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FICHWDEODEE L\,

T TRRR 720 CHREOTE 2 23121, SR
DRESEEASEETEN N TH L. Sagawa
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DYFEDS 45° OE) [12]. REF L2 T WEEOM A
HIIMIF ERELDT, EHBFEREOA TS,

o AMRRD LR RS FEARD SEEAY 3.2 mm
R D EHSEEIE TS (13, 2hid, ke v
I EVHEN LT E L TR LS00 EEZLNL. £
7z, M TE 13825 10 mm FREE O/ S T b 1R
FTHHEDHY, ZOROHFITHEAADS %\ LT
BEMETELR V., SNEOEMEHRS, FIBIZHW2
RO FR%Z 3.2 mm BEE 5.

o MRERRDOTRR v SR CHIL T 2 1ESL &, i
FIRPEIND Z &3 5. k4 % T CHIIL C
HIcE ThH, BN RO RN RREIZ /NS T 1.3
mm, T - KET2.0mm THhorzzd, ThHD
% SEREO TRE T 5.

T OVERCIE, 79 714y ZEIRIEREZ b B, D
ENTILER L TWAEETY) % JTR o ESA
721 Ver'95 [14],[15] Z v 7z, 207 ¥ 7 TR T
&5 3N (EE 0.8 mm), i (4 1.5 mm),
K (B 1.7 mm) O3FEETHL. EBRIIT LS
NZHOWIRA YA 70 AT —FCRIET L, Wi
NOELFIRIE B, SOWEFOLENY D7z
NO S TAEIIAREL D 0.2 mm K& <, /I 1.02
mm, P 1.69 mm, A 1.89 mm & FHl S 7z,
MOESIE/N T 0.21 mm, H50.33 mm, KA 0.31
mm &FHIE N, RGO T 5 8 & O LM
D2 HHOIT LY LKW,

COHFT) VI L B ER/AMTREIREE, KO
FHT 0.3175 mm, /5T 0.3454 mm TH 5. L
WO ERAS TROFPNT, THMEREE 2 B i
0.6 mm, 0.7 mm) ¥ oL T, 7/ 3HMWEHD
HEHWAZET, £1 DX % 10 MHO HIET-H
Fea ek L7z, SR OMIdHE & o E TR L7z

# 1 OffikE% 50 mm x 50 mm O 4 XT, B
60 mm OZEMEZHIT T, EAT &b L)
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OFFF SVER L 72D T 0 xf & % b, WIZ[HE L s
TEMFELO 10 bk L, A7 100 xt% HE L7,

2.3 KETENEREDAE
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DB SRR EME L. JV.P. F—a &3, &
J8 22 R R BE D E D 72D 12 BATE S N A g BT H
% [16]. HAEW 19 mm, &4 4.5 mm DT T AF v
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Table 1 Sizes of dots and interdot spaces used in the
experiment.

Interdot space [mm]
1.3 2.0 2.7 3.3
Size  Small (D.: 0.8 mm) | O O O O
Middle (D.: 1.5mm) | - O O O
Large (D.: 1.7mm) | - O O O

1 FEBRICHW 2R o6
Fig.1 A pair of dot patterns used in the experiment.
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JV.P. F=2axfviz #5612 L 2 E/5miEod
TEAGRTIE, HEGEIE O 22 53 f#FEAT 1.38 mm
(SD: 0.53), MEEEL) 1.03 mm (SD: 0.13) T
Ho 7z [17]. BEFETIX, B ORI 72O H
BOF—2&2FV5Z L3831, oz
Wi b v 1.5 mm (WEIREMH) & 1.0 mm (LR
EXH) O R—sDHEH, IhESnEoHEF
DANFELIREOH 1 BETOBEMIC 20 |4 L4 T TES
ThRDOT.

