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ABSTRACT

DEVELOPING AN ALGORITHM TO ASSESS MENTAL HEALTH RESILIENCE IN
VR-INDUCED STRESS USING HRV MONITORING

By

Marcell Joshua Djohar
Gerald Justin Goenawan, S.T., M.Sc, Advisor

Florence Ignatia Partowidjojo, S.T., M.Sc. Co-Advisor

SWISS GERMAN UNIVERSITY

This research aimed to develop a scoring method to assess stress levels and reinterpret
the results to reflect mental health resilience using heart rate variability (HRV)
metrics. The study was conducted by exposing participants to three sequential
phases—calm, easy, and hard—through a VR-based simulation while recording ECG
data. Four selected HRV metrics (RMSSD, SDNN, HF Power, and LF/HF Ratio) were
normalized, weighted based on their correlation with mean R-R Interval values
between stress states, and used to generate a composite stress score for each phase.
RMSSD weighted 37.09%, LF/HF Ratio weighted 23.49%, SDNN weighted 31.14%,
and HF Power weighted 8.27%. The comparison between the easy and hard phases
from each metric provided insight into the magnitude of the stress response, while the
hard-to-calm transition revealed recovery speed. The Calm State is compared against
the participant’s Brief Resilience Scale test results as it showed significant changes
from the previous hard state with a Wilcoxon Signed-Rank test P value of 9.64 x 10°°.
The proposed method offers an objective, time-efficient way to track stress and
resilience, supporting future real-time physiological monitoring systems.

Keywords: Mental Health Resilience, HRV, Virtual Reality, RMSSD, SD2/SD1 Ratio

Marcell Joshua Djohar



DEVELOPING AN ALGORITHM TO ASSESS MENTAL HEALTH RESILIENCE Page 4 of 66
IN VR-INDUCED STRESS USING HRV MONITORING

© Copyright 2025
by Marcell Joshua Djohar
All rights reserved

Marcell Joshua Djohar



DEVELOPING AN ALGORITHM TO ASSESS MENTAL HEALTH RESILIENCE Page 5 of 66
IN VR-INDUCED STRESS USING HRV MONITORING

DEDICATION

I dedicate this work to the progress of mental health research and medical technology.

Marcell Joshua Djohar



DEVELOPING AN ALGORITHM TO ASSESS MENTAL HEALTH RESILIENCE Page 6 of 66
IN VR-INDUCED STRESS USING HRV MONITORING

ACKNOWLEDGEMENTS

First and foremost, I would like to thank the Almighty God; His guidance and
blessings have been my pillar throughout this journey. To my family, I thank you for
your never-ending support, love, and encouragement, which carried me through this

challenge. They have inspired me and believed in me.

My deepest appreciation also goes to Mr. Gerald Justin Goenawan, S.T., B.Eng, my
thesis advisor, for being so kind with his guidance, patience, and feedback. His

mentorship has greatly contributed to this research work.

Thanks to Ms. Florence Ignatia P, S.T., B.Eng, MSc., my co-advisor, for all the help,
constructive recommendations, and insightful input that considerably improved my

work.

This thesis would be impossible without all of you.

Marcell Joshua Djohar



DEVELOPING AN ALGORITHM TO ASSESS MENTAL HEALTH RESILIENCE Page 7 of 66
IN VR-INDUCED STRESS USING HRV MONITORING

TABLE OF CONTENTS

Page

STATEMENT BY THE AUTHOR........ccouiiruinersinuisensaissnnssessscssasssssassssssssssssssess 2

ABSTRACT 3

DEDICATION S

........................................................................................................................................ 5

ACKNOWLEDGEMENTS.....ccuiiiitinenninsaicsensesssissssssesssssssssssssssssssssssssssssssssssssssssss 6

LIST OF FIGURES......couiriiiitineisinsnissenssisssissesssssssissssssssssssssssssssssssssssssssssssssassssssn 9

CHAPTER 1 - INTRODUCTION.....cccvrruirrunssensuisserssesssnssassessasssssssessassssssssssassssssn 12

