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HREICE T 5 [0l K TE O otk

EVR S NS

ABDs2 2 — Y BHICEBT 2 FROAEBRICOVTE, £EEDH 2 VIZILERZEEOSE
THRIHE OMESESNTELL O 2HET, VERRNOEITREIN TV SIE
bF, BFOEEREZROBBICOVWTHREAEDP > TRV, BOEEELRZ, BE
KT 2BOEBRICOPDOLT, BOMBEB—EIRINEZEELEED, TOPTERLNLS
MEoE#Z, ETBEH « DERCEARNCH 5, KRXTHE, BEE#EZNICLTE
EL, BORMER—BILRINZOPEVIBEICONVT, LEZEREBLTERS,

BEINTXEOELBD ICOWTIE, BEic Stanford X% dD R.N. Shepard & OHFZE s
% %, (Shepard & Metzler, 1971 ; Cooper & Shepard, 1973 ; Cooper, 1975) 5%, 2
DO 3 RITYA D FHEBRER % R ICHEBREICIRRL, €05 0—7 % EMMNiIcEE L i
KHiFic—FKd 3, HEORERERICDZ200EMI ERETE -7, (1971 ZoH
B, REEESEEAEREOBRESZHEELZRVEL, 02 20RESGEKT 2 0EDL
DX, MEOEEESELLTTRIOTREL, LLABRZOHRTHEEZEIEL T
3 &#EZ, COBEE “Mental Rotation” (BE[MER) L300k, THRELICEEKRIN
2% (1973) 5 Y F stz —v (1975) ZBMIERL, RA&H,rEHESLEZHW IS
FBRATRY, LOBALRREROERES

R4RET, FLETXRICOVTERRET, 36ic BERE 0ZL2ED3
RHDEBRETE -1, (B1IHERL, 2) DT, “BEEHEK OFMERANE D, »°
-V DEHS L, BREEOEI LOBREBKRL . (B1HERS)

LCTAT, BELSHOMEZB LT, <&~V E2ERMAERT 2 HESFAZN, BE
ROBRLBEOBRESBEODICENTE L, TOKR, AEROEHTREN2 DIKFEESh
AZENRDMPotze —OREREBHRICDOI S I (pre-perceptual) B THO, L EGRHE
KBZELTLEIZERTH S, 2hid, Visual Information Storage (VIS) EIFiZh, #
BRI I212 270msee EEHN T B, (Averbach et. al., 1960 ; Sperling, 1960)

35 —2iF, VIS o DEBERNSMBINEIRITDIZ - 72 (post-perceptnal) BT, VIS
LHARTHRVBVHMEERSREINIRTH S, Chid—ic, Short-term Memory
(STM) EEHRER T3, b OMERIXFIEEHAMBRL & &0, HREOEGK



210

ZRDBZFHE L - TFRbR I,

bly E~VEBRTIXEBAOLOERE I T TVEDL, CORENEREOCE
BHCEDLDNTL 3LBbh3, 22T, F2H TR, TTEBEEHRL ST L XFEHNEER
AL, HREOERBERD 2 LI HEEZRAWT, BEALERBOBREZRE~ T,
CB2WERL) BT, HESNLEINERS L BOIKET EMERE~ (B2 BER
2) BRIC, thooF—2iIcESE, gL TRRINZXZOBERLEE TV EEREL
1o

% 1 %B EEE%@WL\HJ&%EE

I ZEER1

Cooper, L.A. & Shepard, R.N. (1973) 237712 o 1 EEBRDOERTH 5, WANADAHEIC
EEINTRRINAXFOREOUH CET 2RMOREEZTRY, HEFAELOBRE
B,

I1—1 FHE

RE N1-1CYR57LOMEERT, 7R M2 —VE, GBREOCHS LTmOME
CBPNIBRER 7 ) ~VICTRIRE NG, HRERD, BEEImOE Y —viEL CTEH

Random access

Projector Screen
il
Shutter Response Key
- Fright)
= o
Bl S | N Pinhole D
j_-’ - — \\‘\\\\ =
= 14 Subject
R | R
. s
Pre-_stimuli M
Projector - Response Key
(left)
Power
source
Control box

t
. \
L Decade
timer
PDP—12 Computer
| -«
Experimenter

Random number
table

H1—1 AERTHERSIhLER YR 7 AOHE
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U, XEBERLH, BUELEDRIEF~%2F, FRMEZ—VR, FVELT I RS
0Pzl 82— IKRMINTNT, BTERRZFHEICE > TRENT/ 2 — VY BIRKRERE N
Bo Xy MBIIHLT, FRMZ—VORRERICR 7 Y —VICRET 508, 024
OFaY 27 2 —=R2FRALTNE, TNED2—YOHO PRI, uY =7 2—0FIC
BN 2 ODEEEY v v 2 —TiEbN S, By v+ v 2 —RERTHBEINZ2 0~