2.4 EBRFIE

REBICALHIS, £ 1 LI3EL DS TERTHE
B L7z E 16 BOHE L, #iE 217572,

REFTIE, 100 FOfHE & 1 IT>, 754
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ZMEIE, X7 ATEIETRER A by T v F
IR E FTERIELTL 5\ (18], Hli %Y 450 T
PHEET L ETORMZFHIL T 5 o7z,

I, FIEFo NS LIS CRAD T %

2 FEEROMET
Fig.2 Snapshot during tactile exploration.
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TR IEA L 82.9% (SD: 18.2), FeHli A% 715k
IE% 313 85.8% (SD: 8.0) L 77z,

ot O MO EGR T L ICAOD Ty 7 (S-S,
M-M, L-L, S-M, S-L, M-L. S 3/hi&, M i,
LI3KEZET) 120, Eo X0 @095 (&
WA T T — 3) L% L7z G O E
£ 2R L. HOMEHNELAEE (B8O (a),
(b), (c)) TlE, FEOALIATLIZY, DF 1) LA
IE BT E, o XD ENDGN D L& ZTZEHEH
B Y, FAIRERNEE L ol HOMEIRL 5
e (£ (), (o), (f) TR, Eofilk, KUK
TIZWIEE, DE ) SAHRPIAC 2 513E, Eo&
VNG H B EERTZEEDE 2D, BRBIRH I
L o7,

do & D ENAGH DL L& THED 90%LL Lo
B3 6 T D - 72 (3 2 OEEROED PCHgHT
L7-HIET). 209 5, HoKE SH% LWl
DS 1.3-S 33D 1FHEDOAT, ZDOLEDLH
D71 2.0 mm THorz, TRUSHIEDORE &)
Flp DR TH Y, AL T ORI 2S 2 FliE,
AN E R EORNES A 2 FligH, 2 L CTHia & R ol
oA 1 FHD o 7. 2 IS ORI O E R OZED
/MiEl: 1.3 mm THh -7z (S 3.3-L 2.0 & M 3.3-L
2.0).

RO & ORI OFEEAS, LRlHot o5
W O & ) 1R ES D EE» 72 (5.7 s
DUF) FlAiE S 1.3-S 2.7 # i3 Lw & 44 14 HidH
Th o7z (£ 2 OFBIFEH DL D pTHREENT L 725l
)., FDH L, HOKE SHEL WHIETH 4 FHE,
HORE SRR DHWHE 10 s -7, HOK
EEPERLZDMEE, FIOhELPEOMEE, R
T EREOMEEOHRIZ, FEIEEIEND ODE
Moz,

# 2 THEREBINEHOLE BILD L, 3o
EVDEVDG D EE R TEE D E R C LR
B NEA DB SN D, 202 L e g I
WO D70, [HE SN AT ) — T & ORI
B OFHHEAEAN T LR, 2D 14 NG5O FHfl
CIERRFAEERLZODK 3 TH D, FEOH O
Bohra)—1th5T3)—=3, LA T T — 2
AT T — 3 ORI THEBIRIICAE 2 2= H Sz
(F(2,26) = 8.48,p < 0.05. %@EILEIE HSD BElc
£2). Thbb, EoZX N ECDG LA, L
%GED, HIHVIERFITIFONBVIGE L) AEIC
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Table 2 Response rates [%] for category 3 and reac-
tion times [s] by sighted participants. S, M,
and L are the abbreviations of Small, Mid-
dle, and Large, the sizes of dots and the
numbers following them denote the interdot
spaces in mm.

(a-1) Response rates: S-S. (a-2) Reaction times: S-S.

S 1.3/82.0(S2.7|S 3.3 S1.3/S2.0|S27|S 3.3
S1.3] 0 46 89 96 S1.3] 9.7 | 7.2 | 47 | 45
S20| - 0 14 50 S20| - 9.6 | 9.4 | 6.6
S27| - - 0 11 S2.7| - - 10.8 | 9.6
S33] - - - 0 S 3.3 - 9.8

(b-1) Response rates: M-M. (b-2) Reaction times: M-M.

