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Abstract: Although pedestrian navigation services using mobile devices become popular, some people get
lost on the way to their destinations. The cause is considered to be a difference in comprehension of route
guidance instruction due to individual differences in spatial ability such as sense of direction/distance and
reading of maps. This paper proposes measurement methods for spatial ability using a virtual reality sys-
tem to realize a navigation system that presents route guidance considering individual’s spatial ability. We
develop a measurement system that simulates the urban environment on the virtual space and sets various
information such as route guidance. Then, we design measuring methods with the system based on differ-
ences in features between those who get lost and who do not. Using this system, we carried out experiments
measuring three abilities: (1) recognizing the subject’s location, (2) recognizing the direction of the destina-
tion, (3) efficient remembrance of navigation guidance. As a result, the experiments made clear individual
differences in accuracy and speed of (1), (2) and sound reproduction intervals about (3). The experiments
about self-assessment, measurement method in real environment, and a result of re-experiments was shown
to be no significant differences with 75%, 60%, 71%, respectively.
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Fig. 1 Binocular stereoscopic vision by Virtual Reality Scope.
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Fig. 2 Virtual reality system overview.
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Fig. 3 Subject using proposed system through the HMD.
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Fig. 4 Virtual reality space on reading a map.
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Fig. 6 Example of virtual reality space for preliminary exper-

iment.
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®1 THEER A omE ()
Table 1 Set-Up of preliminary experiment A (Location).
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Table 2 Set-Up of preliminary experiment B (Direction).
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3.3.3 FHEBROER &L=
TiEE A, BO#EZR 3, T 4 1R, THER
A, BEDBICHWME CREL -7 HBREDTBY, 84

&3 TER A OfR (L&) (O R&bJHE, Ak TH
A, X ko TR, B3RS £ CTORER, FEIRPI IR
SAEE-Y)

Table 3 Result of preliminary experiment A (Location).

Tl | BB | BEER | BEER | BEBR | BEBR | WeBR | weBR | BBR
FEER | H 1 | H2 |H3 | H4 | HS | H6 | KT | HES
O O @) O O A A O

Al 85.6 [117.9]100.4|114.1|135.5|186.2|165.5|111.8
1w | |13 a2 |2 |ae |19 |®
X X O X X VAN X X

A2 - - 119.6 | - - 180.6 | - -
20) |22 [a9) (69 6D |05 |19 |@
O O VAN X X X O O

A3 [127.0|127.4[180.2 | - - - 180.0 | 158.2
(14) | (16) |(26) |(23) |(25) |(20) |(13) |(10)
x |x |0 [|x [x X x |x
A4 |- - 121.8 ] - - - -

(32) [(28) [(9) [(B®) [(7) [ (A7) [(A7) |(23)

® 4 THFERB O#R O (O RDTHE, & ko T,
X DKo TAFE, Hp3EIFE £ COREE, IEIA IR E
%)
Table 4 Result of preliminary experiment B (Direction).

T | BB | MRER | WRBR | MRER | BEBR | mREBR | BEBR | tRER
FE | H1 | FH2 | H3 | B4 |H5 | FH6 | HET | HS
X X X X X X X X

Bl |- - - - - - - -
(12) | (23) |(22) |(21) |(18) |(17) |(15) |(18)
O A O O X X O A

B2 |123.2|185.0|121.1|162.5 |- - 170.2 | 171.5
(17) [(25) | (21) |(19) |(20) |(28) |(20) |(15)
O O O X X O X O

B3 |119.9|153.8|137.1 |- - 154.1 | - 153.7
(10) | (18) | (11) | (31) |(24) |(20) |(29) |(12)
O A O X O A O O

B4 |127.7]162.9|122.9 - 154.5 | 180.0 | 179.5 | 130.7
(13) [ (8) |(@0) [(@3) |(9) |@18) |(16) |(13)

(a) Eh A2 (Bl 1)
7 TR A, Bl

Hb I B B 4 R
Fig. 7 Subject’s trajectory of preliminary experiment A & B.

(b) FER B1 (Bebier 1)

ﬁ : RETHLER)
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MAaZMz 7 (K7(d)).

D E O PG EER T OWEBRE O BB A S, X & #ER
BOFAET H2EM & OHISAFT L VW) B TELRELZZ, A
WEDIHIZLTH) DD, TOEREZLUTIIHITS.

