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Spatial and Temporal Determinants of Contour Perception
of Occluded Objects

Hideyuki UNUMA, Hisa HASEGAWA, Philip J. KELLMAN

Abstract

The authors review spatial and temporal conditions for integrating fragmental elements
behind an occluding surface and for achieving perception of contour and objects. Models of
middle vision to account for contour and surface perception are discussed. Specifically, critical
experiments on spatiotemporal interpolation with motion and occlusion are reviewed. The
authors also suggest a unified account for object perception, including contour and surface

processes, and local and global processing.
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RERFEOEFETEDTIIRL, 72218 MoLokwy > T THhY, [EOVWTLHHT)
H| THb, ZOL)BHMEDIZZE EIZOWT, YWERKIHE (object perception) DA 5
TR - A AR S, F 723500 O WL I 2 5 B OKE, 51X
RO T2 BREIFRLIL O SEIZIZ OV TOEFVAREENTE 72 (Tarr & Vuong,
2002)

KA, MHIBE (early vision) (2B 1) 5 HEEMOMM A S, 1 (surface) &
T (shape) DB IZ\72 2 I (middle vision) F TZEHUY) FF, FEICEH S 7z
(occluded) Wk i Z4H B AE & FILER O BIFRIZ OV COMBHMW IR HIL 2 2L, =
N OBIEND AT & ZEPECOARNED], K BEOZEMI B & ORI AR O WG
T2, SHIZINETOMREE SR EBNEREZLRT,

VEARE D 5 PEREE ISV - 5 EHRLIEETE

NHOBFRIZ BT B IEHILEIL, SEAM 2RO R ZER A 2 BEFNA LT 2 DD R 54)
HiEEfEE oL FE 2 5N TE7 (Grossberg & Mingolla, 1985; Livingstone & Hubel, 1987;
Kellman & Shipley, 1991) #J, 1, 77 AF 27, BT, EHZR EoEMHIE, THERO
FElE & B9 5 KM EAE (surface processing stream) ~& AJJ&N b, —F, ThHo
IBEDZE M & 5 XK TTIC BT 2 A 2L (discontinuities) 1, # (= v 2 edges)
R#E (Vv v 273 ¥junction) B L, 5K ERLES 282 MRS 2
7% (contour processing stream) ~& AJ)E N2 (Figure 1)o 2D X9 % 2 00WEDX
BIE, KM% 7— % (Kellman & Shipley, 1991; Yin, Kellman, & Shipley, 1997, 2000)
Za—FNVETNVIZESE Y I ab— 3 (Grossberg & Mingolla, 1985), & 5 (ZIFFfEEHE
2097 —% (Livingstone & Hubel, 1987, 1988; 7272 L, LT B Z & | Tootell, Hamilton,
& Switkes, 1988; Schiller & Logothetis, 1990) (2 & o TSI N T & 72,

bbb, WERHE (VI V2) 2B A8, @, Hhn, mReE E5)k &0
H 2 B BIZ DO W T OEL (e.g., Hubel & Wiesel, 1968; Fischer & Poggio, 1979) 1%, Zi
5OEMEDLILL & DAL ZALDOREIZ 53N b 2 ENMGEEN L. T, MEOAR
i 2 ZAbO AR 5, @, ), 77 AF 2T, WMRHER EORNEESFEICT v D
ELTHE SN, WAL T S 2 LI2L % (Gibson, Kaplan, Reynolds, & Wheeler, 1969;
Julesz, 1971) 0 —75, ®W#HH L TZOHFIMP—FRWIIRESINZVEE, Vv vark
LCE#ENS (Figure 2)0 Y ¥ ¥ 7 ¥ a vid 20 LOWEIRETLHTHY, ik

104



W S N7ZWE DB IRAIE & BlE T 5 2RI B L ORI St

VR /ﬁ\
/" Shape 7 ! \
R tation D /" Representation of
, Represen i “,_ Object Unity /2
;/ v NS
A A
Boundary Surface
Interpolation »  Property
Spreading
PR P —
o Visible \
£ Region ~
= X / £
o v 4]
] Contour Boundary o]
o Integration Assignment )
£ c
n K7
3 A A 2
Q 5]
£ o
o o
o Detection of gz}:sl'm of 3
= Edge and Motion, £
8 | dufvcliene | Texture, etc. | 6?)
A A
C Optic Array /

Figure 1 A framework of object perception based on Kellman, Guttman,
and Shipley (2001). Rectangles indicate perceptual processing
stages and hexagons indicate visual representations. Top-down
processes, such as feedback from shape representation to boundary
assignment, are not shown in the figure.