1.1.Back@round........cccueveiuiieiiieeieeee et e e 12

1.2. Research Problems........ooueiiiiiiiiieiiieieccee e 12

1.3. ReSEArCh ODJECHIVES. ....uvieeiiieeiiieeiiee et estee et re e et eetee e e e e sebeeeenseeens 13

1.4, Significance of StUAY.......ccueieiiiieiiiece e 13

1.5. Research QUEStIONS. ........uviiiieiiiieecciiie ettt eeaaae e e e 13

1.6, HYPOtNESES. ...ueiiieiiieeiiie ettt ettt e e e et e b e e e aaeeenseeenneeens 14

CHAPTER 2 - LITERATURE REVIEW......ccuiiniiniinsnicnseisssisssessssssssasssssossesssasess 15

2.1 Stress and Emotional RESponses..........ccocvvieeiiieiiieeniieeiie e 15

2.2 Mental Health Resi1li€ncCe...........coouiiiiiiiiiiiiiiiiiiecceeceeeeee e 15

2.3 Heart Rate Variability (HRV) as a Measure of Stress.........ccoecvvveeieeecieeennens 16

2.4 HRV Metrics for Stress and Resilience Analysis........cccceecvveerciieenciieinieennieenns 17

2.4.1 BASIC MEITICS. c.uueeiuiieiieeiiieiie ettt st st 17

2.5 Virtual Reality (VR) as a Stress-Induction Tool..........ccccceeveviieriieiniiieinieeeen. 23

2.5.1 “Keep Talking and Nobody Explodes”.........ccccoevvieriiiencieeniieeiieeen 24

2.6 The Benefits of HRV-Based Stress and Resilience Analysis..........ccccecuveeneee. 24

2.7 The Limitations of Self-Reported Resilience Measures in Stress Research.... 25

2.8 Factors Influencing HRV .........c.oooiiiiiiiiceceeeeee e 26

CHAPTER 3 — RESEARCH METHODS.......cccoceninruinrinnuinsnnssensaessanssesssessassasssessns 27
3.1 Materials and Equipment

The following materials and equipment were used in the experiment................... 27

3.2 Venue, Time, and PartiCIpants............cccueerueerieeniienieeiiesie e 27

3.4 Research Framework.........cooooiiiiiiiiiii e 28

3.5 Data COllECHION. .. ..eeutieeiiieiie ettt ettt ettt sttt e esete e aee e 28

3.5.1 Preparation for the Simulation..........cccceceriiviniiininiiniineeiceceeeee 28

3.5.2 Data Collection Method.............ccoouieiiiiniiiiiiinie e 29

3.6 Analytical Method...........cooiiiiiiiiiiiiicieeee e 30

3.6.1 Data ACQUISTHION. ¢ ..ecvtitieiieriieieeteett ettt 30

Marcell Joshua Djohar



DEVELOPING AN ALGORITHM TO ASSESS MENTAL HEALTH RESILIENCE Page 8 of 66
IN VR-INDUCED STRESS USING HRV MONITORING

3.6.2 Data PrOCESSING....ccuvvieeiiieeeiiieeiiieeieeeiteeeriteeereeeateeeaeeeeaeeeereeesnneeennnes 31

3.6.3 Stress Scale Design and ANalysiS........ccccveeecieercieeeniieeriee e eiee e 32

3.6.4 Mental Health Resilience Framework...........cc.cooceeiiiiiiiniiniinnnnee 32
CHAPTER 4 — RESULTS 33
4.1 Identification of Stress-Related HRV Metrics.........coevvieeiiieniieeniieeiieeieeene 33
4.1.1 Key HRV Metrics fOr Stress....coouiimniiiniiiiniieeiie e 33

4.2 Data Pre-Processing and Normalization for Stress Scale..........cccccceevevveennenn. 35

4.3 Weight Assignment Through Correlation Analysis........c.cccccveeevveeeciieencneeennne. 35
4.4 Construction of the Stress Scale and Resilience IndeX...........cccoeevveveiveenneenn. 41