c VYV A FERROEERE VOGSO TLOFBRT 4 V2V 4 <hbDFEEIC
EoTW3,

Rtk RER, #8# PDP—12 KAHET 2EKM 7 vy 72AOTHTES, 207
WDFATENEA TORARVRIEF 00 DESMHERICL - ThRAINE, 1EOXE
B2, 120XFKDOVTOVANADHEDF A b2 —VOhhi 5 VY ATRINK
100 B4 — Y icdd 2 RIGHBHEORE L ZEOHH OBROEFE I LB >TWE, TT
RN, A2 —VORRAFETHTELSY, F—2O0BBRIHERICK T
Bhhd, £7, ERITETL - T, ERFRZFHERICI0 @O BETERIEE, 7R}
RE—ViE, COEBRCH>TFIHCLVBEINS, TR ME—VORRE, Ta4V4Nn
24 <O ATEHBI NS D, RIEKBEORED Y, I/ oy 70EBb0s4 <
OHRAICE - TR bhE, EADEIEF—DEER, HEBOAES 4 VRHERKICEDS
N, 70y 70BIEEHBOERDF = v 7 IEbN 3, Aohcilid, FEcaik
ENTVBEOT, KIGREEKICHITOERS HENICEEIND, ERPIKTT2E, £
BREL, FVEATDOF—@FML, KT ULEERT, RICF—OFMHTE, 7R bk
—vO&ES (Bo54, BEAICKHETS) & ThicHT 2RI REoEHE EE
DORBIENRTFVEATFIERIZNG, X, RSW (2 ¥V —n e RExNLEDT 4 VF WA
49F) o0ty rEEZ1RREY PL, F—OZ2d L, ELORBKOOWTEEARE (3
Bbb, 2—VEE) LRBKEHAOBRERT 7 78HRIShE, (B1—2)

EELHE FR M- VEIAMKEBTHINIZXET, $BREORS LInoMEKE
PNTBBEA 7Y -V ICEALLOMECHZ VEEOHICHA2°DA X I TERE NS,
(®M1—3) XFLULTE, BFo 77, £XFD R*, G voHlko 3% X,
MpeLTik, A7, 7, F BAVLH, ThEN10° BREESNIZSDH,
FE2HBEIN TS, (HM1—4) PRER, XEBREOHE, BELEORES—%
TEZRGHESMIEELZERING,

wEBRE EBEELZADRLLOBTF

I1—2 BRIEE
TR, Y77 EonTtEohikFRO—FER1—5IKRT,



212
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B1—2 FEESITHH LAEE, F—2REF—207 5 70—,

|

—Z&_EA% 100 1

DEHT, EBRERICOFSIHCTF A b2 — Vv A2RIRT 3, BERRFT—42KTH
b0 LIDEFTE, TAM 2 —VYDRETH D, K2 —VICHT BEE, UL
5 (BALIE 10msec.) EBEOEZROEMW (O, XiZX) I T03, —F

T =207 77T, EMOFSHPRENZE *Z — Y OREIEMIIRE .

=

WIPZ B ETHMIKEEEA%ZE > T3, X, AHFAKIGENE > TH 5. 12
87771 ELVEDLEHENNICHEL, 7ry LTV,

=13

FRMIRE—YDPR ) — VRSN T, BER4ACDR
Ry ORI, 2°0OKEITERREINS,
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0° NORMAL

0° REVERSE

10° NORMAL

180° REVERSE

CRNOIOIS
@ @O @

E1—4 XEZE 7" & R’ K¥TBFR s —vDi, —EEtH
i, —HDes— Y UhbHBVIEAE, LD/ 4 — YRS

> TH2EAMBH 5,
°
—~ 900F
9
%
£ 800t o
~ °
Z 7001 hd
! . . s« * °
= 600} o o . o
o] ° [}
500F o o, ©
1 1 I L 1 i [ - i 1 H
0 60 120 180

ORIENTATION (degree)

B1—5 F—20—fl, WEER.S. OXF 7" KETE7F—42Thb, HEhicFEY
EFL‘:\B%FEﬁ’ tﬁﬁm‘i@ﬁiﬁiﬁ& ‘O“C;;)%o “}f—i‘i’ —f—@@iﬁi@"@, Eﬁﬁ%lﬁ%’ﬂmm
sec THo 7o

R, 0EOFEETH 5, BEADEERZEIWN 50msec TH -7, HEE[ICHUT, K
SRR, BEFEmmL, 180°METcoaBmiBnEmenmdid, BIZEKLTELINEZESD
Pot, M1 —505AKEEA~160°IC DN TEIFRERERD S &, RORBICHLT
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12 y=1.4%+470, BORKIGICH L TIE, y=0.94+605 TH -1, I, y RRIGHHE
(msec), x ZEEEMA (degree) TH b, CORAENI D, “EEREE KET ZEMIE, 1Z
21 ~L4msec /FETHB, X, REOEVE, HAZESHZMNECHT 5 KSEHOL S,
1Z12100msecE L, COERMKINIKEERETH 700 X, —ERAIKH B2~V ORBEED
Hicid, RIGEEMEELED o, DI E—VICE - TEXE, 1msec/EL LW
EIEH - 7o ds, BERETRREV, ®IKHE A2 E20ToERo—M4X 1 —6I1CR
T COBED, A, I0BOFETH S, FROBERZEE, 0 T70msec TH -7z, [E
RERERORBICH L T y=1.55+643, BORBICH L TE y=17x+608 TH - 720

MEDOBERRENEOHHZREFETRE, -7,

o NORMAL
s REVERSE R
900t N
o)
5
3 800f
a R
~ 700 o Q
> R A
600
= 500}
| 1 1 |

i 1 1
0 30 60 90 120 150 180
ORIENTATION (degree)

