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Fig. 2 Spatiotemporal-based grouping
E2 EFHZHHESEREE
(a) EricsonfiBeck " Wiz sh/p 4l R A . idshid i A Bk
S — AR BFREOIEA TGS S, (b) WangZF ) AOXHFR B RS
AREE . BOFTHENEN B, B4 RS 5 —A HAri bt
TP — SRR RR , BLAS B B d R AR

212 ETWIRR) A
FF YK (object-based) A5 ZH AN F 22
RN 50 A I T, 2 BB (R AR S X 52

BB O G2 R — S B AR RN 5 hy i R A A
WO, WEIMZEHIY Y B Y iR
G o N[R]T I A3 REAE 23 2 T OG5 (R A AR A A G
R, BTN AP ZOEEE, (HREHTA
RIS LRSS, X SE BRI R AEUE B B . WIS
FER, IR — AT KA AR B anil
RHEMBEE 2N EANE SR PIRE, 2¥4is3)
HR R — A B Z B 1) BARHE G 825 [ 454
G — S R, dEE A EE, R
A & K K4 A (spatial configuration) **' . Scholl
85 3SR B AR AR B ARRA 3 — Z gl
¥ B bR AR Bbr AR (B 3a), BEE ] 4E
%, HHEHAAEAE B PR G, EEERLE LS H AR
i A RE, B EHARAIEE BARRY i i 1B
T, Keane 55 2 Xt £ H bRl AT 55 2617 80
Al ¥ T £ 5B AT 5 30 (multiple vertex
tracking, MVT). ffiPK£e 82 HbRIB EAT 55 Hp Al
ME R BB BA AR O AT, il
Bt S —EE B TEON, FZE— RO T
B8, M EPRNIT I E S, 7RE st A
AN — R 2R R R, WSS E B ERER
e s B ERA (El3b), ARG RE
W], FETWIIRA o 4500 25 52 W63 22 B bri B
55 R,

(a) (b)

e. 2

\ @
\\ l/
\\ l/
v !
\ 1
y y
A 4
\ \
I3y Ly
; |
y \
y )
/ e \

¢ 9

Fig.3 Object—based grouping
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Fig. 4 Feature—based grouping

B4 ETFREFEHEREE
(a) MakovskifilJiang "8 (4 Bk BAr 4R E . Ba T HEN Y
B HbR, BA B —A B g T 58 AR AR B bR ik
AHERT . (b) Wang® U7 (R 52 Ze R S AR B TR 5 HE R
IR R38R B AR, BARA AL & AR R B, ik B ARl
AL PR R B,

HAMFN Yy, AHERS A i FIBEAT S5, Mk
RIBEARI . MR T ik 3 MR 73 300 2
Hb, AR WIFEH RIS T8 S 73
R (K1), WEHBEARIE LRI R
e R R4, FFENEER R, WeRE T /M
SO A A, st YRR REIR
o P AR SGEWE A R R
2SR, DLRIE T W 2 AR A TR 6
HARS, (HEETI SGEWER A K BIXHA
RV RSN T, I3 K BIX AR
MEZ I T, X0 T A g 4 2R L
PR T2 A

Table 1 Related studies of grouping effect
R1 DHEMBHXLE AL

SR oA A PR ARG SCHR
F TR AR 43 4 BERPUE  AMURH S AR SRR A [ A [2, 12, 15, 31-32, 39]
BESE [11]
BT AT 44 U [33]
TN R [20]
M2 1LY [11]
BT RIRHIEI 741 it RUMFRIRIEX . 7% B IREHX . &N [ [2, 5, 7, 9, 37, 39-40]
TEAR [3, 9]
PN [9, 37]
SLARIRJE [9]
HoAth W [21-23]

22 SHAPNFEFEER
TE R Be— B e S U A 3 2 R A, %o
THHRGHETETENZ S, EE A E

PR AR, TERRSHSE LU T, AR
2 JBE B R AR EAT B BORE S IR AN [ 2 U B A R
B, WYIRIEE . WA RN, KRR



2024; 51 (D

THM, F: ZERAREBERPHIALNT K EATME - 115+

Ve AT Bl T A PR A 008 25 it A B AT 4R 1 R e
s W BRI A R AR R AR AR AT I B
A—Fh B s ALr AN T R, ER R w2
5wl 5 SR ENLA, pAdRREEE
WIS, R AP IR RRHES E A A B
PR e RER RS R, BVE g 7E
B PR e, HAL b BB 52 37 3
T AR S AR S AT S, MY
T AR R Z e s b RO HARiR, B2t H
PRYIAR A TR S E B LA e BB BT 55, X AT g3
T Z HFRiBEAT S P AAE SRS AT 55 AN F R
BERES5IE ., ARTEESAES, Z2HRE
TS T B A RS S B PANB BE . SR — AP BE
KAFE Bbrbricad B, WEEE Z A 2% X
RS2 [ A s S R TR A, 2
“RIEERSNT ) AR A Bk
fEHPRBER SR, WEHE Z BN Hird A M
BRFRAE MBI R I sZm , i B A eI
Hir b, RHEHP B AR B ", iBER
TR OB B B AR R R B R

