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Abstract

Behavioral studies suggest that perceptual grouping by proximity occurs earlier than grouping by similarity. This
notion is supported by recent electrophysiological evidence that proximity grouping generates earlier occipital activa-
tion relative to grouping by shape similarity. The current work further investigated neural substrates that differentiate
grouping by proximity and grouping by colour similarity by recording high density event related potentials. Subjects
discriminated perceptual groups defined by either proximity or colour similarity. Proximity grouping resulted in short-
latency modulations of medial occipital activity followed by longer latency modulations in the occipito-parietal cortex.
Grouping by colour similarity, however, produced only long-latency occipito-temporal modulations. The results support
the proposal that grouping by proximity and grouping by similarity have neural substrates over distinct time courses and
cortical areas. © 2002 Elsevier Science Ireland Ltd. All rights reserved.
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Ugogfl nxs fi fles qrq fi tqr zodiz fir tqt ymz
flqogl mx qy fifismmuqpuoqqqgzuy w tq u mx
gp wfio zw fi filgogfl nx fingo rfi twtq-fi pq
fl fioq ws. Gq mx fl ot fixisu pgzugp xm tm
s pqs fi flwes firfinwgo ofiz u qz w fiflqogfl mx tfixg
gli. Fi qnyfly, tq flwodlyg fir lfi wu mgq tm
flmmx oxiq finngo qzp fing s fi figp fisqtq. Jtq
flwodlg fir wwmu oxmy tm gxgy qz ut W wm
rqm q w tq qp qzp fings fi figp fisqtq. G fi fles
flfioq q tmqnqgzm yqp fi miqflxiogmnz gqmx nsq
w tq u mxflfioq ws qny 2,6i.

Tzqfir tqw flifi iz u q gsmpws flgogfl mxs fi fl-
wsu tqtq fi zfi tq nyqzq mx n mq zpqfle tq
s fi flws fl fio)q q nmgp fiz purqqz Gq nx xn . Bqtm
i nx qqmot gl,34irfi zp tm nwo q fifizpgp rm q
fi tqpuo w wmfiz fir flqogfl nxs fi fl pq zgpn fifi v
yu tmzn wuwnu fir tnflg, ssq ws tmflfi wu
s fi fles nwq flnoq qmug nzp/fi rmq tnz s fi fles n
wwmu .A qogz p qmxmgps fi flies gungp zq nx

n mq n qofipes qqz gungp nme fifi gz ux
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(EWU) fipuow wmifiz fir flqogfl nxs fi l pq zgp n
fliwu i tnflq wwmu &i.1 mrfizp tmflfiuv
yu s fi flzs wp ogp mfifi utugmuu nq qqz 100 nzp
120y mq w x fiz q fiq tqy qgpuxfiooflunxofi q .
Jtu gmx flivuu m rfixfi gp n nz fiooulufi-fimuyy nx
zgsmuu ut nz fiz q fir 180y nzp xmsq ny flm pq
fiq tq wt tnz tqxr tqyufitqq. Hfi q q,s fi fles
n toflg w wmu m q qoqgp fizx w mxizs-xmqzo
fioodlufi- qy fifi mxzqsmuu  ut nz fiz q fir 260 y nzp
xmsq ny flbu pq fiq tgqxgr tnz wt tqyufitqq.]tq
EWJ q x ssq tm tqs fi fles flfioq q pq zgpn
purqgz Gg mx xn ym tmqpu wo zq NX n mq.
Bggmuink qgmot tm tfi z tm wwmu firofixi u
mflfi qr xflwodly fis pq s fi flws gl0i. J[tqo qz
fi wofly fimqgp EWUofi qanqg fis fi flus n flfi wu
ut tfiq fisfiflwus n ofifi wwmu fi qnywq
tqtq tqq s fi flus flfioq q tmgq wuwm zq nx
n mq.cq qofipgp twt pgzu EWJ rfiy t ym
ngo tfipuow wmgppuflm w twt Mfionxgqy qz
qqqutq q qzx flnogp, s fi figpnmqgp fiz flfi wu , fi
s fi figp nmgp ofii wwmu . Durqqzoq mq qq
fin megp n n nows EWJ fi tq zufiy w xrfiy
EWU fi tqs fiflus w xfigcopmq n mq fir tq
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Fig. 1. lllustrations of the stimuli used in the present study. (a)
The uniform stimulus; (b), the proximity-grouping stimulus in
which local elements group into columns; (c), the similarity-
grouping stimulus in which local elements group into rows.