H1—6 F—20—fl, $BEH. U.0NE ‘7" KE+57—4T
H5Bo  ECEHRIBKNE, BHcEEANE > TH B, —HE
TEIOFET, EERZEEN T0msec TH- 7o

PlLEo#RpS, 2 20RBSRA—»RrO¥M R, HBEEFLL TR 0TREL,
Shepard 5 DE S & 5 icBERE (Mental Rotation) i€ X 2 A[§ElEMNRNEELI LB,
180° AR, BRERHNEENNALNI DD, &KL UTIRIEERNTS -7,
Cooper & Shepard (1973) R[Elizf% 60° MR TT — 2 &£ L Cnicioy, FEERNITHE
OMERIICH 7o LB L, FARICIZ20°HRBTERETR s oERP S, EEAELK
MR EOMRBEBERNTHD, LA 180° MESKRENTHE EELTNDE, XFLHE

A7 ORIBEEOENICEE L T, Hock & Ross (1975) X4 URE 2 EBRFHEE AL,
H#oEn (familiarity) SERZBREIEROEELZEMEEE ELE TS, RICKRL ORIET
13, XFEDONTEREDHEZIZK 100msecTH » 72, Tiid Cooper & Shepard (1973),
Cooper (1975) o DR E—HKT %, K513, Trabasso (1971) & OEEHERHEZEDHR
HABIALTN S, Chid, BRERZRITF A ME—VE2HBO b DRD/ 2~V FERE
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BEL, BB EILEEIPDIE, ROLBRONEENEEZKETHDRA v FHO IR
& LT 100msec RACBEETIHDTH 2, dLEBEOBHERNEER »THREDS
ESRBTHAID. B A7 BEDFKLDORBRTIY, ERATICEKIEL R URIEBREBREC
BERUBGES BT, COBORBOHEORKMER, BLAENL T, TOEMLFN
2~V DEE, EOBROLIVTEEICS > TCCOBHREF A P E—~VERALTNG EE
2 oN5B,

o ER2

Shepard it X 3 &, BERERF X FZ —VEBBOFOEN LA A —JKAbE X
HETEBETHZEBEZONTVS, TORKR, AENNKELZ K ONKGRHNERT
BLEEBEINTOS, ZCTHL, —BHICLAREORICENLIADA X —Y, &2,
120°HmEE L 7c A A~V RESRATEL &, BERREZENL LA X~V LIECOH K
WA RXA—=VIKA->TEL, RGO ZNIKBRUTELIESTEINS, TTTE, D
EDBRIT 2 —VORELHEND,

I—1 K&

EE EBRIKCRLELDERLU,

FERELE FREINRE—VORRICETUTRHRED R Z ~VERRT b, £fT/¥2—VD
HOREFRIIE, S0msec~1lsec, F R b & — Y OERREERIZ 1sec, HfTo94—YEF X b
2 — v OEREEER (ISD 3, HBELEEN4 UL 785 200msecd b 10secd R D
TN,

I—2 RBRIEE

ISI 1 BHLUTOBAIKDOVT, HBRO—BEN1—7ICRT, {413 10EOFET, &
HEZ1ZK 80msec Th » 720 i1/ — VY OIREERZ, Fhd8 50msec Pl RS, HE
BIBEAEEELY, WICISIH, 200msec, 6sec, 8sec, 10secd 4 FEICDINT, 4&fT
2BV OEBERANIFEREZR 1 —8ICRT, COBE, &fT/4—-YE, 77 0180°
Eiz () Th s, ISI 23 10sec DBZ, fT 2 —VBRVWESERAUEREZRLU L, 2
2L, HEMBERILDZH, TNREFDPRICLIZDDEEZIOND, ISI 28 6sec, B0
8sec DFH D, KT/ V2 —VOFENRLNIH, £NI180°FHEICR SN T, ISI 25200
msec DIER LR - T3,

AHORBRAL-BICE ST, EEE CTM) tEfiEE LTM) codon s,
Z.—uYOREERE, 53— EHERRICEEBRELZEBLLE, —a—nVYIK—EDH
FALERELEBZIE L TEED R EINT VS, HEOEHEAENENETHY, %H
OBEFNERTE I TFEIN TV 3,
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NOlRSI?/IDAL @ RE\IIBE?I;SE @
I M I

-3 — I —ok—15. -3 > e—1s. 1s. —>i
50ms. 50ms.
o NORMAL o NORMAL
® REVERSE © REVERSE
-~ 1000f ___1ooof
g I |
—  800f . = 800 .o . . o
= . [_: b * ¢ L ] ° °
[a'd [ e & o 2 8 ° o ﬁﬁ o © .
L4 . ° o
= 600p o o o 0 © = 600F , o © e ®
Lo © o 5
400 . , 400p . . .
0 - 60 120 180 0 60 120 180
ORIENTATION (deg.) ORIENTATION (deg.)