LI LIEE OB DRSS ZEL TWAE R THED, H—WROR oA EHEOYE
b & o Kellman & Shipley (1991) 32D &) %Y v v 7 ¥ a v 2 EEAER L (tangent
discontinuities: TDs) & L CT—¥F L7z

EC, WELEBEARIC B TR E O A EIRW 2 KT 2 WL E AR (orientation-
sensitive unit) DIEFENATZZM MY % BARIIRAE L 26 MA SN, 2O/, HENRI»E
% &% (Marr, 1982; Kellman & Shipley, 1991), 7272L, ZOWHABEOWEICE T 5 »
&, —EIZZROTH 2, LPLINSOWmHRO—HRIE, LIFLEYy 72 arizbe
DWW Y 4% (occluding edges) |, 72D EZDOERIZDH 5 WK Z Eild 2 WO
e LTHEENS (Figure 2)o 2@ [T 5% ] 12BWT, EHROEF Y BT (boundary
assignment) OFHBPE SN, EHFIL GERSNA2WETIZZR ) T A2HoWRIRT
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Junction

e ‘o

Figure 2 Edge and junctions. This display is seen as two objects: a gray circle
and a black oval. The edge shown with an arrow is assigned to the
oval. The junction in the figure provides information for boundary
assignment.

HI LB,

FMLHERBICBWTEIAL S, o, 7AF27, BTE R EOKRMEMNED, Al O
AT 2 [k ] 25T L 2 WHEFANTREG S, —fk%, &5 Iiddkmic2y s
REFFEDOHESEM SN D, T OWHE (visible region) &, WHFBEROMIIEHmME SN
TG REFT L WA EOEBICET 222 RH L TWwE (Figure 1o 72& 218, Figure
2IZBVWTHWKEOHEIBII—HEHL 2205, 4570 30WmHMIMAO—EB% KB T 575,
HATFO (RIF7ZMEG D) WEAZ DIKEHEIBICIIE TS LIZRB L 2v, ZOERRT, TH
FHIHORBIIMEEHEOEHTIE L e T4 D5 Figure 2 IZBIFHIKED [ &6 % £H
THLDTIE BV EIEE L2V,

Figure 2 |[ZR 6N % K912, —IZhbIvbIO GOl ) OEREFHERIEIZBWTIE, H5Y
TRIZMOYRIZ X o TEIGERK SN TS (occluded) T EMNITEAETHLNE, FO
£ AT HERO KRB OATLEOMEO &R LRI T H I LIETE RV, £2T, H
WOWRIEDIALT B 720120, AR Z A 28 (interpolation process) % 7€
T2 UENH % (Grossberg & Mingolla, 1985; Kellman & Shipley, 1991), \» { DD FEERD#E
BN, 2 O0OHBEROFIE R R L TE72 (Kellman & Shipley, 1991; Yin et al., 1997, 2000)
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BARMEETE (boundary interpolation process; Figure 1 ZHR) 1, —EORMFAWHIFIIZ L7
Do THBOWRERET H 2 L TENL DM & ZER D 2\ IZE R IZHiE T 5 (Kellman
& Shipley, 1991; Palmer, Kellman, & Shipley, 2006; Keane, Lu, & Kellman, 2007) . &KE#HEEE
(surface interpolation process) 1%, Hi5tAfHI#AR & HhaH L, Ll O &% THIME S h2m R o N
KM EZ IS ¥ % (surface property spreading; Figure 1), Z D%, Figure 2 Tl

JREDOH R EF OERIZHNE SN D,

FliRTEAE A S O HINIWIEDO— 1K1 7 2Bl (representation of object unity; Figure 1) % TR