s fi fles flfioq q. bfixnsq fiflifis nfitwg fir EWU qq
omo xngp fiq wmq tq sqzqmfi fir s fi fles qxmgp
purq qzoq mgq .

EWU qq qofipgprfiy l6tgmxt fixzqq (12yqz,
rfi fiy gz; msqp 20 26 gm ). AX nwo qq uwt
tnzpgp, tnp zfiynx fi ofi qoqgp-fi-zfiynx uuiz nzp
qfifi qp zfi ofifi nmepzq . ]tq w mofiz u gp fir m
—-mgxmwqfirqggyqz (qgpfi s qqz puw) w nz 8X8

(oGaf 02140t

madial Arninital

mm (Fs.1).]tq zufiy w x ofiz u gp fir nxq zmq
gpnzps qgzpuw pu m gpq qzx mfi tqxmwg.]tq
flfi wu -s i flus w xofiz u gp fir nxq zmq qp nzp
sqzpuw mmsgpu mm firffiy i fi ofixyz n

npv ws tq punzoq nq qqz fi npwwgz fi fi
ofixyz fitm tqpunzoq nq qqz fizgmfi qyfiq
fii (i ofixyz) qq0.14 mxp 1.1°, qflgougx. Jtq
wwnu -s fi flus w x mynpgqn yfi ws tq qp
npsqqz puw w tq zufiy w x firfiy i fi
ofixy z ut gqxqqy gz fir ypgz wnx ofifi . Enot xfionx
tnflg nzp sXinmx w X mm nqzpgp nz nzsxg fir
0.47°x0.47° mzp 7.8°%7.8°, qflgougx. Jtq tfiufiz nx
fi q wnxpu nzognq qqz finpwiogz Xionx tnflg m
057°rfi tq zufiy mp wwmu -s fi flus w s A
tug muizofi fir 0.3°X02° mofizw fi x uwmxyg
w tqogz ( fir mmxwwnmows fi zp twt tnp mx y wnzoq
fir 0.02 op/y 2. 1tq w x flmqz tnp mxywnzoq fir
0.88 op/y . 1tq qpmzps qqz puw tnp Cfiy y u iz Iz q -
zmfizny] pq L’Eoxuns q (CIE) ofifi pemgq fir 0.541/0.320
nzp 0.289/0.603, qflgougx. Jtq w x p mdiz m
200y .]Jtqueq w x wq mx mup nzpfiy X nq qqz
800nzp 1200y .[ nwo puow wmgpofixyz q fi
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Fig. 2. The effect of grouping by proximity and by colour similarity. (a) Grand averaged ERPs elicited by the uniform and grouping stimuli
at three electrodes over different brain areas; (b), difference waves related to proximity and similarity grouping.
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Fig. 3. Scalp voltage maps of difference waves related to: (a),
grouping by proximity: the Pd110 focused over the medial occi-
pital cortex and the Nd230 focused over the right occipito-parie-
tal areas; and (b), grouping by similarity of colour: the Nd310
focused over the left occipito-temporal areas.

fismumdiz fir tqs fi fles pufisn n flq ws fizq fir
tq fin fiz.Arq 100 imomwq ux, nwo qq
flqgzqgp ut 1000 ux w gznxiow.]tq zufiy,fifi v
yu -s fi fles, mzp wuwmu -s fi flus w xm qgq
flq gz qp nmzpfiy x fiz 32, 34 nzp 34% fir tq ux, q flgo-
uQgx .