E1—7 EPaEoBe»sBENGIcRETEELFANCERT 20—, £D/ 5
713, EfToex—vhs, Bxo N7 OBA, 0757, BNMo N7 OEO
BAThHE, HRERR. S. o —ARTHEOEET, EERFEZEILK 80msec TH -

7o
L C
ool @ 900
g 800 800¢
12}
E 700f 700}
& I
Q:: 600t /_\O/L\O—M 600
= 500t 500f
i ' ] s L 1 1 i '. 1 1 1 1 L 1 s 1 1
0 20 40 60 80 100 120 140 160 180 020 40 60 80 100 120 140 T60 180
ORIENTATION (degree) ORIENTATION (degree)
900} b soop
<
& soof 8001
£ 700}
e 700
o b 600
1 600
= .
500} ° 500
1 i 1 1 I 1 1 1 1. 1 1 1 L 'y 1 L 1 1 k.
0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180
ORIENTATION (degree) ORIENTATION (degree)

R1—8 EUCEEROEEBOREUENERANF—2ThHb, HHREH. U.0bD,
@D 5 71E, HfF/e8—vEFR g —vORORIEERR (ISD 25 200msec
OEA, B 7713, ISIhesec DFE, (DS 7 71 ISI)8secnFA, (o
75 713, ISI 3 10sec’ DIBAETH B, FfT/s2 —vid Y77 OENTEAIZED
HWricH T 3 10EIOEETH %,
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RATRIBDSIRVIES, REUERMZEEAORNELICHRICEA ., ThRERLT
BIEHE, FARAIRE—=VOEBREEERTROVRALERREIBET 600 LELONS,
N, BTHEBEZLONS L, RIEKESELTS (R1—-7) 03, CCTES>EYRRE
BERBEDNCHBINDLD EEILNE, B1—80KELS, SENEHTRE (Visual
STM) &, COBEOLIKEENERTE IR BEHSWERTLEEIONS, CO
$¥RT Parks 5 (1972) &—FT 2, kL, ISId - L@ V&, BENERIRED
BiE LTM R EARCESICBBRERECHATERV, e, 825 DEEROE
TokbdEEZIbND, TRbE, LEOFREIUADA X —IhbhiE, BEEER,
EXU7A A ~I RN LR COHEA A —JICHA-TETEEZELLNS,

FEB1KU2%2BUL T, Shepard LOFE I BEREROEBZSHE,LDONILEEZL LI,

0 %83

BLT, <2 —VOREEEER, FOX5CLTRINIDTHAS D, RAE, BEH
EOBEEERICHENS ), 12—V OERES LOREEEE L OBREBKEL .
m—1 FHE

HE FB1IKRLELDOELFAL,

EEREHE N1—9WRLEXSiK, HO—HEB LI g~V EHERT 5,

ANGULAR DIFFERENCE
20°

0° 60° 120
2(: )C-) <_)(ij (/‘)\:3
- - - . S N
s ) (U
TN 7N\ ,\\( s ™ /7 N

(
4\/\/ N \) \/\/

;TN TN N 7N /'\(\'\
st b b

COMPLEXITY

K1—9 FERShiFR 2 —YOfl, T, same pair Qi
DA% 3EROEEMICOVTRLTH 5,0

CZTit, AEOBEEIZWMOBTEELTEL,, 24—V DIERIE, PITiICRYT 2 EH
OHBECE -7 121, AULEHSAE D2 —Vid, MOEXOBRMBSELIKEE LS
WIED HETH B, hOFER, MoEdEZzohiAs 15° 30° 60° 03 BHICRD,
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ZOMABRTNRE—~VEEZEVIDDTH B, D 2RO TEHELN/Z—VILX ST
EBETIE o Tco WBER, 84THb, ERIRD 2 DOBBICHT N5,

Eia RUEKEIZL /2 —VE—XRRSh5b, (H1—10) cid 280 & 5%,
12, AU Z—YOoxThy, 2N R EETNIENR S, COEEKEMAIZ0°, 60°, 120°
DO3BHETH S, (LU'F same pair L) 5 1D3REBZ 2 —YoxudThs, (RUIT
different pair LEF35) 72 FPOKE, TNOOROHELD T ¥ F LGRENT, HKRETR
Ehd, BBER, 2202 —VBEAULTHEPRILLZODE, FLORIGF—%2T&E3
ROESHTECL S TRET 2, COEREN I NREGEEDT %,

EEBDb K1-1UTRT LI, 22002 —VBRBICERING, ZAICEREINS
ra =ik, EROFHETHEONI 42—V ThHD, RAEAIKERINEG 42—V, 1,
R, 2D00WHORB/NE —VThb, giEZ, AUO 2 -V, EflOE2—YD
WAL T BDESI pAETESHRTEL FRORBF—2HITEICK > TULET 5, 13
B, B2 —YE120W» o554, NI 1ES, 2 20lroR2548N: 2
B EFEREILCT B,

Ei1—10 =7 Y — v same pair MR Bl—1 270 —vicFRba—vhsiR
N BT, NI NBATHS. AKy b RENz#ETF. COBAEN: 2BA&T
OEERRBRA2.7°TH 5. FHHloscz — v, FEEE D ic120°mEEE
T, ERlO %~ 2OESITHBE
Bhohbo A Ky OREXIHRA2.7°
<®H 3o
EEraDES YL, EBRDbOEAS, Fig, Same Pair ki3 2 EHORIGEERE T 204
—VENCAEDRBE UTEHEL K,
Mm—2 HRIEX
EEa (N:NEA)
RIS OEMBII BRI BE S Z — 2V ICsT 2 0BAEL, BBXF2o07 v—
TSNt —HlER 1 —12ICRT,
R1—-12056, EHEIB1IHIVEB20EEIDLERINS, A0ESOFMBRKEN
ERbh b, UL, EEINKELBTICONT, KbEBEOENESBRLICAE IR
LRMP T, THIZ, BEIDEHICIZ DEELIONG, KIbEEOEMEZ, BEE
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complexity

o 2 -~
x complexity 3
& complexity 4 )
O complexity 5 complexity :
2 \‘
240+
3 - -
9 220} P
g complexity
S
— 3
~ 200} \
- : 4
o 180F |
160F complexity
’ 4
140} | \ ”
120
A
T 1 1 1
V] 60 120 R ‘ . b
complexity 2
ANGULAR DIFFERENCE 5 )

