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Computation Techniques of Multidimensional Perceptual Space
for Evaluating Virtual Reality Interfaces

SHOGO OKAMOTO! and YOJI YAMADA'

For virtual reality interfaces, evaluating the perceptual similarity between virtual and real
stimuli has long been a serious problem for researchers. One of the most commonly employed
evaluation methods is an identification task where observers identify randomly presented
stimuli among multiple candidate types. The results of this method are summarized using
confusion matrices. We developed a method that allocates virtual and real stimuli to a per-
ceptual space. The spatial distribution of the stimuli allows us to illustratively understand
the perceptual relationships between stimuli. A systematic validation confirmed that the
method was effective when the answer ratios of the confusion matrices were imbalanced to
some extent.
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2 Internal responses to multiple stimuli on perceptual
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4 Internal response to v;, r;, and r;. For visual

clarity, the probability densities are not shown.
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5 Internal response to v; on the V;-R;-R; line
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# 1 Real-to-real identification task: % 2 Example 1 (shrunk): Confusion % 3 Example 2 (distorted): Confusion

Confusion matrix matrix for virtual-to-real id. task matrix for virtual-to-real id. task
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§ Ty 0.1 0.8 | 0.1 § Vo 0.15 0.7 0.15 § Vo 0.1 0.7 | 0.2
Al s 0.1 0.1 0.8 A ws 0.15 | 0.15 0.7 A ws 0.1 0.2 | 0.7
2 2 2
7 OR3 | | OR3
1 RO 1 Vs X R 1+
V2 Vix OR1 R | | R
L 1] | K1 XV>
0 0 ®V1 0 V¥ XV3
Vo X
qt X V3 4 -1t 1 -1t
Rs0 R0 | | OR>
-2 : ; : . : : : -2 . . . . . : . -2 : : : : : : :
-2 -1 0 1 2 -2 -1 0 1 2 -2 -1 0 1 2
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Perceptual dimension 2: x»

I.: Norm of the inter-stimuli

distances for re-constructed space
S
T T
“e o
ﬁ.oo o
w%‘

Perpendicular bisector
\ of R, and R,

Ri(Ry, Ry) — —

///// [—— V3 (V3x1: stz) —
. L

Vi * R3 (R3x1’ R3x2)

V.. Perpendicular
R> bisector

Ry Ryo) of R, and R,
>

A

Perceptual dimension 1: x;

11 Stimuli distribution and bisectors for the

computation of confusion matrices
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I,: Norm of the inter-stimuli distances
for reference space

12 Indices of inter-stimuli distances for reference
and reconstructed stimuli spaces (3-stimuli case)
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I,: Distance index for reference stimulus distribution

19 I, vs. variance of answer ratios (3-stimuli case)

0, FREZEMIIRBE LS HEENTNDS.

FIEEIZ, Case E (X 17) & F (X 18) 2o\ %
Z A ZE M ORI L CEB IR B SN TV D
7o, ZEEOFEIRB L TVWD.

4.4 BRAAEDOHA FOEA

FEITIHRAR7=X DI, T A DIAERESNZSRA
ZERDIZE AL, BERS FHEINLZR, bhb
NOTFIEZ [, DEN/NSOWGEITIIAREE TH 5
ERALII T2, L, PR 3 LLRTTHIUL, b
NbnhoFREEZEAFNETHD. I, DEEZH LT
WHIDZ LIXTERVWDOT, I, Db Y L7 HfEE
FEANT D, 2O, IREITHIOEZE RO T
B5. K191, I, LRSTH0BOBRERT. I,
EOROMICITHBIRBR R S D Z bbb, I, O
ERREZNE XIE, MRZEM ETORBES AV
TWo., Zo&E, FEOREXHEES DT
W, BEATHIOEZRT EF L, MERIIETT5.
L7z, BIEROBHNRKEL 8D, —F, I, D
/NS E XL, AREZER EoREITE WIS,
REIESNRLTV., 20720, EERIETL, BE%
NERL, #RELTETCORIBERNTF ¥ AL~
WZIED %, BIEROGBN/NSL 5. Rickbd &,
I, = 3 1%, 498D 0.02-0.04 IZkSd 5. Lizdio

117



Ri o Ri o Ri®
~ 1.0} R'3g Vie i L 10 Viel, L 10- R’ Vi e
= R0 = , oVs  R'io = o R'io
Z Vo 3 o R Vo g Vo
£ V3’ LI 5] oV L < R; Vi L
E 4 E Rz, E ® R, ¢
3 % Vi = R;@@ R'2V3 = o yr
— 0 R,® — 0 r 00 - 0 , \4
= 2 ® op, < v e < R';0 o V3
2 V' Rs 2 Rip o v, 2 Ry @
o o £ Vie 3 & ® o 3
5 ,OR' 5 s < V2 R
& R, ‘?’ o v g oy g Vs 3
1.0t 2 1.0 2 -1.0f
-1.0 0 1.0 -1.0 0 1.0 -1.0 0 1.0
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(I,=1.45, I.=4.94)
16 Worst case D

T, 3FORERAWAHEITE, REITHIOEZ R
DI 0.04 LLED L X2, bivboiud kA L
TWo., ZOfEls, —MryefilFEsRE e L TidE
BVICHE LW & XIZR BN, bihvbhoFiEEFEHANIC
FIEE A EOEIEATRETHD.

FRRIC, 4FEE 5 ORI EZ AWV 55810 TH
WHOFEZRET D 0BOMEER~Tz. AFEL 5 FE
DEEIIX, REITHIOEIERD 538D 0.03 LLED
LI, DbNWOTFEERVWLIRETHD.

5. #&

AWFZEIE, N—F ¥ N VT VT 4 HT—R
3 K OMABRINIEL o B % R BIARIX 2 O TR %
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i s B AR IS ORI o> [ 0 i () e 4
FHREL, ZWoTRERREZ FAWT, RO mERE
Pl %2 Lo FICHBT 5. AR, SHEFEO
MUEOMRIEZ R L, PIEEWLS ONOFIZEA L TH
B Fim, TUFBTERENTEZE OB LT
AFEEBEAL, TOFMELHREZHR L. RF
THIDEIERO DN, RFEOBEHOFGEOHA R
LD L ER LI, RFEE RN AS—F L -
V7 UTF 4 A7 =—RZHATIUE, KA
DB ZE KRR T 5 Z EBARETH 5.

BE ARFZEE, MEXT KAKENHI 23135514 @
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