Tho 72720, ZOXRBBWMZESZ 722w
L3d %o Figure 3a TlE, 2 00%&% b OWUAEO
W OB BRIABBN T ORI S NS, K
WOV EDDEDILIL, BROMEO—EI 2
5o TOMEIX, HHAHEIEBENTE T LHTE
THHE T B AR SR TR C S 7z 2 D ORI &
FEODUT 205, £ Ol S N7z dm BT IR L I3 =B
ENTVHEWVI EIZE o TEL TS, THITHL
T, AR AT R R S DN 72 S LB Stk
TTIRE) WS RREEILL, ZOMER, Bo%k
B (shape representation; Figure 1) 29EK &5,
Figure 3b TI&, BiftHliH A2 Figure 3a D& X
D ORI Z MM T 572D =ARPHE S
N5, ZOROEBRIZ, L) EROVURLIE (high
level vision) (ZBF 2 W ADOBIHEIE~ND AT & 7%
%o %8, Figure L IZITREN TV WS, Yko
Btk (familiarity) % #ME (symmetry) OR)R
DL LEIGEIEN S DT 4 — NNy 7 P EROE
DUTHENIREEHIZDIEPHASNTVWES Z
EEZE TN, BoRHR, L) EROFEEHEE
MOEDT 4 — Ny IRELIRESIND Z LIk
% (Kellman, Guttman, & Wickens, 2001) o
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(b)

Figure 3 Unit and shape. In (a) we perceive
a unitary gray surface despite an
absence of complete shape. In (b)
surface spreading and boundary
interpolation gives a shape of gray
triangle.
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Figure 4 Types of junctions. The Y-junction
(a) depicts an object corner,
whereas the T-junctions (b)
indicate the gray square is passing
in front of the black rectangle.
The X-junction (c) depicts
transparency.

Y vay, $hbbEGAEL S (TD) CTHES
Nbo 72721, T_CTOH TD AHifEEE % BRE) < & 5
DI TIE %\, Figure da TR>MHEOMIZHT22 T v
YU va vy e b BEL BT 5 i kv
YYrrr7var), Zhixt LT Figure 4b Tik TD
(TYxY>rrvay) PoRBINHEIZL T,
WA SSEROT ROBERE CEESNTHRIND
(He & Nakayama, 1994; Kanizsa, 1979), F72, X Vv
Y va Y IEERHAE B EE S (Figure 4c) o
SR, I AERRE OB RIHET H L
TTD AL L, & 5O ASER) O >R 55
WHETIUE, IR 2ZZEMICHRET A 81
THVL T % (Figure 5a) 2%, C OB\ IE, i
SEFh (HbWIET YY) OMIZ—EDZREMIT b
BT BRATEAE T B BRIC O ALILE 4T S8 5
(Figure 5ab)o Kellman & Shipley (1991) (&, Z D#
ffer iR &2 [BIFRD I W RElE (relatability) | & X A
72 (4878 - Kellman - I, 2005), Figure 6 |25\
T, El & B2 3ZEMMICR/Iz 07222001y VaH 5
b L, Figure Sab DZNZND 2 D OFGFH GG T
5o RETIEZENZNOTDIZBIILEHTHY, 2
NEDEMIZAE e TRXboTW5h, BRI HE
PO, El OWREGR L L2z H 0 E2
F T 90° DUA O HEFH e CHAEICA LT 5 & & 12
W23 N5b, TNENOWHETIL, £y VOMEEIC
=T B &AM S D BRI R
X, UTORXTEHRBETLIENTE S, §4bBHEL
& E2 BRI RO AST 72 S LB RSB Y B3
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R 5 R
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A g
b b
(a) (b)
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Figure 5 Visible edges and their “relatability”.
In (a), the sticks or visible edges on @ ()
cither side of an occluding object Figure 6 A construction defining “relatability” based
can be seen as belonging together. In on Kellman and Shipley (1991). Two edges
(b), two edges look separated. After (E1, E2) are relatable if and only if 0< R cos
Unuma, Kellman, and Hasegawa ¢ <rwhere R and r are perpendiculars to
(2005). the ends of the edges, assigned so that R<r.

(a) Reprinted from Cognitive Psychology, 23,
Kellman, P. J., & Shipley, T. F, A theory of
visual interpolation in object perception, pp.
141-221, Copyright 1991, with permission
from Elsevier Science. (b) After Unuma,
Kellman, and Hasegawa (2009).