~

K1—12 S —vOEMs & BIREEEE &0 BREE~7~2
D—PTHBo TDF—#L, same pattern [THOTD LD
FIPETH B0 HMlIZ—ERRHIC same pattern & LT/
Tdhbo

EOEISDOBBIIABTEDT, 4 —VvOEHESHR, KR&{Lhid, BEEREDES I,
BELRBBEEL D, COEDD, BERERIC XS EEEEY, H4MICLH LMY (H
FIH) KB E¥ND EEBEZLOBEATIRELHLS D D

%£EDb (N: 1RA, N: 2EA)

1: 1 BAICKT 2 EERGEEE, BEASEERICKE L >, N=20D8E4,
N 1RAIHT 2 RIGEMEIZ, N NRBEKHTEIZNE, BEAEEBAHLNED -,
TIbb, N=205A, 2D 42— YE2—FEICEREELTN : NBEETE TS

LEZ NG, (M1-13)

" N=4RiE5088, N:1B&H32VREN: 2RAICHT 2 KBEHEOEMEKI, N:
NRBAICHT 2L, NEhot, COEND, N=4XZ5DEA, 42— V2B
U bk (EFN) KEEEBELT NINBEAZLTWEEELZLNSE, (K1 —14)

PEDZEIS, ROXSEEHNEINS,

BERD,;E—VEET, VL OLOWH L — VST, ThOERENICEZEERL T,
RE—~VYBEETILS, L L, Bl z—v (5055R, N=2) B, 2f%2—FEIiC
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300f

M.R.T. (10msec)

100k o/o\o

0'° 6(|)° 12'0°
ANGULAR DIFFERENCE

300} N#' (’,)

M.R.T. (10msec.)

100
0 50° 20
ANGULAR DIFFERENCE
H1—13 N=1(N=208407—4%, 8ZDEHETH %, A
KRL-MEI L 3EBRERTH 3,

izl TRELTN3,

R4i3, ER1 T, HEon (familiarity) BEZREOESEEMIE2FREEN
foo TOEBRDPG, MEZBBEINBL TS, BRI Z—VOFT oo/ — Vs
FECL>THVWERAL T DTRENILEEZONS, BB E, FEICXLT
ook — OREERITBERED D, BeCAKE—FICEERET 2 X5 ICENTS E

EZONB, '

NV #1BVoT LY
ARBRTEONIEREUTICE LD B,

1) ,2—~YOREUTEICE L, Shepard H 8RB L 2 BEEED 0 v A0E L,

2 BTHEEIHUWMTIRDOHE, £TH3EHNT 254 L0 RIGERIZ, ¥100msec
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300}
— * \
3
Bl
D::: 200
=
N:No
N:2 a
N:1 oo
100}
0" 60" 20
ANGULAR DIFFERENCE
300} '\
S N=5 ( J
& -~
3]
e 200
= D__’/o//‘u

2 2
-
o b o

100

0 60° 20
ANGULAR DIFFERENCE

H1—14 N=4:N=50D845D7—4%, 8ZDOEHETH S, AIK
RLARBIC L2 EBRERTH 5,

Eh ot
(3) BEZEOEOFEHOEIR, <F— YL ThThICRI S,
4) BEREOFHOEIR, <2 —VvOEES L2~V T 2 ENEBRT S,
5) BEINTERING 22—V, TOHEAPEEShE, LTM Xik STM iy
ZohEREIBEING,
6) STM KX bNIcdkfi & — Y OBRIIEE 8 VRT3, LrL, BEREI
BEHCRAINGDOR, b LEVEHTHS, .
(71 ElEEULEEE 2 — Vi, BOWITHO2ZH 0 BikERICEREESNS,
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B2 HEICFRRARD OB

I %R1

TR, XEFERMERINE, ELLRABDONBICFHY, XFEORIEREHR
LEDEINBRICHZOPEHEND,

I—1 FHE

BRELEE BITTHVALGOLEAUERYZFLEZFAL, BBER7 Y —YiKK2
—1TRT LD 2 —VEETRT 3,

E2—1 RZ2Y—~YVICFR I —UBERENI
BFo 7R bFvz—vi3, BEL5°, EXR2.5°
DOEMAFEOE 2 NS EICRRIN S,

FR MR- EEHICETHINICXET, RANERLS?, ER2.°OEHEDHES
WEEDOHIC0.35° DRATERENS, TR MR —VE, TRTLIXA=8XEILOL
D, ZBOBWINH KU TCUTOLILHT bbb, (M2—2)