M 2.0 |M27|M3.3 M 2.0 |M27|M 3.3
M 2.0 0 25 82 M 2.0 9.3 8.4 5.2
M 2.7 - 0 14 M 2.7 - 9.5 9.8
M 3.3 - - 0 M 3.3 - - 10.6

(c-1) Response rates: L-L. (c-2) Reaction times: L-L.

L20|L27|L3.3 L20|L27|L33
L 2.0 0 43 89 L20| 93 6.9 5.0
L 2.7 - 0 14 L 27 - 9.7 8.4
L 3.3 - - 0 L 3.3 - - 9.2

(d-1) Response rates: S-M.  (d-2) Reaction times: S-M.

M 20 |M27|M3.3 M20|M27|M3.3
S 1.3 43 96 100 S1.3| 6.9 5.2 4.0
S 2.0 14 36 75 S20| 9.6 8.5 5.5
S 2.7 57 21 54 S 2.7 7.7 9.7 6.9
S 3.3 89 54 36 S33| 52 6.7 8.3

(e-1) Response rates: S-L. (e-2) Reaction times: S-L.

L20|L27|L3.3 L20|L27|L33
S 1.3 14 79 100 S1.3| 8.0 5.2 4.0
S20| 32 46 75 S20| 85 8.4 5.6
S2.7| 79 39 68 S27| 52 8.9 6.6
S3.3| 93 64 46 S3.3| 4.6 6.8 8.0

(f-1) Response rates: M-L.  (f-2) Reaction times: M-L.

L20|L27|L3.3 L20|L27|L3.3
M 2.0 11 7 68 M 2.0| 10.3 8.7 6.9
M 27| 68 21 18 M 27| 57 9.1 9.1
M 3.3 96 43 7 M 33| 4.5 7.7 10.6

PRI R A 2 5 72,

3.3 HEEFEDOHRMFE

Bz [ 22 T 53 1R BE O IE B 3% 50% T b o 72 B INH
TRV HEREESR 10 Ao RS R IES
13 90.0% (SD: 10.5), A pTHE TR IE 313
88.6% (SD: 9.3) k7r-7z. F2fEZefsfifaE o IE %R
A 50%TdH o 72 BIEHEDMIFEEDS Z OHPHNIZH -
722 ens, ZOEBRBINEOREICHMEREEDDH -
TEldEZO5 L, L LAEBRTEICHEND - 72T
REMEDSZ 2 DN L. B ICHEZE R Es o Nk
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Relationship between responded categories
and reaction times by sighted participants.

Fig.3

Numean denotes the average number of re-
sponses for each category.

Mol s, UBIIZOBIMEDTF—7 & T
ST A EICT 5. HERER 11 A&B RN
T B IE A %13 89.1% (SD: 10.4), S TA% T4
FRIEZ 313 89.0% (SD: 8.9) &7z

T O EREOMAERT T IR D2D 7Ty 7 1250F
T, B2 EVEVHDDD B EE &R O
PR 3 IR L. 22T, HoOMEAE UM
&8 (K£D (a), (b), (c) &, HOMEAREL LM
HE (KK (D), (e), () OFLT, sBERAFILL %
BHIZONT, ldo ENEBODGH DS LEZIZEEGTE
<70, FRPIRERITE C & o7,

X0 & D ENAGH DL L& THED 90% L Lo
Wodtid 11 FiH - 72 (3R 3 DHEFEDORD FTHEHE
LR, 2095, HoOKE SHE L Vllg
3N EE LT 2 flH, KA1 Ebh o7z, 2
S ORIFHT O HEFE OO R/MEIX 1.3 mm TdH -
72 (L 2.0-L 3.3). MOKE S0 8% 2 0HxHE, 7
FE P EORIEOE A 3 i, /T & KT ORIGSDY 4
fligH, & KEORIES A 2 b 72, ZhHo
IO O SRR O 2= O /MiElE 0.7 mm TH o7z (S
2.7-L. 2.0).