1) #rkEE (HERZ &) 1280 5 & 22/ & ORPIEAF
1) BAERLE A 5 5 2\

1-2) BUE D FIAID353 70 6 72\

) BEyhIC B 2 M & 220 & DXty
I-1) e A o 72 8 S, WIS TE 2w
I1-2)Hi At L 7z B O BEEE I B A 1T T & e

B, TITHIFLERT—BITHY, I1cd, #i
/NI O, TEIEE ) 2 EOETHR I NS
iz EEREBERTOEICHE) LV BHRRIELHEERT
W5,

3.4 FHEIFZENRE
3.4.1 FHAIOER/

RFLTIE, ANOZEMZRREED & LT, FRCH e FE2E
BOMICHHTICERZ L, HAZ L ORBOELZIET 5
72O TR RET 5. BIETCRBRE 1 Likwne T
WERBE T ORHM 24TV, MBI & FEZE B AP AT U 2SR &
BHERELT, Koo N, Ebhh o/ AOITH), BH)
IR DEE S L& 25, 1) HAEMBEDS T2 S %W,
1-2) HIIED DD 6 e\ e ENH B o72. T D720,
R TIREHITEL LT, o2 ICEHL, 1) HE
MEASHS 2, LT, (1) BEETOHCEE R
W BEHINFEE, 12) BIEDO KPS 6 %y, IZEL
T (2) HiWthoo 4048 2 519 2 5Hl Pk 2 %5t L, #
Bg I L CERET-720b, FHllF—725MATE
DEZHSPICT L2005 = kX5,

S5 ICHIEI O FHERTIE, FETE7r — 2D
BRI D 2 WVEHTICH Y, Ko TWBIZELWEHINICSH
BT ooz, MROMEIZE, FAEMEZET2OE
Zef] LK & DI T ERIT o720, BRI 7260
DROMEATITI (AT 7 &) #RERL72) L) HEYDS
Ez2oN b, AWESHIEY, FEr—Yaror=N—
PN THA T, ZOFFIRHTRROAEST T % iR
572 DM OFE L NDOZERMB#EN I2AHLE T, HE
By A4 I 7% E2 52 8T, N HHA~DH)
BT CEDLLEZ. Fol, FHITFE (1), (2) 12
Mz, KY AT L THROMERBIEIZOWT, #haE L
DWMNENT—4 & LTHLNEPFHIT 5. 72, #1T
FHHOITRIZOWCEIIT A2 L E L, HFFESY—T 3
YOWBEE R, #ITHINET T AT AERE LD X
VI AI VT TEDOREMEES2FHNT S, (3) &F
ENOGLEESOFHIFHE L #HE Lz, DTFhs, FHllTF
(1) W EcoHCMERRE, FHIlTFE (2) HHo ks
IR, FHITFE: (3) HFENOREEAICOWT, il
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B REASEAA | HEEENEFLA |
e ' E \
R E R
iba P iba
ik @ EEE
" meshg s et | | 7Y EEHRI:E BERE K

(a) (1) #HiX Eco B E R

HIERAGELA | HEEERAEFLA |
- | ) =5
EETTE
iba iba '
@  BHNHE o ERAER
| mzmn e mEe ) | | | OEBE-E AES A

(b) (2) HiWHho J5 AR

8 FHlFE: (1), (2)
Fig. 8 Measurement method (1), (2).
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FCoOMBEERLTBY, FEAGHEIEEL 25, BIEA
B CARABZE ] T OB AT L T\ D. s
NEWITE, W ETOHCMEZ EEICHEETE 2 & v
Z, BORHCHREE SR EWIEE, W EToH O E DT
BOAEFTHhHL VA, T2, HEFBPEVITE, H
K ECTOHCMNEY ZRCLBETE L L vz, FOFIZh%
2SR WVIZ L, #iIX ETo O E OB ICKE R 2522
HEWR D,

3.4.3 (2) BASHO A REIEE

FHITE (2) 1MREZERM LT MO S E, #KE
IR ENTZHWH I DOWT, AT I B R &
ERES &) BT, HIHO T ERIZO W T O %
S 2 FETH L. FIHFEICIE, Wz R THYO)
%% 2729 2T, HUBIZE L 5O HMICH 5D, fifE
Zef] ECHZELTH 5. &L Higiho Jia & o f
FEAEDMER 2 HZ X 8 (b) 1IRT. ABlO~— 7137
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(D J710) % AR OFREASTAGIENE & 2 D i R LT 5.
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B9 (3) &FRNOCCEES

Fig. 9 (3) Remembrance of the voice guidance.
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x5 ZEMFUE & 30T O A

