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Rotation ; Shepard & Metzler, 1971), 7032 % DG Lol EIC S\ T
W ERFEG IR SR TRV ORRETH 5o —FTH OB E
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B D, BRENRT VA A TD key 3 F TOHRE A 0.5 msec D
BEXLo Tave. -~ 2HOREICIVAESh, BEIND,
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DA 4:6, 5:5, 6:4 Kieh X573 00FKENRT bhic, Ehg
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BfkEmd, 1. 2 8o THEbIhdo
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Fig. 1. 1. The stimulus arrangement for Exp. I.
A luminous spot moves from A towards B at
a  constant velocity. The spot disappears at
C. The S was required to report the moment
when he thought the spot arrived at B.
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1. 2. The actual time interval for the luminous spot to travel from
C to B (Fig. 1. 1), plotted against the time interval estimated by the
S to be that interval. All data points are single judgements made
by 12 Ss on three occasions. The line connects the means for the
12 conditions investigated. The dashed line shows the positions
taken by the points if the Ss* judgements were all accurate.
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Fig. 1. 3. The same as Fig. 1. 2, except that the two coordinates are in
logarithmic scale. The line connects the geometric means for the
12 conditions investigated.
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1. 4. Distributions of the data points for the 5 velocity conditions.
The standard deviations for each cendition is roughly proportional
to the time taken for the spot to traverse the distance between C

and B (Fig. 1. 1).
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LI o fohy, TR DEE, Hb CB/AC 28 4:6 DRFTIL,
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HLRAEBILRL - Tz (=279 VIRE, F=1.67, P<0.01), &\
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2. HEEHOFA —Fk I

2.1 £RAW® .

FER T ORd BMAEGESHO THCKR T, “RITHEEO T
RLBEHCHD, FHIEREE L DR AMEESCOWTRAEOERE
7w, FREMEBLOBCEFHLNMCT S LIT LT, FxDEEH
TEEABE NN 75 5 3 DTH B EHET B,

2. 2 SEREE - PR FH

HEE s e a2 v . —2 IV HEE I CRT 74 A7 v (F
BRILAUL D) EABBOYEE L TERIhS, T4 AT V4AHE
13 12°%19° DR EZCTHDOEE, 2 OHEERE 86 cm OB ICE D
'héoﬁ@ﬁ%®¥%m%m%h,L%,&m,x&m(mﬁlum
5°, 10° o) TH %o EEEEELAIP LA LT, 150 /sec, 30°/sec,
6°/sec DR, HEAOMBIIE LR EL LT £90° o - @HLL
o ¥ THBIMSRAS ] & TADFESFREE] L2350, MIMHL
TREMETIL, MBBNCAET S, 36 EOE» b sME#BERL, F
EURG T, SEADMIMLER Uit ¥EBtABHOER
B (EUREEEED 1%, Ao EEEE (b0 300°) & BRI L9k
EREEEON ] XD AEL, FhICiX 7:3, 5:5, 3:7 Oo=MENS
BBHo BT, HOoPLEEBORERLIXCThOEHET T
WEEXETRINS (]2, 1, 0, A HBREEXNOER L LT
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Fig. 2. 1. The stimulus arrangement for Exp. II.
A luminous spot moves from A along the cir-
cular path towards B at a constant angular
velocity, and, as in Exp. I, disappears at C.
The S was required to report the time at which
he estimates the spot would reach B. There
were also conditions of the clockwise rotation.
At right, the condition is depicted in which
the S had to trace the circular path without
the help of the circle, which he had in the other
condition.

BESRIBMETRE L (AL D C~), Y oR S 1SS (B)
CEZE L EBLNDWEEE, FUVEA47 D key 8L TEHRS 5,
2 ave. —ZAORKIC LY, HOMLEALD key L OB
M CCREB LRSI D, BRECXIZA(GHL64) D
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HFEROME (4 90°) HFHACAI /R 5 BEE L 4 Ulehr o 1o d
T, UTOBRIMEESHE T~ Lich D ET 5,

MIPOER, FERXETOBRDRELESE Ldte, RAHEETE
DBOELLT, FLBAEHTRTFHECE L LT, Lir Lk
BTRVWLEDLEDD &, WL 2T Hosktd, 13LA CHH
DENL DDOF B RIGERIAE D Do too (BB 3 DD LNF DR KT,
1 22NIER T o foo)