% (Kellman & Shipley, 1991),
O<Rcosp<r

CORDEFFOAREFERIL, El L E2090°ZBR 2 VHPITRESNAS ZLEZRL TV b,
e I EHRAIUL, cospldBE LD, T72, HFTOAERIIR O r ~NOFFEH r OHiH %
HMRRWIERRL TS, TNz SNZ e &, El & E2 2@ CHFEICHSZ &8
W& 2%,

72720, BRI MO BAZLIZBRMIIIRE SN TE ST, ¢ 230705 90°F TEALT

ZONTHEBIIZBEROT O [RE ] AT 52 EARENT S (Kellman & Shipley,

1992), F 7z, WHRIEEE O ALY (Guttman, Sekuler, & Kellman, 2003; Takeichi, Nakazawa,
Murakami, & Shimojo, 1995) & BIFRD U W B IZARAEN & 2 W IZHHIAY I @) < 2 & 234 &
NnT&7,

COBROITI R L W) E R TIE, 2RITFHRLEICB T 2B AMEBIEOE T IVICIEE
3, BUEE TIZ3WIcZ%EM (Kellman, Garrigan, & Shipley, 2005), 3 & OWiE % E# O
THE (BE) T2EHEEOHME (Palmer, Kellman, & Shipley, 2006) (ZHhiE S T & 72
F72, FRICHMBREORMNZEE, T 4b5 20EEHEE L RHWHEIFIZO W TORED
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HD 5N TE7 (Guttman et al., 2003), LLFTlE, $FICHMAZGHIMICESZHTCT, Ih
T CORETMERMBEOET IV EOBRE SO TREMIEFTLZEICILE ),

5 RAHEERE QR RERYHKY

BRI & 2WBOLEKBETE

A R AR R A AT A 7o DI —E QS E TH H 2 E BTN E TOW%E
THOLNII o T Db, 72& 21X, BERMEIC X 2 WO ABLEREZ WIT v 2 L #H1
vy (Wb s EBNERE) % HvCTHE L7z Guttman & Kellman (2004) (2BWTCiE, ¥
Ty DI L A HHEETIZ80 I VM TEMZWIITER S, L Lo R LR
THZOIEMESIIE L h o7z SIS L THEHMT v DI X ) A S A B EIE 120 2
VB T—EDOEMSIEL . —7F, ZOEBERT COMIRRMIZ, il S5 225
DORESIKFELTHWRT LI EHRENTEBY (Guttman et al,, 2003, EE 1), T OFFEIL

™. Possible dot locations

.

.

.
. - -
-

.
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,4%: min of arc
/ .
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' starting .
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Figure 7 The dot localization task and the schematic diagram of dot
placement in Guttman et al. (2003). The dotted line indicates
other valid dot locations that could appear during the staircase
procedure. Reprinted from Journal of Experimental Psychology:
Human Perception and Performance, 29, Guttman, S. E., Sekuler, A.
B., & Kellman, P. J., Temporal variations in visual completion: A
reflection of spatial limits? pp.1211-1227, Copyright 2003, with
permission from American Psychological Association.
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fHEEE DS OHER & & D ICEMMICEOMMEHZ)AITE 2 E2RIBL T 5,

CIC, REMIICHER L D %) MO ZEME IO W TOERFENS, T CIBRL
BRI EEMEE 7V ("0 — V) DISIEN LT L % 5 HICEEILETH L, ZOME
FEEROFHEIZANLTHL L AS Z EIZL X 9o Figure 7 1 Guttman et al. (2003, EE 2 B L O
3) BV THVONHIEE R L REA R L T2, BIEHEOMEIE, MEINDEHIONM
& & HB EDO/NE e MO ERARZ R 5 2 & Th o7z AR S N 72153 E OB
AriE GEMSN-MEL) (IO L CREICELL (BRLETH), BSEHEhElmEsh
7B O AV A% BSOS T 5 & ) 1R Stz AIE SNZHBOEL LT, Ef5
B TRIBEOED SR S NZAIEE (imprecision), WRFIBEOFETH 2 H1H Sz
TS DOALE (contour location) ARES S 720 FEBRZM: & L T Figure 7 Tl ST 5 H
DHFEDEEDBE SNz TORE, W S N7 OHRE O EH32.5% D54 (Figure
7) 2BV T, NV — VBRI ENBWVIZE 22 b 5T, HMHEPRIZL L, T4bb, BiES
T REYE O Z2 IR & 2 CHEELEREAMERI L, X O ICIREAIE O AN EMER L AE L) 2
D OFEO MR E G OZAIZAE D HEARZEAL D 5, £ OWEEATHIR D) % #8 2 72 #iHIZ
BOUCTORE—OEBOMEBEBLE AR T IENTE, 22T, Ml AN =X 20O
N —VIZLTLOHESINT, Ty VBLTV Y Y7 Y a ORISR M E
RIZE > THZALT B HEZHND. ZORBMERIZIE, Figure 7D & 95 % #14E (Sekuler,
Palmer, & Flynn, 1994) & (F, IEHFEE Vo 72) H#EOBLEM (Kanizsa & Gerbino, 1982)
BEEND,

