiveness Of Virtual Reality And Page 5 of 74
Video Training In Anatomy Education Using HRV Analysis

DEDICATION

This thesis is respectfully dedicated to Swiss German University, an institution that
has provided me with the knowledge, guidance, and opportunities to grow

academically and professionally.

I also dedicate this work to my beloved country, Indonesia, with the hope that the
outcomes of this research may contribute, even in a small way, to the advancement of

education and technology in our nation.

Darrient Aviel Irawan



Comparing The Effectiveness Of Virtual Reality And Page 6 of 74
Video Training In Anatomy Education Using HRV Analysis

ACKNOWLEDGEMENTS

First and foremost, I would like to express my deepest gratitude to God Almighty for

the strength, patience, and guidance throughout the process of completing this thesis.

I extend my sincere thanks to my thesis advisors, Mr. Gerald Justin Goenawan and
Ms. Florence Ignatia, for their invaluable guidance, support, and constructive
feedback, which have been crucial in shaping the direction and quality of this

research.

I am also grateful to all the lecturers and academic staff of the Biomedical
Engineering, Life Sciences, and Technology program at the Swiss German University,
who have shared their knowledge and provided continuous support throughout my

educational journey.

Special thanks to the participants who took part in this study. Without their

willingness and enthusiasm, this research would not have been possible.

I would also like to acknowledge my fellow students and friends, especially
Benedetta, Catalina, Daniel, and Marcell, for their encouragement, insightful
discussions, and shared moments that made this journey less daunting and more

meaningful.

Lastly, I am eternally grateful to my beloved family, my parents, siblings, and
everyone who has supported me unconditionally with their prayers, love, and

motivation. Your support has been my greatest strength.

This thesis is a product not only of my efforts but also of the support and

encouragement of many individuals. Thank you.

Darrient Aviel Irawan



Comparing The Effectiveness Of Virtual Reality And Page 7 of 74
Video Training In Anatomy Education Using HRV Analysis
TABLE OF CONTENTS
Page
STATEMENT BY THE AUTHOR........ccouiniiuinnicensnecsnnsncssecsnsssesssecsssssnssssessesessae 2
ABSTRACT 3
........................................................................................................................................ 5
DEDICATION . ..uuiiiiiiisneceisncssecsanssnsssessssssesssessasssassssssssssessssssasssessssssssssessssssasssssssesss 5
ACKNOWLEDGEMENTS.....ccoiinininninnnsicssiiseesesssecsassseesssesssssesssessssssssssessssssasssees 6
TABLE OF CONTENTS 7
LIST OF FIGURES 9
CHAPTER 1 - INTRODUCTION.....ccovuiruiisuinrensaecsaecsasssncsaessasssecsssssasssessssssassssesseses 10
L. 1.BaCKGIroUNd. .....c.oiiiiiiiiiiiiiicec e 10
1.2. Research Problems.......c..cooiiiiiiiiiiiiniiiieiececeeeeetee e 10
1.3. ReSearch ODJECtIVES. ....cc.eevuirieriiiiieiieniieieetes ettt 11
1.4. Significance of StUAY.........coceeviiriiiiiiiiic e 11
1.5. Research QUESHIONS. .......cccuiiieiiiieeiieeciie ettt e e e e e e eaaeeeaeeeeaaee e 11
1.6, HYPOLNESIS. . ..eeiieeiiieiie ettt ettt ettt et e s 12
CHAPTER 2 - LITERATURE REVIEW......cuiniininsensninsenssecsacsesssecssessesssees 13
2.1. Medical education for laypersons. ..........ccecueeiuieniieiienieeiieeee e 13
2.2. VR in Medical EQUCAtIoN..........cocuivuieiiiiiniiiienicicciceeceececeec e 13
2.2.1. Anatomical Learning:..........cccocueeiieniieiiieniieiie ettt 14
2.3.Video-Based Learning in Medical Education...........c..cceceevienieninicncnncnnenne. 15
2.4 Comparative Effect: Virtual Reality vs. Video for Anatomy Education.......... 16
2.4.1.VidE0 TTaINING.....ccvieiuiieiieeiie ettt ettt ettt et e st e bt eseaeesneesaeeas 16
2.4.2.VR TIAINING. c..eeiuiieiieiiieiie ettt ettt ettt e it e e e saeeeneeas 16
2.4.3. Advantages of VR in Anatomy Education.............c.cceevieiinninniennnne 16
2.4.3. Advantages of Video-Based Learning............cccccceevieeiiienieiiieenieeieenee. 17
2.4.4. Comparative StUAIES. ......cecueereieriieiieeieeeiee ettt bee e e 18
2.4.5. Impact of 360°/VR vs 2D Videos on Engagement in Anatomy
EdUCAtION. ...ttt 18
2.5. Challenges and Limitations of Virtual Reality and Video-Based Training in
Anatomy EdUCAtION.........ooiiiiiiiiiiiiiee e e 19
2.5.1. Challenges and Limitations of VR in Anatomy Education.................... 19
2.5.2. Challenges and Limitations of Video in Anatomy Education................ 20
2.6.Heart Rate Variability..........ccoeeouiiiiiiieciie et 22
2.6.1. Relevant HRV MEtIICS....c..ooieriiiiiniiiiciiniciecceeeeeeeee e 23
2.7. Heart Rate Variability In VR........ccoioiiiiiiieeee e 23
2.8.X120 M1 Band 4.......ccoooiiiiiiiiiiiiceee e 24
2.9 Physiological Adaptation in Virtual Reality (VR) Based Learning................. 25