(Class A) 8 XFItFH—@EEEREZT T 5, FiEH (S) i, 0°, 90°, 150°, 180°
D A BHE,

(Class B] 8 =D B AXFERIEN $=0) 4XFEZE (S=180) LT3 bD,
ZOEEBICRU T4 20HIHEHI NS,

B, p» d, g, b REOXFE, BEEITRIDOTET I,

PBREVPREZTOEREHT L, EREVSHBT2URE DT K, 7R brez—vs
BREND, TR P2 —VERAIRE, 7R M2~V OPEEEICTIZE L OIEEET
RN —VIBHINTNE, 7R MEZ—VBSERIN S AR, HBRETF R Frei
—VICEDPNTOEXFETEEETEL, FRICABINTOLIRICES LS, UL, 7
A poeg — v OIRIREEIZ, 20msec, 30msec, 50msec, 60msec, 80msec D 5BHETH
%,

WERE SBRENSLLEOEREHETH ZBEFI0L,

1—2 HRIEXR
Class A OF R b2 —VIC X AESGROMESRN 2 — 3 IKRT,
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22 FRbx2—~rOPERLIZED,

8 XEMENTERENIES (S=0) S0msec X TEREIIHTL, TOMEIZ 45X
FThH B, il Sperling OF—& &—FHL, X, 20~50msec THEMIT ZEAMITONT
¥, Macworth (1963) &—%K¥ %, —F, TNTHEAMLLTHEEES (5=180) EFEER
FIE3XFICPRL T B, X, XFEORIEADOKE X LI, ERBBRES LT BEDR
ot RADERRZEZINLIXETH 5. RAKED, 80msecDRs, S=0& S=90&
S=1500 %138 % (P<0.05) T, S=0& S=90+S=1800bXAE (P<0.05) T
Holo UL, S=150 & S=180 0ERBFETIRLE L - 12,

Class B 5 2 b ¥4 — VX ZEZRBOBRER 2 — 4 IR,

XEOBBI LS TEFHMIIZ, BERIULTH S, 77 7ICRINHRE, M3W1KH5S
OB TH b, M2—4,5 Class B 0,92 — VOEZRRITIZIZ 8 SLEMNT R TI°EHER X
Ntz —v (S=90) OERFIC—FKT 2FENLD 5,

R, BIOEBRTCHECFEN2 D, EILXFEDN 6 DD, 0% — Y DIEGKIZ, 3 icClass B
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DHDEDEH 5T,

18, FHEERICBNT, EREERTH, 150msec~300msec D2 &, LEOIEFTHIL,
B EAETIUIWEET T,

R, M2—41CRLU7 Class BOF— 2 ZHe U R, BN XIBIENLOXFD A %L
FEATNEHIRIL, BTEXRELBIBICHEATORENOD -7,

HL, Class A D XS KT RTCOXEBAFHICEA TN EBIC—RBOEMBELD LS
RERNENT, BAROEENE L ETNT, Class B O EZEAH S=90 O EFHKE—
BUNEECFET S, X, °F—VYOEGED D, BEOXFROBIMTHEE OIEFRRLS
BOUREECOFET 5, UEORR, XFHBERMRREINIES, XFRAMD I
LT, —XETOREBEEEEZTRE > TV E3ESDP -, 2D, naming T30,
[Eli#z s icik7E L3 (Cooper & Shepard, 1973) LR EABVERDL -7,

I B2

coTl, XEFOEENNE BARDBEOBRELKT 5, (EBha) X, RO®H
KT 2827 — 4 E LT, EXLE—XFEHEALEZOCET RMENET 5. (8
b)

I—1 H¥

EEIER] LALTH B, BRATHANLF R FSZ~Vid, ER1THO LD ER
LCHBo 54 Mg —Vid, ABHHE, BRECERSNG, HREITEAEIE, B

EFMICX IR RS, BARE D EABICREF — AT &5 IERSNTO 3, RA
2, COESEVEBEERELZ. BBRELS L

EBRDTRNCT R P98 — ViR, ARXFEIXFOL J, Lths, MEOWsEER
DHRICT R bR — Y 5—DRRE NG, BRER, BRINIES, AXERR/NIKE
D1 CHNEERORIGF — 5T, COBORGBEERGE L, BREII5E,

I—2 RRIEE

Class ADF R b2~V D8N FEEHASEBDIET LZEGH/NK 2 -5 RLTH
3. M2 —5 ok, XFoEEM ) TH5,

ALV, BEAOENELDICREL LTV, TOF—2b, —XFILD
W, A EDEBEEOEMEL, 0.56msec/deg THEIENDLMP D, i, [EEEEHR
Edibb, BEREE (mental rotation) DHEX ESEIONBY, TOTF—E KT TIRE
T XL, BERD, 8XFOFANTRTRALBOT, XFEHEFEA T 3 HIC naming
DEEH E LTRSS 2D TH S, 2% 0, BRER, BREO2, 3XFOHFAMD
PBE, COBBABDOXFLHES & BBICEMICHRAT 2 WSS 505 Th 5.



226

3200} ////s
] A

é L

g 2800¢ X

g -

m

O]

< i

a4

2

> .