K52, TOEHIBIES NI [ 90°)V— ] TIZI LN DZEMAStTH > T
b, AR - SURMZERASTEBTL Tl X, M2 SN2 WREE D % (Field, Hays, &
Hess, 1993) o 2O & 9 (CHiRLEARIIRERN H 2 WIZHEPIRICE & 9 2B R & LT, sk
BAETEDIIPIZH A (Kovdcs & Julesz, 1993), HI#RME (Takeichi et al., 1995), MiHEDBAT X
FA5 0 (Bruno, Bertamini, & Domini, 1997) ZHF5 2 LN TE %,

[Fedk7e 90° )V — V] 12 X ZBRD AT REtEE 70 Cld, MR, Bt L vo @k o4
KHBRENPS D7 4 — Ny I BEEENDL Z LIk o725, MBS L & b1
R Z LR T B2 HEIR, OV VORIEEE L TR ENERE D ) U LDl
BERRELTW5D, FAUL, Flk7ZR 907V — VASard A BRI TH 0, S S5ICIEER&
& 225t d 5 VIO SR ER L OMEERTH %,

R O BF A EE B
OB o7z Ty DHREMAICHEG S A 2 LI X 25 R, R
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E SN THAZT 5 2 EHATNE TV L DD OERERD SIEM S T E 72 (Shipley &
Kellman, 1994; Unuma & Tozawa, 1994; Takemoto & Ejima, 1997; Unuma, Hasegawa, & Kellman,
2009a,b)o 7z & 21X, Shipley & Kellman (1994) (%, Z2RJAYIZHE 72 o 72 R 3K & e 22 [H Ay
WAL (72l zE, —ERMTEPSRAZLSE2), BEEIE Witz b o%MH
ErOARHHMNEFIEE T 107E) [FE 3872 (Figure 8)o 2 OKEH,  HIHM I 0 Ik i
F& (SOA: stimulus-onset-asynchrony) 75165 3 U F L ECIZKEFEE DO BEAE L (B 4),
WHROFZERM K E1Z X 2B R M 2T 12207\ 2 & 354 S 72o Shipley & Kellman
(1994) ORETIE, T OREM 22/ Y 2 AN S A HIR O v 2 & U CHiFEREIZAT &
WA EN 5, T LT, Unuma & Tozawa (1994) 1322 AR Y 2, ThbB
FEHHIEEOFHEXTE (Figure 9) ZHFEEIICHRRL, MEINHE, HL S, BTE
THEREHIFESND 2L TREMNZ Ly DVOMETRE L7z TOME, T XTOFLER

(@) (b)
Uni-Directional Transformation Bi-Directional Transformation
r o O...fo | |. o .0 .0
oi e ®:0 oio
1 o ;
° o @ - R
| g© L) Frame 1 e © a g
| 0. e Q.. ..:
0o Gl 5 0 | 60 &% 5 e
| o .
I 0 50 50 |_o o®g®
[0 o o 0o | [_. o Q L e
| e . o g
] © 0 o i o 0
e ® o e ® o ™
o ‘o Frame 2 o: Y
e} o LI o
* e, 2 o0 p
| © 0By o© [ O 0By o®
) ) .
© 500 | © o ® o0 |
L
— ] S
|lo o © o oj e © © *o |
I - S 3 ...
o: 00 | | o :0 0
s ¢ 0 o e« * O 4
| o® I < P |me3 P e g |
| * 04 © o g |
. : o0 | ©op ® o: © LI
o 0 o0 © 0 ,®o° * |
L

Figure 8 Types of element transformations in Shipley & Kellman (1994):
(a) shows unidirectional transformation. Elements within a
square region change from white to black. (b) shows bidirectional
transformation. Reprinted from Journal of Experimental Psychology:
General, 123, Shipley, T. F., & Kellman, P. J. Spatiotemporal
boundary formation: Boundary, form, and motion perception from
transformations of surface elements, pp.3-20, Copyright 1994, with
permission from American Psychological Association.
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AR EN L B HFAA 260 2 VA F THM A -
WALT AT E, TR EHDL S OHMEHNMIIC f ,

TMABICHEIN TS I EPRIES N,

i, AV NNy YORE S
THEAWL Yy SO L, &FE LTl ‘ ' a

Pk B M52 L, Lo THIMA LD

BT ClEchor b2 LTV E Figure 9 Illusor}; ct(.iges usc((ij.in se(q[}lential
presentation paradigm (Unuma
EZONL, SHIZZOREIL, TR & Tozawa, 1994). Each inducing

figure or packman is presented

FA I AR & R R R (Figure 1) O X0 .
one by one sequentially. After
T4 AE SRIBEL T\, Unuma and Tozawa (1994).