BBE OR Lo TSR] & RERER (0 % 0 BELARE HILS ol
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—BLTH LR &1, &AMNER & L CERE R (FRERHZ/N.
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==X 3,75 cm
—8-— T.50 cm
1 X 4
TE W | 3 [ i i

0.6 1.0 1.4 3.0 5.0 7.0 15 25 35
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Fig. 2. 2. The actual time taken for the luminous spot to
trace part of the circular path (CB in Fig. 2. 1), plotted
against the S’s estimate for that time.
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DEBETILBPFEMBAE DRz &5 2 ETH Bs = h SOMERILEE
MoH 550, BUEHCIEL TV,
EEPPEORD L, RIGHEOBGRE RS wic, #EELETOM

100 =

with circle

P I T I
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~—0— 1.25 cm
100 = —X—= 3,75 cm
—&— 7,50 cm

Deviation from actual time taken (%)

without circle

_ i L1 1 L1 1 1
0 e 1.0 1.2 3.0 5.0 740 15 25 35

Aotual time $aken (ses)

Fig. 2. 3. The same data as in Fig. 2. 2, except that the ver-
tical axis represerits the per cent deviation of the estimated
time from the actual time. The difference due to the differ-
ent radii of the circular path is more apparent.
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WRIGHEE (EEERE L0k E% TEb T, FEHEO 2 5% 100 &7
%o) W 2, 3 WART,

M 2. 3 bbb LE, REVPADOELET (ROEHDTH) T
1, PRI HBEEBEbRIS o 1o, WELS, M ETe b LRI X
BENBREIRD, BICEESOLE (30%sec) TLHILEETH %o
EBERORDHMUIT L BRTRL GBL) KL T b, FEhs
FRERE, EBRIP—-FE»r L (B RIELTWwa, L, &K
OEFMOER LN EREL T2,

EE ORI LHEARL S oA 3:7, 5:5, 7:3 L&kLE
Ba, B, NOEELETED EVENR DR T, ROFH
(150%/sec) Tk 3:7, 0% W RBHVE A A (2 F D IERHE S
BLEV) SHECRVT, AR OFEICR LB REEOR KR O
MR SICEETH T BEDOEREEBEEL THR IS,

1) ESRICHE L TRRBEON D, BEROEHATERREL, BEED
DEMETITEI Do T (2. 2) DUk, DRI X W ERDEZEN~ » TV
JERBTESDZ LM BRT WA, Regression (DR EEZ D &N
L5, BBEBEE, BRCT 5 oMk OEOHE
¥, < v FTHUFOMBOEORAECK L TRIMAEHELD 5o L
Fedio T, EEHBOGECEL T, FHRHOBEIIE /8%, L
2L, CHhIRBERCZ2oREIAFETHSBAD< » F VI OWT
EPRTHELDT, BxDERO XS KBACIEIYTULELRVD2D
Mhis\se £5 THAHR bIE, BRI, ZhERD L5 IfERHO
—SDHEPNTHD LS o SRR IES D 2 — I, BB
BBk AR R A 3 A OB, ThARML LS5 & LT
WAEEOTELICE LTIV, BBV 2 iU, Hap L, ¥
BB AEORAICILE BRAND D, Lichis TETHRILKR T D%
&, EBoBhI Y LTBHEOPIMRLDOLUTERE I NS,