Darrient Aviel Irawan



Comparing The Effectiveness Of Virtual Reality And Page 8 of 74
Video Training In Anatomy Education Using HRV Analysis

CHAPTER 3 — RESEARCH METHODS........coccevivnnnunnuinninnesecsessessesssssasssssscnens 26
3.1.Materials and EQUIPMENL........c.cceocuiiiiiiiiiiieeiieieee e 26
3.2.VenUE & TIME......eoiiiiiiiiiiiiicceeeee et 26
3.3.Research Framework..........ccoceviiiiiiiiniiiiiiceeeeceeeee e 27
3.4.Data COllECHION. ....ciiiiiiiiiiieieeteeee ettt 27

3.4.1. Simulation Preparation.............cceecueereeriieniienie e 27
3.4.2. Participants and Data Collection Method...........cccccoceeviiiiniineniencnnene 28
3.4.3. Data TaKINgG.....cceeeiiieiieeiieiie ettt ettt et s 29
3.5 Analytical Method..........ccoiiiiiiiiiii e 31
3.5 L KUDIOS. ..t 31
3.5.2. Pre-test and Post-test Data Analysis........cccceecuerienernienieneeicneeneneeees 32
3.5.3. HRV Data Analysis: RMSSD and LF/HF...........cccccccoiiniininiiie. 33
3.5.4 Data Visualization and Interpretation.............coceeveevveneenenicneeneneeneenn 34

CHAPTER 4 — RESULTS AND DISCUSSIONS.....ccovininruinsunsensaecsanssecsascsaessessae 35
4.1.Initial Evaluation...........ccooiiiiiiiiiiiiece et 35
4.2.Dat2 ANALYSIS....uieitiiiiieiieeie ettt ettt sttt e e et esaeeens 36

4.2.1. RMSSD Analysis in Session 1 (VR and Video).........ccccceeviveiiienirnncene 37
4.2.2 LF/HF Ratio Analysis in Session 1 (VR and Video).........cccceeevereennnene 39
4.2.3. RMSSD Analysis on Duplo Sessions (VR and Video)........c..ccoceeeuennee 42
4.2.4. LF/HF Ratio Analysis in Duplo Sessions (VR and Video).................... 44
4.2.5 Comparison of Learning Effectiveness between VR and Video Based on