4.5 Validation Using Calm Phase and BRS Comparison...........ccceeeveeevveerneeennee. 43
4.6 Interpreting the Stress Scale as a Resilience Mirror...........cccoeeevveeeieeenveeennnn. 45
CHAPTER 5 — CONCLUSION...uucevtisinsuissensaessanssesssesssmssessssssssssesssssssssssssasssssssssss 46
5.1 CONCIUSION. ....eviieiiiieciiieeeiee ettt ettt e et e e e e aeesteeeeaeeesnseeessseeesseeesseesnnneas 46
5.2 ReCOMMENAALIONS. .....cccuiiieiiieeiiieeiieeeieeeeite e et e e e e e eaeeesaeeessaeeeseaeeesaeesnneeas 47
REFERENCES.......couiiiniininninsninenssissenssesssisssssssssssssssssssssssssssssssssssssssssssssssssassssssss 48
APPENDICES.....cuuiitiiiininninsensinssissasssesssisssissesssissssssssssssssssssssssssssssssssssssssssssssssssss 50
F N 08157 116 QR S USSP 50
APPEIAIX 4.5 ittt e et e et e et e e et e e et aeennbaeennbaeenree s 56

F N 0] 81S) 116 G 2 USRS 58
APPENAIX B e e e s 60

F N 078157 116 S SRR STR 62

Marcell Joshua Djohar



DEVELOPING AN ALGORITHM TO ASSESS MENTAL HEALTH RESILIENCE Page 9 of 66
IN VR-INDUCED STRESS USING HRV MONITORING

LIST OF FIGURES

Figures Page
STATEMENT BY THE AUTHOR........ccouiiruinersinuisensaissnnssessscssasssssassssssssssssssess 2
ABSTRACT 3
DEDICATION S
........................................................................................................................................ 5
ACKNOWLEDGEMENTS.....ccuiiiitinenninsaicsensesssissssssesssssssssssssssssssssssssssssssssssssssssss 6
LIST OF FIGURES......couiriiiitineisinsnissenssisssissesssssssissssssssssssssssssssssssssssssssssssssassssssn 9
CHAPTER 1 - INTRODUCTION.....cccvrruirrunssensuisserssesssnssassessasssssssessassssssssssassssssn 12
1.1.Back@round........cccueveiuiieiiieeieeee et e e 12
1.2. Research Problems........ooueiiiiiiiiieiiieieccee e 12
1.3. ReSEArCh ODJECHIVES. ....uvieeiiieeiiieeiiee et estee et re e et eetee e e e e sebeeeenseeens 13
1.4, Significance of StUAY.......ccueieiiiieiiiece e 13
1.5. Research QUEStIONS. ........uviiiieiiiieecciiie ettt eeaaae e e e 13
1.6, HYPOtNESES. ...ueiiieiiieeiiie ettt ettt e e e et e b e e e aaeeenseeenneeens 14
CHAPTER 2 - LITERATURE REVIEW......cuuininninsnissensissanssesssessssssssssssssees 15
2.1 Stress and Emotional RESponses..........ccocvvieeiiieiiieeniieeiie e 15
2.2 Mental Health Resi1li€ncCe...........coouiiiiiiiiiiiiiiiiiiecceeceeeeee e 15
2.3 Heart Rate Variability (HRV) as a Measure of Stress.........ccoecvvveeieeecieeennens 16
2.4 HRV Metrics for Stress and Resilience Analysis........cccceecvveerciieenciieinieennieenns 17
2.4.1 BASIC MEITICS. c.uueeiuiieiieeiiieiie ettt st st 17
Graph 2.4.3.1 Poincaré plot example...........cccecveervieercieencieeeniennns 22
2.5 Virtual Reality (VR) as a Stress-Induction Tool..........cccceevevieiniiiiniiieiiieeeen. 23
2.5.1 “Keep Talking and Nobody Explodes”.........ccccoevvieriieencieenieeiieeeen 24
2.6 The Benefits of HRV-Based Stress and Resilience Analysis.........ccccceeuveneee. 24
2.7 The Limitations of Self-Reported Resilience Measures in Stress Research.... 25
2.8 Factors Influencing HRV .........ccccooiiiiiiiiiceeeeeeeeee e 26
CHAPTER 3 — RESEARCH METHODS.......ccccceninruinrensensurssensaessanssessacsssssasssnssns 27