R OERE T 5 RS O E I, Bl

SNLAEEEL, ZOWEICH SN LITEIIEE L ZRIZAN L LENDH %, Takemoto
& Ejima (1997) (£, Unuma & Tozawa (1994) & FBRICEEBIT v ¥ & RRIEAICIER L (7272
L, FEMEE20), BISEEICHMESNIIWIE L EROWNL S oxt it E FEimFhEE L it
A7z, ZORE, HESNIRIIEERERE (SOA) & E @A L, 372 3 UBLLET
EAON L o7z ZOMBIL, FMEHOERE LS, BRINZEEIHL S L) K
ARG, B, 3 74b b FIE R R O ke HURE AT Sl R B & 1357 2 T g
TEZ2RES %S DTH S, Ringach & Shapley (1996) (&, RO v D12 & 2 LEIEE
AV, ORI /L L TR OROL8E 2 R OB e L TGS L 72
R, REHHE OB E TOREMATFAH LD bRV & 2L vz, MEfEoREH
AIBRFUZ DV T b kDR % P 2 Z L 25CE& %, Unuma, Hasegawa, & Kellman (2009b)
iX, D Guttman et al., (2003) & FERO/NEENHE (Figure 7) %, $EHLT v ¥ OHkEE
PORFRIEA L, MESNWBOME & ARNIEME 2RI E LC, #liR B o Wy #E P 2 4%
FL7c. ZOMER, SOA180 I VB EE L L CHIEEOMEMASEZL Y, 180 I VHLTTIEE
BRI ST IR SN A0 b ZONESWEN 2 Ty D OMEN» S FHl S NS &
D HEBIEIEOWNEICZER LTz, SAUIx LT 180 I VAL ECIXMR 24 & b 7%
B WAL A TREMEER S 7ze 21UE, Ringach & Shapley (1996) O5% & 5
Lz, F7z, W12 &7 oK S FMEE L ) & BVIREMEFH CHiEd 5 LK
5E 91U, Takemoto & Ejima (1997) OFRE D —HT L LEZ N5,
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ERE NIy D OHEBESEE)

CZET, Ry IRV Yy Y a yA—EORMERNT (BEINZ) BRSO
P2 7oL, AR e B A B AR SR B T2 C L R AT &, ZOMHEERIE, XD ERE
FHNCEHWE LR L ROy VRV Yy v s Y a yThD [ITHERICLZER] 12LoT, &
SIS 2 M RI 2 B T 5, Figure 10 TlE, MESTE R & B2 2 MHEMEIC & 28R %
by Y (@) L0, 20X izt (b) T, Ml X o TEEBIOFRIZ [0
PHBICHE SN S, AMGOLTTIE, ok ZuHEEIC & 288 s Ty ¥ DREZE/ I 7
224k, $ b LER)T 2 WAL R BT A MM Y T s, ERFNEREDO D LTI,
ZEENB LMYy OB EB L CERYOEE T TAEL L5 5TH5S (Gibson
etal., 1969) .

Palmer et al., (2006) (3 EFRMEMOETH CEBTL2WEO T v U5, BRI REN: % fil
2T L EITRESNT, WhaEhoLB M T 52 L a2R L7z (Figure 11)s ZOHEFET
1, KB X OZEHICHA ISR S S Ty UOHHBEBREICB W T—RIZREFES NS
LEbi, EHIFEHRE D LICZOMEPEHFIND, LIRESI NIz, EFSNIMELD &
12, BEROTRRES A SNNTERO Ty D25 a SN TWHRRBZEH T 2 L3S
N7z oL, To&) REMNZREEZWRICT STy VHOBMRE [HEZERWEGRDS
T fEYE (Spatiotemporal relatability), Z® A % = X L % BIYEHE 7 4 7 > (Dynamic Visual
Icon: DVI) EIFA7ZZ,  DVIIZT v VIHHOMERS (persistence) & ZERMIAZEDEH (position
updating) ZWHREIZS 2 EFES N TV 2,