Pre-Test, Post-Test 1, and Post-Test 2 SCOTES......ccovuviiiieeeeieeeieeeeeeeeee e, 46
4.2.6 Comparison of Learning Effectiveness between VR and Video Based on

Pre-Test, Post-Test 1, and Post-Test 2 SCOres..........coceevieriiienieniienieeieeee, 50

CHAPTER 5 — CONCLUSIONS AND RECOMMENDATIONS.......ccceceeuesueennee 52
5. L.CONCIUSIONS. ...ttt ettt ettt ettt e et e et e eate e b e enseenees 52
5.2.ReCOMMENAALIONS. ........eeiiiiiiieriieeiie ettt ettt et eebe b e eneeenes 53

LCT 10 1517 Y 5 56

REFERENCES 58

CURRICULUM VITAE.....uuuuiiuicrirenninseisenssecssissasssnsssssssssssssssssassssssssssassssssssssssss 64

APPENDICES.....ucitiiiininsnicnnsinssncsnssesssecsssssecssessssssesssssssssssssssssssssesssssssssssssssssssssess 65
F Y o] 01T T [ NPT 65
F Y o] o =T T [ = FE PP 69
APPENAIX Co.ooe 72

Darrient Aviel Irawan



Comparing The Effectiveness Of Virtual Reality And Page 9 of 74
Video Training In Anatomy Education Using HRV Analysis

LIST OF FIGURES
Figures Page
Figure 2.1 2D vs. 360° video engagement SCOTES........ceruuerueerueenueeriienieeieeereenieesaeeas 19
Figure 2.2 Heart Rate...........ueiiiiiiii e 23
Figure 3.1 Data TaKiNg........cccoeviiieiiiiiieeiieeie ettt ettt sve e e e ens 30
Figure 3.2 FIOWCRAIT.......cccoiiiiiiiieiiee ettt 31
Figure 3.3 Kubios Software Interface.............cccccoiiiiiiiiii e 31
Figure 4.1 RMSSD VR and Video 1........cccuieiiiiiiiiiiiiieieeceeeeee e 37
Figure 4.2 LF/HF VR and VIideo L.......ccccoooviiiiiiniiiiieciiceeceeeeee e 40
Figure 4.3 RMSSD VR and Video Duplo.........cccoeviiiiieiiniiiiecieccceeeee e 42
Figure 4.4 LF/HF VR and Video DUplo.........ccccocvieviiiiiieiieeiieieeeie e 44
Figure 4.5 Pretest, Posttest 1, Posttest Duplo VR, and Video Comparison............... 48
Code A.1. Mann-Whitney Test on RMSSD First Session........ccccccevveevieeenveeenveeennen. 65
Code A.2. Mann-Whitney Test on RMSSD Duplo Session.........cccceeevveerieecnveeennnn. 66
Code A.3. Mann-Whitney Test on LF/HF First Session.........cccccoeveveerciieiniieecnieeeneen. 66
Code A.4. Mann-Whitney Test on LF/HFDuplo Session.........c.ccccccvveeiieenieeecieennneen. 67
Code A.5. Anova and Post Hoc Analysis pretest, posttest 1, posttest 2.................... 68
Test B.1. Question of Pretest, Posttest 1, and Posttest 2.............cccoevieeiiiiiieieiiieeeenns 71
Table C.1. RMSSD Data........c.coieiieieiieieeieeieie et sneens 72
Table C.2.LF/HF Data........c.ccceeiieiiieieriieie ettt ettt se e neeens 73
Table C.3. TSt Data.......ccccuiiiiiieciiieciie ettt e re e e sare e s e e e enaeeenns 74

Darrient Aviel Irawan



	ABSTRACT 
	​​ 
	DEDICATION 
	 
	ACKNOWLEDGEMENTS 
	TABLE OF CONTENTS 
	LIST OF FIGURES 