1tq gqo figzogfit mfis ny
flq i fiwgi. ]t EWJ w gmot w x

qq mqunsgp qflmmgx fir-xeq, ut mq nmsws dfifiot
ngswzws 200 y nqrfiq w x fiz q nzp ofiz w ws
fi 1000y .] wmx ofiznywmgpn qqnxew fi y ox
fifigz ux q oggpws =75 ub mnz qxqo fipq fi q fifiz q
q fi qqqoxpgp rfiy tqmqnsqg. ]tq nmqueq rfi
EWygn q m tqyqm fixnsqfir tq200-y flg-

W x wq nx]tqygm fixnsqfir EWU nzp purq qzoq

mq qqfinmegpm20-y wq mx muwsm60y nzp
ofizw ws zw500y fifi - w x m ficodlunx fimuy nx
nzp qy fifinx gxpo fipq . Jtq y gnz flgnw ny flu pq  fir
purqqgzoq mq qq nwogp fi mnx q fir muzog

ut Gfiflwus fIfiwu fi wwnu ¢ zufiy

w x) mp Hgyufltqq (pgo fipq fiz tq xr q
wt tqy ufltq @ m wpqflgzpqgz mumxgy fi q tq fioouln
nx  qy fifi x nzp flmgnx ggo fipq . 1fi pgqywq tq
qrqo w mofiz q muq m, fizx tq ymg F nxq
tm tfi gp wzuonz qrqo m gfifi gp.

Wmuiz wq W) qqrmq fifliwu - tnz wu
xmu -s i fles w (514 ¢ 534 y ; t=4.736,
P <0.001), ofizugz ut flqui qfii gl,3i. Jtqq

m zfi mzuomz purqqzoqw q fi mqnq qqz tq fi
ofizpudiz (4.6 q 4.3%; t = 0.708, P > 0.5).

m qofipgp m w fi
ofizputfiz

G nzp mqnsqp EWU nzp s fi fles qumgp purq qzoq
mq mq tfi zw Fe. 2. Ufi wu s fi flus m
wpq qgp n mfliuuq mq tm flgowgp nq qqz 100 nzp
120y fi q tqy gpuxfioodlunxofi q (Upl110) wpwmgp
n tqyme qrqgo fir s fi fles (F( 5 = 4.82, P < 0.04).
Jtu fifiuvuu  mrfixfi gp n nz fiooulufi-fimy nx zqs m
uu nq qqz 180 nmxp 260 y (Sp230; F(y 5 = 4.62,
P <0.04), twt tnp mxnsq nyfbu pg iq tq wt
tnz tqxy tqyufltqq s$sq gpn m wzu onz w q no-
uiz fir G fi flws X Hqy ufltq q (F(y 15 =4.57, P < 0.05).
[omd] fiflifis nfitqy qqpm zfizm nwo’ tqnpy fipgx fi
u muq tqrfioufir tqqmrgo fir lfi wu nzp w wmu
s fi fles (Fw. 3). Axtfi st tq wwnu -s fi fles qxmqp
purqgzoq mq tfi gpm ymxfifiuuu fi q tqygpux
fiooflunxofi q , tu qrqo mzfi wzu onz . ] tqqmrqo fir
s fi flusn ofifi  wwmu mfizx q qoqgp w mn finp
zgsmuu nq qqz 180 nzp 380 y fiq tq fioodlufi-
gy fifi ix gsuiz (Sp310) wpwmgp n tq y me qrrqo fir
G fi flws (F( 15 =4.49, P <0.05). ] tqxnq flt mq fir tq
Sp310 (260 380y ) tfi gp mxnsq ny flxu pqfiq tq
xqr tnz tq wt tqyufltqqm wpwmgp n m wzu onz
wqmouiz fir Gfi fles XHqy ufliqq (F 5 = 4.58,
P < 0.05).