2) WEPO R AEMAEL, RiitwGaoli L TR
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PUBD o RIEFI OB RATIE, BB MR RET L
B UL, BBRE O 2 S BEREENIM XD L ERKRL O, T
ERCMETVCEERNRLOTH - T, RxOFERBRX BV
LDbEZ DB, WREOHEREL L 2 EMTALORBD B,
BT TR L 5 T 32 o sSr b, & OEDFEY
BET AR OREE, M L] 0FHFERTRWEEE NS T
%7550 (F24F Smith & Sherlock, 1957), oz L8 THB L ) 0k
HOFRBMAEN T 52 LTI sk » oDk, Raso o ChIE
LT 50, EEOMBEMEHT X AREE OB (PEkoiEripE
FTIRZ D X5 BRI ki) Tikied, MECRT 5HEEBY
MAEO VA TOMBETEAZ LD TURTEDTH B EVL L5,
(B MHOYROKRXIDEBBILOWTIRER O - LN E 2 5, SR
(150°/sec) DT 7e RIRL B bhinh o foo HENFH E/ND
Ba, L edhoBs (30%see), PENKRTH 512 ETHKH RGO
X, TTCoNR, BEMCOEEOB X 2RMEHRNCEBRTH L E,
FOEEOHENBTD LTV B o & EBEET A EBbh b, iil
COBEOWE LT, BEORNLEE (DEVPOACIAEE) ik
By, EBOEMRESORETH B, AIHLRE T 30°%/sec DEETH -
T, ¥EOPNZATE, EHOERES OBREINE L, BEOK
XM TIRAE LV, LT, BBoORXRAOBE, BEEOCRMN
ZERNOREER, TTER2.2 TROhISCEROEE YT b
D, FHIMMITEEERM IV LED b, TRAREE X RDOEHE
T, FLTHHRE  CRAROFAET TR, 20 X5 nfilsdlbh
el foDIES D o FOBEBEL, 04t GEEXR Tk, £A0E
BRRIZAR L E (2.48) oT, BT, HEBERERERE (Visual
Information Storage ; VIS) TEEBINGOBENIRIFBIN TN 55 BLIC
k2 i S n DT, ThBHRBHREL DERNIZDTH A 5o

@ WEES LRSS LE L LT <D, RESRTH
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BEBETRFTHoto THIE—R 3. DLZATRN:, HEBKRD
EEX, PEROKREIOBENR DR el EEFETHLDLH
CR%Zb. LsLHMIE, Z0&ETE VIS RRLEFTH LEZAHRDH
BTl FTRTSOREIED TRERPELFOLELTIV
2H5. B, FRABEFIIEVE VIS TR ABREITHEEL, #
EEPRIEDFRCID, TORRI OLGCREEERm (0FD
KR L D L PHEMARL R B) PEELRDLDES Y,

2. 4 ERIBIVIORE

LLEHEIRIC2ODOHREND, KO EDVERINHIESS, E
BRI CiERIT LBERCEB T, L LERBCEL TThiicd
DTHHH, FOERTRHBBREI 2 ) OREOHAIT e TER
BEFELEDL Z Eidibh oo, FRIT CIRpERE lfERc v T
ok 2 FhaE L RAE “M” Tho Th, ThEEECER %
TR 5 o LN LD T, £ 2 ik, EHEBOME Lk
FEHOMENE L Bl eMBAY HEETHE EXBRL, —2DOFHE
P& LT BELD - T, HFER—c A BEREERIE RIS S h,
ZOBEGEENERE S A BARLAE S h b, FEHOREC
VIS 2EIR L T AR L /R T uico

ll[l

8. HEEHCHUIIREE —FR 1

3.1 EHA®

EEVNE O TR L SE O RMREHE LBET 5 LE 2 bh b DI,
HOARNDHROBENC L b5 HETHH D0 2D X5 AR O
ETHETFTERC KT ARROBE L I1XEs T, HRBEICERS L
BEGOBENIL, ERREIOEE 5 HBENREND D 20
SEE I ET S, 20X tHDEPLE LEREEE (Radial
Motion) &5 (lttelson, 1951),

DX BRI B 5 HE K BIR R L o ER OB 21T
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IV, FhwE, ZRILMAAY L&D EBRNRICTT 584 0fF
B REOERORIELASAL LS ETHLDTH B, LDOH—
HE LT, HEHACEET 5 o 0R S OB HEE O Hl i B
wE 2 BBEROGHETLS o
8. 2 KEBRIEE - W - Fin

iz = ave. -2~ (RRIBIVIRERbALL D) T
Xo#i@Ehic CRT F4 A7 v4 (AL) ERZHOMHELTERE
n5 (3. Do xOMIRK 3. 2 LFx0RO@IRE I BEHRTEL
T %0

h BHRORES, S IMEEL L ARMOERE, S TXKAFEI LM
BEcoEEE, b idRCERT HHEEROREE, o ZIROHEED
BHRRTH Bo IR REFCHEEC D D &R ET 5,

SREIBEZECN, CRE v TEETS L, S 3H4BAL, H
FBEER t TERIRBDTH B, TOM b XRPLooHB S
ORBER L L TR - TET B, 0 &S WEBEELLRD
o h 11X S oMk L TEIT %,

KB Hico T, h, S, KLU v CXhEhEFNREY 5252
LIl BN, I RBEIRICHR T h ik 2m, 4m, 8m, S LR

O(

Fig. 3. 1. A typical stimulus arrangememt for
Exp. [II. The two circles represent objects
of different sizes at an identical distance.
They increased in size to simulate radial
motion towards the observer.
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-5
t=-3 )
h S
W=—= 17 ()
dh’ dS h§’ hS’
dt © 7 dt St VS ®)
h! 8
A=y T @

“dt
Fig. 8. 2. A schematic reprentation of the retinal image of a moving
target. h: object size, S : distance from the observer, $’: the
distance of the retina from the lens, h’: retinal image size, n’: the

refractive index of the optical media, v : velocity; t: time. Equa-
tions are also for these constants and variables.