3.1 Materials and Equipment
The following materials and equipment were used in the experiment................... 27
3.2 Venue, Time, and PartiCIpants............cocueerueeriienieenieeieesie et 27
3.4 Research Framework.........oocooiiiiiiiiii e 28
3.5 Data COlLECHION. .. ..eeuiieeiiieiie ettt ettt sttt st e sete e e 28
3.5.1 Preparation for the SImulation..........cccceceeviiviniiininniniinieeeeeeeee 28
Figure 3.5.1 Test Subject during the experiment............cccceceenenee. 29
3.5.2 Data Collection Method...........ccceeeiiieiiiieiiiecieece e 29

Marcell Joshua Djohar



DEVELOPING AN ALGORITHM TO ASSESS MENTAL HEALTH RESILIENCE Page 10 of 66
IN VR-INDUCED STRESS USING HRV MONITORING

Figure 3.5.2 Data Collection Methodology.........c.cccccveeevveernnnnnee. 30

3.6 Analytical Method...........cooouiiieiiiiiiicceece e 30
3.6.1 Data ACQUISTHION. .....eeiirieeriieeriieeiiee et e eireeeireesteeesreeeesaeeesreesnereesnneeas 30

3.6.2 Data PrOCESSING....ccuvveieeiieeiiieeiiieeiteeetee et e etaeeeareeeaeeesaeeeenbeeeenaeeennns 31

Figure 3.6.2 Data Processing Methodology...........cccceevvuveennnnnnee. 32

3.6.3 Stress Scale Design and ANalysisS........ccccveercieeriiieeniiieeniee e eiee e 32

3.6.4 Mental Health Resilience Framework...........c.ccoocvveeviieiniieeniiecieeeen 32
CHAPTER 4 - RESULTS 33
4.1 Identification of Stress-Related HRV Metrics........oeevvveeiiienciieeniieciieeieeens 33
4.1.1 Key HRV Metrics fOr Stress....couuimiiiniiiiniieeeiieeeiee e eevee e e 33

Table 4.1.1 Shapiro-Wilk Test for Metrics..........ccceevevieercieeenieenns 33

4.2 Data Pre-Processing and Normalization for Stress Scale..........c.cccceevevveennnnn. 35

4.3 Weight Assignment Through Correlation Analysis........c.cccccvveevieeeiieencneeennee. 35
Graph 4.3.1 Mean R-R Interval Box Plot..........cccccoeveiviiniieinnnnne 36

Table 4.3.2 Weight Correlation with each Metric............ccceeuuenn. 37

Table 4.3.3 Stress Scale Participant Distribution........................... 37

4.4 Construction of the Stress Scale and Resilience IndeX..........cccceeevveviviennnenn. 41
Table 4.4.1 Weight Distribution............cccccveeeviieniieeniieeriie e 41

Graph 4.4.2 Participant’s Magnitude Distribution Graph.............. 43

4.5 Validation Using Calm Phase and BRS Comparison............ccceeeveeeriveennneennee. 43
Graph 4.5.1 Hard vs Calm Mean R-R Interval Graph.................... 44

4.6 Interpreting the Stress Scale as a Resilience Mirror...........cccoeeevveerieeenveeennnn. 45
CHAPTER 5 — CONCLUSION...uuiiviisensuissenssesssnssssssnsssssssssssssssssessssssssssassssssssssssss 46
5.1 CONCIUSION. ...ttt ettt ettt e b e st e b 46
5.2 RecOMMENdAtIONS. ....c..eiiuiiiiiiiieeieeiie ettt ettt e 47
REFERENCES.......couiiiitiinninsnisenssissenssesssissssssssssssssssssssssssssssssssssssssssssssssssssssssssns 48
APPENDICES.....cuuiitiiiirinninensinssissnsssesssissssssssssisssssssssssssssssssssssssssssssssssssssssssssssess 50
F N 08157 116 QR S USSP 50