RO & ORI OFEEAS, SilHod o5
BRI OSEAME & ) 1 AR DL o7z (3.2 s L
T) oL 14 M TH o 72 (R 3 OB oE
O THIENT LRI, 209 b, HOKE E93%
L\l 2s 4 FR3H, MO KRE SHERL D ORIl
W0HETHY, HOKRE SHRLLMEE, FFINE
EHREOMAYE, ROVNE & RKEDOHAEORIZHE

#3 7T =3 (EoENEADGDL) ~NOFIGHEE
POSKER (HERER). S, M, LIidmofE (h
B, KE) ARL, 20H LTI MR
Table 3 Response rates [%] for category 3 and reac-
tion times [s] by blind participants. S, M,
and L are the abbreviations of Small, Mid-
dle, and Large, the sizes of dots and the
numbers following them denote the interdot

spaces in mm.

(a-1) Response rates: S-S. (a-2) Reaction times: S-S.

S1.3|520(S2.7(S3.3 S1.3|8S20(S2.7|S3.3
S1.3] 0 55 91 100 S1.3| 4.7 | 4.0 2.6 | 2.7
S 2.0 - 9 41 77 S20| - 4.8 4.7 | 3.6
S2.7| - - 9 36 S 27| - - 4.8 | 4.3
S 3.3 - - - 9 S33| - - - 4.9

(b-1) Response rates: M-M. (b-2) Reaction times: M-M.

M20|M27|M3.3 M 20 |M27|M3.3
M 2.0 0 36 86 M 2.0 4.9 4.8 3.0
M 2.7 - 0 32 M 2.7 - 5.1 5.2
M 3.3 - - 9 M 3.3 - - 4.2

(c-1) Response rates: L-L. (c-2) Reaction times: L-L.

L20|L27|L3.3 L20|L27|L33
L 2.0 0 36 95 L 20| 4.7 4.5 2.9
L 2.7 - 0 32 L 27 - 4.2 4.7
L 3.3 - - 0 L 3.3 - - 4.5

(d-1) Response rates: S-M.  (d-2) Reaction times: S-M.

M 2.0 |M27|M 3.3 M 2.0 |M27|M 3.3
S 1.3 50 100 100 S1.3| 4.6 2.6 2.4
S 2.0 14 32 86 S20| 59 4.3 3.0
S 2.7 68 9 36 S27| 3.6 5.2 4.3
S 3.3| 100 55 23 S3.3| 3.0 4.5 5.5

(e-1) Response rates: S-L. (e-2) Reaction times: S-L.

L20|L27|L3.3 L20|L27|L33
S1.3| 23 95 100 S1.3| 4.8 2.8 2.5
S20| 32 55 82 S20| 4.5 4.2 3.0
S 27| 91 32 64 S2.7| 3.7 4.4 4.1
S 3.3 | 100 59 32 S3.3| 3.2 3.9 4.5

(f-1) Response rates: M-L.

(f-2) Reaction times: M-L.

L20|L27|L33 L20|L27|L3.3
M 2.0 14 27 91 M20| 53 4.9 2.9
M27| 64 9 45 M27| 3.6 5.3 4.8
M 3.3 95 77 18 M3.3| 2.8 4.0 5.6

B RSN AYE 2 o 7.

MEEEZ 2SR LAZEBRTL, 773U —3
(&2 EVENDG D) O BIZHATE W HTET
WA AT E o 72, WA T T — T & OREBIREE
PRETAE, ATV —1EhFTY—3, RO
FA) =2 H T — 3O THEHIIEEEIEE 7
ARSIz (F(2,20) = 15.50,p < 0.05. £ E LI
HSDWSEIZE D). Thbh, 35 & DEVDHIPD
WAld, e E), HLVIERTIRON% VY
&) EEIRBIRH A A o 72,

2741



It

BTGS2 CEE 2013/11 Vol. J96-D No. 11

il

10
p<0.05
_ 8 ’
2,
@ T p<0.05
£ 1
c
o
g 4 T
[
3 L
2
0 . .
category 1 category 2 category 3
Near=18-8 Npoa=28.9  npo,=52.3
Responses

B4 F T ) — ERRIRER ORISR (RS . X
D Nmean &, &HT TV =D IO FHH.