—7}, Unuma, Hasegawa, & Kellman (2007, 2008, 2009a) (X W HIZRTHIC & 2 Ei &2 BY) 10F
3OS, WRHEE)CTERY AER) T 5 FHE, TabHD5 DVIICBIT S MEEHPAE LR
FHET, v VIEMOMER & Z O H#FH % M5 L7z (Figure 12) o Unuma et al., (2008) Tid,
2Oy ¥ OMAKEDLEDNHE SN2, Figure 12¢ Tid, BEHADOFEXTEBIKED

- L
l 4 el <
am .v IR _.v

— —

(a) (b)

Figure 10 The array of fragments (a) does not reveal the organization,
whereas the recognition of letter “.»” which means “mind” in
Japanese occurs with the same array and occluding surfaces (b).
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Permuted &= vs. BEES
@ [N

Figure 11 A schematic depiction of experiments in Palmer et al., (2006).
Observers watched a shape move behind an occluder and tried
to choose which of two configurations they had seen. Reprinted
from Journal of Experimental Psychology: General, 135, Palmer. E.
M., Kellman, P. J., Shipley, T. F. A theory of dynamic occluded
and illusory object perception, pp.513-541, Copyright 2006, with
permission from American Psychological Association.

BFRrEIRESN, 12d CEREOAOFEIENRE SN TVE, BEADMAEGHLETIE,
W% SOOI DN B 720, —kRP] D S OSBRI AL Z F i ICRim T 2 2 &
BEROAOFEXEORGE L) bHEEE 22725, WHEMRIIMEIND LS N T, BEE
EINS DTy ¥ O FIERY 25 A L 225558 S5 $i5E (Figure 12a) T, 27
DI (Figure 12b) OFBIZ BT 7% o7z, EHTHERO BEZOME (B - Ho) OB
L COFRPIELZEr SR EEBAko s (EFEDE), i b LIZHFIBIA Figure 12cd
D2 EMHTHE SNz ZORRE, WL RMOM T2 RET 550 (d) OB L
DHFESEME (o L0 HEEBICBVWTE L, BREREAOWH OHEDEWBOHADHKA &
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Figure 12 A schematic depiction of shape discrimination task behind
rotating occluder (a). Observers were required to discriminate fat
and thin shapes (b) under two conditions (c, d). After Unuma et

al., (2008).

0 b HCEFREEPICIRE SN b C EAVRIR S LT,
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FEhI-BEESERORE

AAlE, 2 RITHFIHERE D 588§ 2 WS L ONER © Bl 3 2 FREE T, SRS
Fe & RIS HEN T Y ¥ 2ia L TWRORBER 2 RS 5 PRBEEIZOWT, B
ROV BEIEEE TV A HUICE L C &7z, TOETIVIE, WRER B & oo &k
Hd 5 CIEEROFEHDPSD T 4 — NNy 7 2 ZE LT 2705, —J7 TREZER &) Wl
BHRICHESN D Zepfais iz, SRETHLP IR 722N 0EROZEIZ, A%
EN T CERPHERBEIIBWTHREN Ty UV —EOBHMED b & THERIC K o TREL S
TWBHZERLTV A, AREENZAEOEVIREE T IZB T AWARME, FiZm L BoRII
LSO, PR O BB FREIC BT 5 B 5 B AR & R S Az 12
DVTOMFAPEHICLETH S, FFIS, TNEFTIY LIPS N TELWkE X OERY
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OEF)L, ZHNOREREZ LD F GEHO S B, KFES) (Palmer et al., 2005; Keane et al.,
2007) = H[§zEE) (Unuma et al., 2007, 2008, 2009b) A3HTdh - 7205, 514, HEFICBIT S
PR - HiNe EOAEBATEI R W EEREEIZ B 1) 2 2L ORI & BAROE VRS FHEIZ B W T
WEME OB SNH 2 ENEEND,

AWFFENLEE —FEH VX9 2 Pk 21 4R BN 22 R 1 REF R E e 3205 THEE)§ 2 Yk o J
HIZHET A8 a0 L BEMICH ] (BFeREE BEHT) ] 1L X542 %072,
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