2400F &
0o %0 180
VALUE OF S

M2—5 Class A p/v4—v (8XFELVES) OHRAMOKH, &
AR 8 ZLDFHETH b0

U L1s#sh, Class B ©F R bo9s — Y OFHFHHIY B3, 1312 Class A @ S=90
DF A+ — VI BEEFSMOBEICELOEN DD 5, Class B 07 2 brex
—ViIER L TR, EROMED WSV, E0)Did, #EEClass B @o,cz—v%
SR, ENIUEN O ENXFERTEECROEALTNEEVSEEREL, 47, £
REEDDIECEATOBERT — 2 dbh b, COBRRF» Y=Y/ DM, XFOK
ARENLL TN 20T EROARER—EZEZ SN, 5T Class B preg —vid, F
UXFEBIXENAXETORECHL0T, OEADOFEEE2EZ DL, Bs5 & Class
A D S=90 O E—VICHYET B, TNOD2EDNE—VICHT 2FEDREAE D
B—T EDT, MEOHEERITEEIN S,

Ebm, XFENERAE HES (ERR2) b, EfK (KB1) b, XFOMKA
FOBRICH 2ENDP T,

R, BEaD&ETIE, HEACEZIHALEVEBROZRbL LN, RAHALEVEHZDL
DR, ERICHZETERY, 22T, ZOEEHODICT 2700, ERDETE - R,
— DD EMXZhEASE DHEIZ, #270+£35msec TH -T2, TOMER, FRBc k2B
R IGEEE RN bDTHD, s22 — ViRRE, naming T3 E TCOBBEBRRTE 3,
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m % %

B0 &L, BERICEBY 2EMERE 2BB AT ONG, —21, RIEERICDOIZ
SIRVERET VIS &FFENn 3,

EER I OREHID, 180EDOBEBRIEZICIZN 100mseec HETHD, 1 D2DEINLIFED na-
ming %, ¥ 270msec RETH B, —F, VIS OBREERERIIZ, ¥ 270msec TH %,
(Averbach and Sperling, 1969) VIS o o##diiti3, HE (tem) FTHFIMICIES
n, BREEINL, TOBERE STM itz oz, 0 STM ofmkERIC LTM o
T L IERBANTRE LN, EXXFERLE, 4.5 XEBPRALONLELEL LENTE 5,
LT AT, EBR1XYD, BUXFEOBRRI3XERAENSDT, EXLEIXFEERALE
2O RERENE T & UCROFERNEILTS,

4.5T=3 (T+T1s) (1)

2T, Tis RFEABO DI HIEREET 2 DICKHERKETH 5, ER2 b THLN
72 T=210%RAFT B &, Tipw=135 (msec) L1720, FEE2 aDFEREFZE—HIT 2ELD
WD, Txid, BLBWICBNT, NEORBHEOKROBEREOES M, AEROFA K
DIHUBVEEARLU, COERL, BZOREOEVWICXESDEEDLN S,

227, M2—6IRT X5 BHREERUERO 7 0y JREBEZL LN S, MBEILA -
- b AREREONLEESY ik, VISIKlEL o5, VIS ORI HE K 27T0msec
THb, TThoEEBHMEIN, HEINT, EBHEING, BO4 X —Vidd 51
BET2EZ2 00, COBRBARBMNENGEME (Visual STM) &M licd 3, fE
e o REREE BRoRNLUOWMAOMEICHE L, # 1200msec TH 5, HENE
BSESEE LTV AMIK, S22 —VYOEBRBMEESH, RBERIBEINS,

B, #MNEBERBOEAEENAEICE T, VISRANEARRICEET5EEA 00
XD > Txt, (Glezer 5, 1973 : Bridgeman, 1975) %, & (1971) K X 3%k
Sk 5T, REREPEES, MEETE (208, 21%) BT sEEL10N0%,

SEHHORZHEO =2 —u Vid, BEOFAOAXBROBICH L TERNCKRET S
wEH LN TS, (Hubel, and Wiesel, 1965, 1968) Z DI, preferred orientation
(B@EHAR) EMENTVE, BUBEEFNAR = 2—a Vi3, KKKRE»LAEICHD
BEIERICES 5 T 5. MEOFLRHAME, O SIERL, BnicELARE,
BEOBBEANEE > TS, TOXD NMEEEL, AREECRST, XDEROPIRICE
WTAEEL TS, (Zeki, 1974)

EiE L7 2 —YOBEEBROBHLEFVELT, 20X BEEE b >—RTHERE
gEnEZONG, (M2—6)

T3, BRINAZ—VICHET 2 HREED, TO—RITHREEL LD STM K
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PERSISTENCE PERSISTENCE
270 msec. 1200 msec.
VIS
M
RETINA VISUAL CORTEX VISUAL ST!

ROTATION RATE
VERBAL STM{e MEMORY SCANNING RECTIFICATION
1 msec. /deg.