Axtfi st tq xionx gqy qz qq pq zgp n purq qz
ofifi - w tqo gz p,.flfiwu s fi flus wp ogp
w wm y gpux fiooflunxy fip xmufiz m 110y m w fi
flq i fiwgi, ssq ws tm flfi wu s fi fles
wnsgx pgflgzp fiz qfl gz mufiz fir m fimux gqxfiz ¢l
nq qqz Xionxqqy qz nzpu wpgflgzpqz fir u nxrgm q
( ot m tnflgnzp ofifi ) tm pq zq fiomxuqy .1 u
zaxmgx tm tq Upll0 q qo m q fifiz q fir fi gz muiz
puow wmuiz tm flmw xmx qzsnmsqp w tq s fi fles
w xngom q tqgmuy EWUofiy fifizqz gumgp fi u nx
puo w wmiizu nzgsmu q mq tmflgnw mmnfi 165y
(S1) gl2i. Iz npputfiz, tqUpll0 mq wpqz rfi tqflfi v
yu -s fi fles ofizpufizn zfi rfi tq w wmu -s fi fles
ofizputfiz pq fluqg tqmo tm u mxpuow wmiiz m
G ugp zpq nfit ofizputfiz . Jtq Upll0 ofi finfi mq
q pgzoqr fiy fitq pg 8,11i w qurfiows tm tq
ung fi lq unqofi q u w fixgp w qmx flgogfl nx
flfioq ws otm s gs fizp gs gsmufiznzps fi flws.
JtqUpll0ym q qo xMiomxouou mouu w tqgmx
u nmxmgm. AXq zmu gx , ¢-qZz nz rqqpnnowr fiy twstq
u nxmgm y m wp oq fizsq qflfiz q fi tqs fi fhes
w mw tqgmx u nxmgm nzp flfip oq tq UpllO0.
Jtqqzqgp fingpu ws utgpwr tq pu.
1tqSp310 guougp n w wmu s fi fles flgnwgp q gz
xnq tnz tqxmqofiy fifizqz (Sp230) gungp fiflfi wu
s fi flws.]tqfiz q pgm fir w wmu -s fi fles purq qzoq
mq flfi pq mzq fiflt uifiswmxnmu rfi tq i q
ngmui x qflifizq fi wwnu - tnz fifi wu - w =
Sfigtm nwo tnp i ggo tqs fi fles w = nZp
tqgz puow wmq ofixyz ¢ fii fir tq puflxm .
]t , tqxngzo purqqzoq nq qqz tq Sp310 nzp tq
Sp230ym q qo tqpgum fir wwmu -s fi flws fl fioq -
ws m tq mnsqfir ggo Uiz, puo wy wmifiz, fi fitq fifi -



flg ogfi nmxnznx u.] fiflfis nfitwg fir tq qzgsmu uyy wpw
omq tm tqfiooflufi-fimuy nxmgm mqqzsnsqpw fl fi w u
s fi fles tqgm tq fioodlufi- gy fifi mmgm mq w fix qp
w wwnu s fi fles, ssq ws tmpu wo n mz mgm
mq w fixgp w purqqz s fi fles fiflq mfiz . Durq qz
tqyufltqw xmgmumifiz w flfi wu nzp w wmu
sfiflusym q xrfiy tqpfiywenzoqfir tq fitqyuw
fltqq wxi ¢ twt flmuxr g qzo mmx u ( qq
Wir. i tfi yfiqpuo uiz).

Jtqqmrqo firs fi flusn tnflg w wmu  m nx fi ot m-
mqugp n nz fioollufi- qy fifi x zqsmu u ut mxgr
tqy ufltq q pfiy wnzoq &i. ] tq w wm y fi fit fifis , omfl
pu wm uiz, nzp tqy ufltq q pfiy wnzoq fir tq purq qzoq

mq w tq fi py ssq tms fi flus nmqgp fiz
tnfigfi ofii ym nqygpungpn m w wn y qotnzuy
fi q tq fioodlufi- qy fifi mxofi q . Hi q q,u u fii wmxqg
tm, gumuq fi tnflg, ofii u myfiq mugz finwgo
rqm q nzp t sqzq mgp qmxyg fiz q firs fi fhes filq m