Table 5 Evaluation criterion of spatial task and analysis.
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AT LIZBWTIE, FIHEAMAAZERTo A E & #hX
FofrE, WK EToH R & AREZERN T o H
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OFMOPROLERES L LI, BN, NEFTORSD
FHIIL 7. b, FEBREATOBICIE, M RIcFRRE
MEE HFIIFEENEITNTVDL I E2{ER, TEA/?
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2479 . FHITES L Ol ZERE 12D W Tid 3.4.2 TH
TR/ EBY THAH. HEEIIMAZEMAT, X
AR LAGPVL LB MBI -V VEEI,L,
gy ra—SONERY CERT. BBREIEACHTE
YAUET A12H 720, FHEOREMEEZT) 720, [
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7o, WEEREIEHE9 %, K1 XD 344 TH Y
FTRT20fTH- 7.
(2) BHIHO A AR
REBETIE, HOBOFMEEZTHH ) FERYIT.
FHITFER & OREEZEHE IC D W TS 3.4.3 IH TR
EBNTHLH. HEEE, KERENTHWYD %
LHEOHmEmE, ARSI, wEREIZIZE
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REBRTIE, Vv —22X—R L L2EFICLD
FNRLEDOEZICOWTEREITH . FHIIFEB LY
FEIZEHEIZ DWW TIE 344 TR BY TH 5.
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X 10 (a) IR Y. Fao7oy MEEE, Ko7 oy b
R, HEEh, D DS, BT W IE EBAENT
EEZEMEIC/FRCEETHIENTE, FEHrbEWwIl,
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F 6 FHITZE (1) ofR

Table 6 Result of measurement method (1).

. N FEAGARUE | R T AT | EHERAE | AERE
TELAFRCHNLITEHLTL S ). o i oe T a5s T oq
ﬂi*ﬁ%ﬁg‘migﬁfﬁﬁﬁf@ﬁ%ﬂ? LVCV\Z)- %&%ﬁiﬁéh %‘li Tii?—% 61.3 28.3 0.5
TV L HE CTIE—EEZ T BB E R EN DN, # mp sl AL 56.4 28.1 0.5
BREIBEEZIT) . BB EIF oIy ba—-F0OR B 84.8 33.1 0.4
5 RT I LT, FTPICOHEGHEENEE S Lt | ®Wx | 896 26.5 0.3
EASCED. WHHEIEIEO &, LIk 11 BOR 20 4 B L

S K5 9.6 4.5 0.5
3 V N = >
THY, INTARTHL w2 10.1 3.1 0.3
P AL 7.7 4.2 0.5
4.2 ERBEREER pedt 20.6 3.6 0.2
4.2.1 (1) #EETHOECSKERE o | % 18.1 3.2 0.2
AR (1) 1200C, #RAR 6 1RT. HERHO fllt | 156 28 02
0 Bt =k 10 o Bt =k 2 e B =i
il = = -
| : N L
E " T e o
£ . N
Q 20 i g%( @)1 10
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? R : : M H- b -
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‘: ¢ RS . 20 K s om o la
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0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
T E BB (s] T E Z B[] BEEFMELETETOFHERMIs]
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Fig. 10 Result of measurement method (1), (2), (3).
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Fig. 11 Length of time, path difference, angular difference of measurement method (1),

(2) in each subject.
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£ 7 FHITE (2) ORE
Table 7 Result of measurement method (2).

RPERTE | PERD | HRTT | AT | BRERE | AEhiRiK
FhEEIR 40.7 20.5 0.5
B | #L 39.7 20.5 0.5
[ 2 1R i) AL 42.7 22.0 0.5
FREEI 48.6 27.2 0.5
| EE 49.9 25.7 0.6
AL 46.4 29.4 0.7
FREEIR 19.2 13.4 0.7
BYE | % 19.5 14.1 0.7
bl %2 AL 15.8 9.2 0.6
TR 37.0 39.0 1.1
| S 30.9 19.8 0.6
AL 19.3 9.8 0.5

Upper Fence Dfifild, #ERE 7 OFHAHLMITRE W, &
UL, BERE 713 20m BEONEDOMENDIL N &, £
7R B 8 IFETTRTOMTTNELZEL (HETE 2
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Fig. 12 Subject’s trajectory of measurement method (3).
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Fig. 13 Relationship between self-assessment and measure-

ment results.
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Fig. 14 Measurement result in virtual space and real space.
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Fig. 15 Repeatability result in each subject.
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Table 8 Experimental repeatability of measurement method
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