Graph 4.1.1abcdef. RMSSD Easy/Hard/Calm (a) Non-Logged, (b)
Logged, Easy vs Hard (c) Non-Logged, (d) Logged, and Hard vs
Calm (e) Non-Logged, (f) Logged.......ccceeovvveeviieniieeeieeeiee e 50
Graph 4.1.2abcdef. LF/HF Ratio Easy/Hard/Calm (a) Non-Logged,
(b) Logged, Easy vs Hard (c) Non-Logged, (d) Logged, and Hard
vs Calm (e) Non-Logged, (f) Logged........cceevvviieiiiniiiiiieeiee 51
Graph 4.1.3abc. Stress Index Easy/Hard/Calm (a), Easy vs Hard
(b), and Hard vs Calm (€)....cccueevveeriieiienieeiieie e 52
Graph 4.1.4abc. Mean Heart Rate Easy/Hard/Calm (a), Easy vs
Hard (b), and Hard vs Calm (C).....cccvvevuveevieniiieiieiieeieesee e, 52

Graph 4.1.5abc. SD2/SD1 Ratio Easy/Hard/Calm (a), Easy vs

Marcell Joshua Djohar



DEVELOPING AN ALGORITHM TO ASSESS MENTAL HEALTH RESILIENCE Page 11 of 66
IN VR-INDUCED STRESS USING HRV MONITORING

Hard (b), and Hard vs Calm (C)......cceevueeriienieeiieieeieeiie e 53

Graph 4.1.6abcdef. SDNN Easy/Hard/Calm (a) Non-Logged, (b)
Logged, Easy vs Hard (¢) Non-Logged, (d) Logged, and Hard vs

Calm (e) Non-Logged, (f) Logged.........ccceevvierieniieienieeiie 54
Graph 4.1.7abc. SD2/SD1 Ratio Easy/Hard/Calm (a), Easy vs
Hard (b), and Hard vs Calm (C).....cccvvverveeeiiieeiieeeieeeiee e 55
Graph 4.1.8abc. SD2/SD1 Ratio Easy/Hard/Calm (a), Easy vs
Hard (b), and Hard vs Calm (C)......cceevueeriienieiiieieeieeie e 55
APPENAIX 4.5ttt ettt ettt ettt st e e bt beetaesnbeeaeaens 56
Table 4.5.1. Brief Resilience Scale Test (BRS Scores).................. 56
Table 4.5.1. BRS Test Correlation with corresponding Metric’s
Calm ValUECS.....ceeciiieiieeee e 57
F N 0] 01S) 116 G 2 SRS 58
Table A1. Wilcoxon-Signed Rank Test...........cccccceeeeiieenieeenennnne. 58
Table A2. Paired T-Test.....c.cevouiieiiieeiie et 59
APPENAIX B e e s 60
Code B1. Box Plot R-R Interval Code.........ccccouvvevvveeciieeiieen. 60
Code B2. Hard vs Calm Box Plot, Wilcoxon-Signed Rank Test, and
Shapiro-Wilk Test Code.........cccueerieriiinieniieieeieeie e 61
APPENAIX Cooe ettt ettt et ettt st e aeeenee 62
Survey C1. Pre-Test Survey including the BRS Test..................... 64

Marcell Joshua Djohar



	DEVELOPING AN ALGORITHM TO ASSESS MENTAL HEALTH RESILIENCE IN VR-INDUCED STRESS USING HRV MONITORING 
	ABSTRACT 
	​​DEDICATION 
	​​ 
	​​ACKNOWLEDGEMENTS 
	​​LIST OF FIGURES 

