CIAH 2 = o3| =2 X|

Journal of Digital Contents Society
Vol. 25, No. 9, pp. 2411-2422, Sep. 2024 M) Check for updates

i

o S a AR = (=)
SYY VREZ 2 U MR L R0 U2 H2|H U HH
Tl S g
TolMci&tm UC|Xtelstnl MAL oby
ZolMch st HE|D|C|ofEHE W4

Physiological Responses to Levels of llluminance and

Color Temperature in Immersive Virtual Reality Environment
Na-Eon Koo' - Soo-Jin Park*"

"Master's Course, Department of U-Design, Inje University, Gimhae 50834, Korea
2Professor, Division of Multimedia Design, Inje University, Gimhae 50834, Korea

e %

VR 71%0] BAAZ B okl 1 EE A%H 0 2 Q1F5a glov], B P VR TEE) B P AT A 5ok )
o 414 9) mrE Hdehan Q1) o) el ¢ o] B9 VR el AP Aol AL Aol FA A9 AeFE F 24 AA
B o]u, ol 314 VReI AT B 0] AHgALS] e A -3 A1 Gl thaA 3 B e} ek ol £ AT
VRS A|ZPE 87 A5 FolA] 2ES} AR E 2012 FA 02, BYY VR FLHE Bk A vhgAe] Auhie] £ 8 2
Bhe AR e sk 1 Ak B BASICh B4 Ak 2% 2700 e 2} 0ars v obd A ngle
o, A1 271 7be] H] ol Az FF ALLE(5500 K) BANA 7P o ENE, S L2200 K) BAAA 7Hg B

[Abstract]

Virtual reality (VR) technology continues to demonstrate its effectiveness in mental health, moreover, the use of immersive VR
content is emerging as an innovative tool for the treatment and management of mental illnesses. Designing an environment that
positively impacts users is crucial when developing such content, requiring an examination of how VR environments affect
physiological responses. This study measured heart rate variability in participants within an immersive VR space, focusing on
different levels of illuminance and color temperature. Statistical analysis revealed that higher illuminance levels were associated
with more stable physiological states. Among color temperatures, the medium (5500 K) condition yielded the most stable state,
while the low (2200 K) condition resulted in the most unstable state. These results indicate significant differences in physiological
responses based on lighting conditions in immersive VR, underscoring the need to consider these factors in developing immersive
VR content.
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Table 1. Applications and types of VR content

Field Types of VR Content
Education & Pilot training simulator, Medical education,
Training Virtual tours of historical site
Healthcare Mental health therapy, Rehabilitation program

Entertainment Game, Virtual theme park, Movie

Architecture &

Design Building simulation, Interior design

Social Interaction Virtual meeting, Social VR platform
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Table 2. HRV analysis methods

Method Time Domain Analysis Frequency Domaln
Analysis
Statistical processing of AnalyzmgAthe variability of
A R-R intervals by
the variability of R-R N
Concept . . separating it into
intervals during the
. . frequency bands and
recording period ;
analyzing each waveform
Analysis TP, VLF, LF, HF, norm HF,
Indicator Mean HRT, SDNN, RMSSD norm LF, LF/HF ratio
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Table 3. Indicators of frequency domain analysis for HRV

Analysis
Indicator Concept Frequency Band
LF Sympathetic nervous Low frequency band
system activity (0.04-0.15 Hz)
HE Parasympathetic nervous High frequency band
system activity (0.15-0.4 Hz)

Ratio of sympathetic to
LF/HF parasympathetic nervous -
system activity
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Table 4. VR experimental stimuli by illuminance 3 WA= ke 2 nAEde] drZen 9 bl |3l
Classification Low Medium High £ g3l Adss SAsks AR kel 29 JEe
llluminance llluminance llluminance - o M5 Waloz Auhmo|ng ZAst 2 9]
7171E 7 21 2= Ol E =X]F
Level 30 Ix 300 Ix 500 Ix J = 719l ]jj‘:‘ e %= DA
= dnleln. A9 Avle] 8 Ak 5L 3 7 ok

.

Scene )
B 7. A TH| Afet
-] : Table 7. Experimental equipment specifications
Control — Materials: Grayscale, Wood
Variable — Neutral Color Temperature(5500 K) } VR Headset 4 Pulse Wave Meter
A
L Classification > “
ML Z4& Warm, Neutral, Cool M-S tl3z3H= Al A\ ( R
- ) []
744 $25e] ML= gk 2200 K, 5500 K, 9000 K& 443 2\\/&
Atk AL g A4 ohe A9 AFBe) TS ¥ 59 ‘
711:} Product Name Meta Quest 3 uBioMacpa
= Manufacturer META BioSense Creative
- _ - — Weight: 515 g — Dimensions: 58 mm
I 5. M25o w2 VR AY A=EE - Resolution: (W) X 27 mm (H) x
Table 5. VR experimental stimuli by color temperature Specifications | 2064X2208 pixels 32 mm (D)
- - — Components: — Power Consumption:
Low Color Medium Color High Color Headset, Controllers 0.95W
Classification Temperature Temperature Temperature - -
(Warm Color | (Neutral Color (Cool Color - Non-invasive
Temperature) Temperature) Temperature) — Operates measurement
independently — Measures heart rate
Level _ 2200 K 5500 K _ 9000 K without a PC or by changing the light
‘ L Characteristics external hardware reflection of
Scene — Adjustable head hemoglobin in
straps fingertip capillaries
— Balanced weight — Connects to a USB
o N distribution port on a PC, laptop,
Control - Materlals Grayscale Wood mobile device. etc
Variable — Medium llluminance(300 Ix) L
_ - — A3 314
A9 AFEE F T, TS E 634 ek 4 49 23
VR 3= 218 Al Az Gu|o] F Alo]& Kol oF
E 6 A% 132 74 o] Wlo] Alofol] a4 B AYA ) A AF F#31S
Table 6. Experimental stimuli composition Apdetal, 2% 30 Ix oJ3= fA8k3lth
Independent Variable
No. VR Scene Name Color Hum 5 A3 Az}
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Temperaturs A} AT Tl AN A5 GAN A
Neutral Color Temperature Qa7 o}al i CE 5 35 AlHiHo| == £
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7F =R 59 Z;G Ay ;(4)\} H ik
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/Medium llluminance Al VR dl=AE 2HgA)7]2, 570¢] VR /:E]%JD AA=FES T2
Koz ] A& 5 = 73 1 =
3 Nem'(jﬁz'qolr”ﬁr?nze;s;ure 5500 K 300 Ix A= At Ad A== Aolell= vt Aol 5
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Cool Color Temperature - - _ - -
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Table 9. Results of One-way ANOVA analysis on

illuminance
L Std.
Classification|Group| N [Mean Deviati F p | Scheffe
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801 35 16.91| 0.78
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LF(Ln) 3?8)” 30 |7.29| 0.67 |3.383"|.038| a<c
500 x| 35 | 7.42| 0.88
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801 39 |6.76| 0.84
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HF(Ln) 3(28)” 30 |6.82| 0.87 | .056 |.946| -
500X\ 55 675 0.85
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301 59 11.03| 0.10
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LF/HF 3?8)”‘ 30 [1.08] 0.11 |4.0987|.020| a<c
500X\ 55 |1.10] 0.11
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"p<.05

3 A, 2% ol Wb LF A)32(F=3.383, p<.05),
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