S\ T 40m, v 1L 10m/sec, 8 mfsec, 7 mfsec DEXThENE2
b o ok bo BRI, EOX3ILTET BT 4 AT LA E
D (ZHE) %% LROERE) bHBREINEET A0 TH S5, BEE
BENRTRE e DT, WEBREOMEEOBLEL, T4+ A7 vA4 LofHoxh
CHRECHIET 2T TH B, (BT Ml EnTtuesholizo
Lo BN L THES] LRZEEEZ T M 2mORRILHFE R
WRWTA0 5 DA ER D)

WL (13%0KZ4A: 5% 2 Bikde) LEBRO IO CE B
SEEZTE, ZEORBEYRT + AT v A4 BRI AN ULt
KHESC S CAD? DEFRE (W0m) ©HD, L DREDORE
INRHELL AV & BB &, TOREWILH T b LILFH TH

- 19 -



AR

XL, ERCLTHANOM LA (BB, ThEEELT
ELLDOMRLDESEH T B 0% [H &b bl OBTH -
HLTH B5o KREGFIZEDD (WHEoRkEFx] & [HE] ofaw
T, TERIMER 2.0, 2.7, 3.7, BhR I (3x3x3) 2TED H b, <
N BTN TEERE DM KD b s !
3. 83 BERIUvEE
3,3.1 AEITEEOEE

B3. 3 KLV 3 4 BRRE T LDRLDTH Do B LA LEHERGE
DEHBOFHERIT o hbegdihizyy (ZhikR3. 58LI0K3. 6%
Do K 3. 3 IXFHMMKMI L A HBEOTEEEROL Y, BEDCHEL
BRFICALLDTH B, BLINERNROREZIDHAEGHLEHICRELT
HhHo 3. 4 1FEAULBEHBBCIAHBRECOTEROELEY, Wi
DREZIDEELEHC LT DT, BRLEFNTEEOCHGHERNICRK
LTHoo T3 3K 3. 4Ly, IVRERSENEEELDEL
BTl BEE ERD &, KAHCE /& W5 1 0 < Byl T s
5%a CEAD LW RALTRLTS %,

MRCHB L TROEBHA L TH b WHET 2 Zo0dSRoME
EVRTHHE, EERIBLTE V. @I REARER L VELT
WTWBGRIEERIE QKEZDREGHET, FOENRKTH
30 Cm-gm) B, EERIIE . BL, FRITLO KREAEn L
DESESHAEREDND, XD/ EA L 0 ELE B AL,
LBLAREIDENNIVEDO Cm-4m) OFNEEERNL DE -,
ORI R I CEEENE V, B L, BEXLEEZOL DIV
TH D (7mfsec-8 mfsec), M OREZDEVAAEZVL D (2m-8m) T
VREE R O TR TR .

BT, LEoBRYEEL I, OEEENKTH BT EEEOLE
FIE BT D DILMURT, TOMBIEBERNKELDDES S, )
BIOQNSBRARERELWNR IR L EE, § LIAENRAT
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Fig. 3. 3. Per cent correct responses as to which one of the targets
was moving at a higher velocity. The graphs are grouped accord-
ing to the combination of the velocities of the target motion.
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Fig. 3. 5. Per cent number of responses in which the S judged
the larger of the two targets in identical velocity radial mo-
tion erroneously to be moving ‘“faster ™.
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Fig.3.6. The same as Fig. 3. 3. except that the per cent responses
are corrected for the tendency fer the S to report the larger
target to be moving faster, as is evident from Fig. 3. 5.
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FINAL RATIO OF TIME DERIVATIVES

Fig. 3. 7. The ratio of the time derivatives for the two targets at
the moment of their disappearance from the display. The time
derivatives were calculated using the equation (3) in Fig. 3. 2.
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