H2—6 MEEXEHEAIROIBETIERLEO 7 oy 7 8K, AH/v%— i, siom
MBIRENT VIS KA o605, COHMICEEIHESN, RENS 2 — bk
H&h, Visual STM fFL 5N b, COMOD 13XFES2, HEEESH, BEN
4 * —SIHIRT BLHEIN LTM » o 5iAHENT, Verbal STM iWimiksh 3,

b, BEHFMIC=a—0 YOBBEHNBELLCELLTOEDT, /24— OEERZ, #HiE
HREOHEBEICHET 5, thYZ, BERKE, MREABLHEIANCBHIEIFTESR
b, O STM OBREEL, #4237 LTMOBBARZLTHY, EXTH IS S
T, MBRREORHIKL S, COlHE, STM & LTM oEMHBEIKE > TVWETH

53

visl STM O OO O

VOO

Rectification

Process

bome=d

r~3a
()
I

B -

LTM matching

X2—71 [EEEEEDOFEEE 7, preferred orientation 73> L4 oZF(d 5 kS5 73K
FIT= 2 —a YB—RILIKIEA T B8, EREER, HREE % - OEBH
KT 50 COMBENERO 2BOMRREETHEEAIN S,

N E K

AKERICK T, DUITOESHEOMITEINI,

(1) BERRENAXEIOERRT, XFOREADOEME & BICED LI, TRTO
XFEBELLTOEEARR, 4.5XF TRTCOXEBFLLTHEERNE, 3 X
FhHAHE oI,
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(2) 25IC, PNXFELENXFESABIZGEE > T3 XFFHOBEAR, 1312 90° Hiz
U XFF0EFFIC—HL 1,

(3) XFFEimAs L HREMHIL, BEERAOEME & S ICRIBICHEM U7, EMXFEEEILI
FICKNT BEeH L DRz, —XFEH DK 100msec TH - 7o

@) EEUXEFIBERINSG E, —XNECEKERBEERETINTO B,

(B) ENUT—XF45ALELOCET ZHHIL, BXZ 270msec TH - 72,
INODFERMS, PITO LS ICH®mL T,

(1) —XFE 25EHELEDIBEOBEEEOEIIL, 180°IC D% 100msec Th 5,

2) REREHERE (Visual STM) ofFfEREIZK 1200msec TH %,

(3) BERZI, BENEPZROBRICEIN, ETROBREBAE LS,

B ARERICHL, REBAL TORREOEREER, ERY R 7 L0ORHICHEN
WD e RZER T EZMORABR, MMKRERICEE LTI, X, BRCHFREOEL
RO ERREHER TR HhEE, SRBPEBRICRHL LI
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MECHANISMS OF VISUAL PERCEPTION OF
ROTATED PATTERNS

Tosuio INUI and Ryoji SUZUKI

Part |
Shepard and his associates first suggested that when recognizing rotated patterns,
there exists the process of mental rotation which is the recovery process of the orienta-
tion. In order to verify the existence of this process and to examine the details of this
mechanism, we followed their experiment with some modifications.
Part [ of this paper is composed of the following three experiments.
First, we examined the process of mental rotation in detail by the same way as used
by Shepard and co-workers. (Experiment I)
The results of Experiment I can be summarized as follows:
1) In determining whether the test pattern is normal or reversed, the process of
mental rotation might operate as suggested by Shepard and his associates.
2) The average rate of mental rotation varied somewhat from pattern to pattern.
3) RTs were shorter to the normal pattern than to the reversed pattern by about
100 msec.
4) The average rate of mental rotation had relation to the familiarity of the pattern.
Now, mental rotation is considered as the process that a test pattern is rotated men-
tally so as to congruence with the right image which is stored in long-term memory
(LTM). Consequently, RT is to increase with angular departure. It will be expected
from this point of view that if any other rotated image is registered in memory as a
preceeding pattern even temporarily in addition to the right image, mental rotation
will occur toward either of them and these process will be reflected in RT. Therefore,
we investigated the effect of the preceding pattern. (Experiment ] )
The result of Experiment ] is interpreted as follows:
1) The rotated pattern is adjusted its orientation so as to match with the information
stored in LTM.
2) Information registered in STM persists within 10 sec. But it is used more efffec-
tively in the earlier period of the persistence.
Finally, we investigated the dependence of the complexity of the test pattern on the
reaction time. (Experiment [[)
The results suggest that complex patterns are devided into parts and then operated

mental rotation part by part serially.
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Part T

The rate of mental rotation was investigated by measuring the effect of rotational
angles of letters on reading tasks.

First, we examined the number of letters correctly reported when two rows of letters
are rotated by various angles and are presented for a short time. (Experiment [)

In case that the test pattern of eight upright letters (S=0) is presented to subjects,
the average number of letters correctly reported is equal to about 4.5 letters which agrees
with Sperling’s data. On the other hand, in case of the test pattern with 8 inverted
letters (S=180), the number of letters correctly reported is equal to about 3 letters.
And it is found that the more the rotational angle of the letters, the less the number
of letters correctly reported. In case that the test pattern consists of 4 upright letters
and 4 inverted letters, the number of letters correctly reported is almost equal to that
in case of the test pattern of 8 letters rotated by 90° (§=90).

Secondly, we examined the relationship between orientation of letters and the speed
of recognition. (Experiment [)

The result was that the mean reaction time for naming 8 letters rotated by the same
angle increased linearly with rotational angle of letters. Furthermore, the mean reaction
time for naming the pattern which consists of 4 upright letters and 4 inverted letters
was equal to that for naming 8 letters rotated by 90°. The difference was about 100
msec between for a normal and for an inverted letter.

The results from Experiment I and ]| support the fact that the rectification of rotated
letters is performed letter by letter even if they are presented simultaneously, and that
the speed of the rectification (mental rotation) is about 100 msec/180°. Our experiments
are also suggesting the mental rotation is performed with information stored in
Visual STM, the persistence of which is about 1200 msec.

Finally, we proposed a neural model of mental rotation process based on the neuro-

physiological knowledges about visual system.



