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Abstract

This study applied virtual reality systems for forest therapy to reduce motion sickness and enhance immersion using multi-sensory
elements. In applying virtual reality systems, multi-sensory elements were utilized to reduce motion sickness while providing a
more immersive experience. Among these elements, tactile and olfactory devices utilizing wind and scent were developed and
employed. The program was developed using Unity3D's HDRP (High Definition Render Pipeline), and both HMD (Head Mounted
Display) and non-HMD systems were established to determine if visual motion induces motion sickness. An air circulator was
placed to provide a sense of wind and allow users to smell scents through the olfactory device. An experiment was designed to
examine whether tactile and olfactory stimuli influence user satisfaction with the virtual reality forest therapy system. The results
showed that the tactile device significantly reduced motion sickness, while the developed olfactory device did not yield significant
results in reducing motion sickness for participants.
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b) non-HMD System no-Power Treadmill
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Table 1 Results of a paired-samples t-test for Nausea scores based on the svstem

Paired samples t-test

Matching difference Degree of Significance probability
All condition(N=40) Average Standard Standard error of Freedom One-side Two-side
Deviation Average probability probability
Matchingl | N2-N 1 -1.431 16.246 2.569 39 0.290 0.581
Matching2 | N3-N 1 4.770 12.028 1.902 39 0.008 *0.016
Matching3 | N 4-N 1 8.348 14.032 2219 39 0.000 *0.001
Matching difference Degree of Significance probability
HMD(N=20) Average Standard Standard error of Freedom One-side Two-side
Deviation Average probability probability
Matchingl | N2-N 1 -5.724 19.673 4.399 19 0.104 0.209
Matching2 | N 3-N 1 2.862 13.168 2.945 19 0.172 0.343
Matching3 | N 4-N 1 10.494 17.205 3.847 19 0.007 *0.013
Matching difference Degree of Significance probability
Non-HMD(N=20) Average Standard Standard error of Freedom One-side Two-side
Deviation Average probability probability
Matchingl | N2-N 1 2.862 10.767 2.407 19 0.125 0.249
Matching2 | N 3-N 1 6.678 10.767 2.407 19 0.006 *0.012
Matching3 | N 4-N 1 6.201 9.922 2219 19 0.006 *0.012
Table 2 Results of a paired-samples t-test for Oculus-motor discomfort scores based on the system
Paired samples t-test
Matching difference Degree of Significance probability
All condition(N=40) Average Standard Standard error of Freedom One-side Two-side
Deviation Average probability probability
Matchingl | N 2-N 1 3.790 11.515 1.820 39 0.022 *0.044
Matching2 | N 3-N 1 4.927 11.960 1.891 39 0.006 *0.013
Matching3 | N 4-N 1 9.096 15.179 2.400 39 0.000 *0.001
Matching difference Degree of Significance probability
HMD(N=20) Average Standard Standard error of Freedom One-side Two-side
Deviation Average probability probability
Matchingl | N 2-N 1 3.790 14.020 3.135 19 0.121 0.242
Matching2 | N 3-N 1 1.516 13.825 3.091 19 0.315 0.629
Matching3 | N 4-N 1 9.854 19.690 4.403 19 0.019 *0.037
Matching difference Degree of Significance probability
Non-HMD(N=20) Average Standard Standard error of Freedom One-side Two-side
Deviation Average probability probability
Matchingl | N 2-N 1 3.790 8.695 1.944 19 0.033 0.066
Matching?2 | N 3-N 1 8.338 8.833 1.975 19 0.000 *0.000
Matching3 | N 4-N 1 8.338 9.169 2.050 19 0.000 *0.001
Table 3 Results of a paired-samples t-test for disorientation scores based on the system
Paired samples t-test
Matching difference Dearee of Significance probability
All condition(N=40) Average Standard Standard error of Fr eg; dom One-side Two-side
Deviation Average probability probability
Matchingl | N2-N 1 0.000 25.609 4.049 39 0.500 0.581
Matching 2 N3-N1 -4.872 25.326 4.004 39 0.116 0.231
Matching3 | N 4-N 1 4.176 33.241 5.256 39 0.216 0432
Matching difference Degree of Significance probability
HMD(N=20) Average Standard Standard error of Freedom One-side Two-side
Deviation Average probability probability
Matchingl | N2-N 1 -2.784 33.064 7.393 19 0.355 0.711
Matching 2 N3-N1 -13.920 31.935 7.141 19 0.033 0.066
Matching 3 N4-N1 -1.392 44.913 10.043 19 0.446 0.891
Matching difference Degree of Significance probability
Non-HMD(N=20) Average Standard Standard error of Freedom One-side Two-side
Deviation Average probability probability
Matchingl | N2-N 1 2.784 15.382 3.439 19 0.125 0.428
Matching2 | N3-N 1 4.176 11.154 2.494 19 0.055 0.110
Matching 3 N4-N1 9.744 13.624 3.046 19 0.002 *0.005
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Table 4 Overall satisfaction survey questionnaire - about system

. Strongly . Slightly Slightly Strongly
Survey questions Disagree Disagree Disagree Agree Agree Agree
Was the manipulation possible with the expected behavior?
Did observing the virtual forest feel different from the real forest?
Would you use the system again in the future?
Did you feel as if your stress was reduced by using the system?
Did you feel that the scent from the system was compatible with the
real forest?
Did the scent from the system make you feel less motion sickness?
Did the wind generated by the system feel appropriate?
Did you feel that the wind generated by the system reduced your
motion sickness?
Table 5 Multisensory Satisfaction Survey Questionnaire
Survey questions 1 2 3 4
Comments on how the system feels to operate Control was very poor. Poor control. 1 liked the control. Very comfortable.
Comments on the wind Not effective at all in reducing [t was not effective in [t was effective in It was very effective in
. . reducing motion reducing motion . . .
Comments on the scent motion sickness. sickness sickness reducing motion sickness.
Lo It was very effective in reducing I had severe motion I didn't get motion 1 did not feel motion
Comments on motion sickness S . . .
motion sickness. sickness. sickness. sickness at all.

Table 6 Results of an independent samples t-test for the overall satisfaction survey (assuming equal variance)

Independent samples T test
T-test for Equality of Means
HMD — non-HMD Degree of Significance probability . C e
T Freedom One-side probability Two-side probability Average difference | Standard Deviation difference
Q1 2.549 38 0.007 *0.015 14.950 5.865
Q2 -0.147 38 0.442 0.884 -0.900 6.141
Q3 1.565 38 0.063 0.126 8.400 5.369
Q4 -2.812 38 0.004 0.008 -18.300 6.508
Q5 0.699 38 0.244 0.489 5.150 7.366
Q6 0.558 38 0.290 0.580 4.200 7.532
Q7 -1.646 38 0.054 0.108 -10.100 6.136
Q8 -0.639 38 0.263 0.526 -3.200 5.005
Overall satisfaction 0.009 38 0.497 0.993 0.025 2.890

Table 7 Results of an independent sample t-test for the multisensory satisfaction survey (assuming equal variances)

Independent samples T test
T-test for Equality of Means
Degree Significance probability
HMD - non-HMD . ; .. .
fon T of One-side Two-side Average Standard Deviation difference
e o difference
Freedom probability probability

Al 2.690 38 0.005 *0.011 0.400 0.19
A2 0.000 38 0.500 1.000 0.000 0.097
A3 -2.578 38 0.007 *0.014 -0.650 0.252
A4 -2.484 38 0.009 *0.018 -0.500 0.201
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