Fig.4 Relationship between responded categories
and reaction times by blind participants.
Numean denotes the average number of re-
sponses for each category.
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HEREIER SN o (FHE TR LA
F(10,13) = 2.96,¢(23) = 0.973. SR A% T BUEE IE
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KHE 5% CTHWE). HEEZILDP->72b00, HIEZED
FRHER 7 (SD) 3R EE D 2 i WElEL 5o T
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A 60% %\ L 50% Th HBINED 14 A 4 N7
72O TdH B, M THER R O R T ERARIEE
RERBEABME 1 AT 70%12L & F o7,
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T & DEVDGHN DL L) EEED 90% L
Wt oRx, WEIRE Tl 6 fMifEH272S, HERES T’
FO2MED 12 E L o7z, TOL & 0RO
HEROZEOR/MEIE, HMOKESHELVEE LR
% B3 G O CTHEBEEZEOHI/NEh o7z,

PR FEE A ORBAEEH IIEIRE O LT ThH o 7.
WA T T - TEICMEERT) L, AT T -1
DEFERENE, WIS LA E S O THBIEEL
DRSNS (F(10,13) = 5.30,p < 0.05), H7FT
)= 2 & 3NONEREEIE, WEOMTHHIIIAEER
VRSN rol (7T — 21 F(10,13) = 2.18.
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Table 4 Comparison of discrimination results between sighted and blind participants.

Sighted Blind

Correct rates

for the same pattern

82.9% (SD: 18.2) 89.1% (SD: 10.4)

for different patterns

85.8% (SD: 8.0)  89.0% (SD: 8.9)

Least interdot spaces necessary

Numbers of stimulus pairs clearly discriminated at 90% or more 6 12
between dots of the same size 2.0 mm 1.3 mm
1.3 mm 0.7 mm

for discriminating at 90% or more between dots of different sizes

Reaction times for category 1

9.79 s (SD: 6.23) 5.05 s (SD: 2.68)

for category 2

8.64 s (SD: 3.80) 5.52 s (SD: 2.54)

for category 3

5.15 s (SD: 1.52) 3.22 s (SD: 1.98)
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Table 5 Pairs of dot patterns responded for category 3 more than twice by two blind participants when presented in tactile
maps with small areas. S, M, and L are the abbreviations of Small, Middle, and Large, the sizes of dots, and the

numbers following them denote the interdot spaces in mm.

Size of dot Number of responses for category 3 (correct answers)
patterns 3 4

5x5mm |S1.3927 S 1.3-S 3.3, S 1.3-M 2.7, S 1.3-M 3.3, S 2.0-S 2.7, S1.3-L 3.3, S 2.7-L 2.0
S 2.0-L 3.3, S 2.7-M 2.0, M 2.0-L 3.3, LL 2.0-L 3.3

10x 10 mm | S 1.3-M 2.7, S 1.3-L 2.7, S 2.0-M 3.3, S 2.0-L 3.3, S 2.7-S 3.3, | S 1.3-S 3.3, S 1.3-M 3.3, S 1.3-L 3.3,
S 3.3-L 2.7, M 2.0-M 3.3, M 2.0-L 3.3, M 3.3-L 2.0 S 3.3-M 2.0, S 3.3-L 2.0, L. 2.0-L 3.3

15x 15 mm | S 1.3-S 2.7, S 1.3-M 2.7, S 2.0-S 3.3, S 2.0-L 3.3, S 2.7-M 2.0, | S 1.3-S 3.3, S 1.3-M 3.3, S 1.3-L 3.3,

S 3.3-L 2.0, M 2.0-L 3.3, M 3.3-L. 2.0, L. 2.0-L. 2.7, L 2.0-L. 3.3 | S 2.0-M 3.3, S 3.3-M 2.0, M 2.0-M 3.3
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