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Abstract
Mixed reality(MR) users simultaneously see and interact with real and virtual objects in an environment where the real and
virtual worlds are combined. Virtual reality(VR) wusers interact with realistic virtual environments based on
computer-generated, isolated three-dimensional environments. In both MR and VR, Cybersickness is induced due to the
mismatch between visual and vestibular information during the interaction with virtual objects, which directly affects the
user experience, including the sense of presence. This study aims to comparatively analyze the factors that induce
Cybersickness during the interaction with virtual environments and objects from the perspectives of MR and VR users. To
this end, interactive content with the same goal is created based on MR and VR platforms, respectively, and interaction
factors are defined, categorized into exploration, movement, and manipulation. Finally, survey experiments are conducted
using the SSQ to differentiate Cybersickness during the content experience by interaction factor. The results confirm that
there are differences in the factors causing Cybersickness due to the experiential environment as well as the way visual

information is conveyed. Based on this we discuss ways to minimize Cybersickness and enhance user satisfaction.
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Figure 1. integrated  development

Example of using the
environment with Meta XR All-in-One SDK based on Unity
Engine.
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Figure 2. Virtual reality(VR) scene (left) and mixed
reality(MR) scene (right) of puzzle-solving content created for
Cybersickness comparison.

B dve ERAAT AL Bl AT} IAE
2 QA7) AvkE AgRATe] 4EAg 7

- 153 -



o~

o fol
2

oA Aolw wWu] 2elg wWa
& 2902 B4, ofF, 249 A

3lt}. Figure 32 &

o N

lo &

s o>

Mo
- 1x
= £
4z N
[P =
o

N
X
4z
il
tlo .
lo
L

, L
I ?[F =

X,

[ >
LN i
r,
30, [N
o Lo
N
iy ot oy
Ll 1
>k
Lo
N, N
T &
2y 5
;‘g N o,
-
( % J:L
=~
> o

Tl
v
o ol
‘g‘mlor
) l-ﬂr,
=7
SR
B
N
£4 2
R
52
filo
o,

=2
N
o =
&, o
i
=2
r
i
o
R
1o
0, N, ol oX
ok

Eﬂ
;
2

=~

gl o OH l—]j: m>~
N 2

i o

2, o
N

+
o] HolAL} 2
o wjxE o] o]
Meta Quest 3
fof 744t

2
o
iy

S e
30
rlr
)
N
o

b~ 2~ <
> Ir

o>
iy
offt
i)
2
OO
o

(ot
i)
¢ (
>
i—’ﬂ
5]
o,
rlo

10 g ox
n\l

Ju N

«

B
30

offt

" g

>,

k

)

filo

£
e
o

>
o
L,
OE r
2
o
o
2
fo
iy

=g
(occlusion) & E3 7} 4
ke AR e} AEetA AZ4"H =ACA
WA ¢ s pEh olst HAFS FI =7

@ 4%

__)&‘
i

o

N
Ry
ok

N
o
=
(@}
o
g
N

Mo m> A 18

ﬁd
oy
=
N
BN
N
N,

o
U
>,

N
N,
rlo
T
)
1
lo
fru
N
oY ox )

(et
u
fo M
h
)
n
i_t“
e
o

N3 ARE Aol
7+ A8 Aol

<

Figure 3. Example of exploration interaction through virtual
puzzle finding in produced experimental content: user opening
a drawer and finding a puzzle (left), user's viewpoint in the
VR (top right), user's viewpoint in the MR (bottom right).
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scenarios in VR (left) and MR (right).
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Table 2. Subjective survey questions used in user evaluation.

# questions
Did you feel a difference in the level of Cybersickness
1. while experiencing the two types of content?
(VR and MR)

If you did not feel any difference,
what do you think is the reason?

2 (Only answer if you did not perceive a difference
in Cybersickness between the two environments.)
3 If you experienced more severe Cybersickness
) in the VR environment, what do you think caused it?
4 If you experienced more severe Cybersickness

in the MR environment, what do you think caused it?
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