FEIBER R, — TSRS R T 8 i 45 2
KA IR TR Bs L, XETH
LR EIN TR, SO TR R A A
XTGAR G R TC R 2 ) T S B e 2 20
oA, B AE A A TR, B, Y455
ZORM B 59 BAnsr 41 5 5 THRE R 43 4 AH— 2
I, RN St 2 HARBEME SR, ezl
SR T, NIMFF 2N E R T 2
&K F IS TFRHME AR T30, FEPvE ZiE ik
et HArmiBEs, FECR BT 55 R FEAL.
2.3 SARMRR BB H

Z HbrB g 300 ) B Sh ik R FR 7EIB AT
S, FETFRRIE R A3 AN AN 32 ISR 32 5 w4
T B A PERRHE R R B A5, JCie i e
At IRt S AT AN 1) A S5
B, e LR R BRI S — AR i AN R Y 4340
FUERTCAr AL, WEHEAE B -3k BAn
PRI EI TR, [ Bis-Binr AR
GFFIEZRET, RIERA T TR R o 400 1 3
s ANRIZEA dze . BT FRAE S
L D 9N = I ST T 51 e E 22 B e B -y = o N i £
H 3K

TEIET R FE Y - HAOW 5T, Makovski
F1 Jiang ) FAS [R] B0 (0 FUEC A T 5Y, IERH T

HFrFn HAR R BC 42 =B s R, 1 HARFEE B
PRIECR S B R R M. 25 Erlikhman % ' fiff
HARTRIEAR ) B ayEIETU, 2R ERHHE
br- BAnsrdl 23 i 2 HbRiB AT 45 =3, 1 B A5
Ik BAR SR GE R, HF—BUF TR TH
A7 F7 I 1 43 AL 300 % 2 H AR B B AT 55 19 A sk
A

FETRZS RRAE M A0 Y, Wang 55 2 AR 4
AR FRPE, R EARER AR AR RoR G
() — R BRIk A Hh D HEF X FiE 8, IESE T 3
Fos X FRPE S AL A shik . AR IASE U % B
5 Btrek Hbs 54 HbrILE AT s s, 4500
NI, BArS BARVCECR WEE 18 B
Mg, Hin5AE HbRICECETE 2R RS R,
WESE T 38 sh a4 4110 H shik . Wang % 21 A %
R 30 S T T e~ S N e & 11 2ty I
(4 H ik

SO ) B SARHLEE— RS T 2 HiRie
Fridfrh, GBERXTS A BRHEXT AL AR I AR
M, e ff R T4 HAn S AE B ARp a8 k6] — 216
FEAE A2 5T 55 BR A3 4L 2 [N T vh 28 S 2008 i
T TFREMBLS . ok B IARRHER) A 3L diiA
R — Ak, TR T JCik Z A0 B L5 R
R, fEMIEREZ b, WEREAZEE B R AT
RIS ARIELT “FrdL”, BDZ HERBEE
1155 LR M oy gl 2R Y BG40k A Wik
TARFAE BT B 158 3 S alok B B2 Jm M IR L
B 2s SRR 5 SR 55 2R 0 Bbr A b5, B
A H B 5 AE HFRAESR T, B AYIB B R P
AR

3 ZHEREERP S HRR R AN E

Z HARIBERH AU B nl 248, 4P
i A ANl 9 73 4 00 3 () 3245 [R] — A H s 0 21
I, AR R RO B B R B AR i 123 s T
A AT HEAFAER) 2 BT WA K LA ERFIE
OISR AT IPERIWTFE X T T A SRR
HEEREL L HEUM T RA EEE L T
— NFFIERY S LSOV AR B, B in— BT B AE
A PAZE— 2P AN T2 MR B, I
RIHEAFES HRIERIM . DIEATSEERM, Z HR
SER N R U N G LS TR S = T Ny e e
P00 3R TR AE AN X B ORE AR 22 ) A7 AE AT
1



-116- EMUFESEYIRHR

Prog. Biochem. Biophys. 2024; 51 (D

3.1 AESFAES E R AT Nt

DA B . TR R AR/ NRRAEAE R A2
i, G5 RIRBURRIR AR 5 YA FAE ]
I o Feria P it AN R R F0E €8 48 FiE 1) 4 4k i
9T, I BARSaE BARRAS R R A 8 BR 4
T S R AR R Y, A Y38 R B ey R R AR
11 Y N 1 S S 1% == T A VT T
Erlikhman 55 ' XFYARBIEAR | BRI R/ INRRE 4
TG, RIIET =AM AR 53 T8 —FFiE
(195 RN AH FE A g D), BIPRAS e DR
TAREAIE (149 73 2 2500 2 AN B AT v

DIMEMFEE ZIESE, 2R AR 53 208500
AHAR I, H Wang 55 2 BRI, T
FRTATRFAE 119 53 2H 800 RN 23 TR X BRI A 43 2H 3300
ZRAFAE T I o WFE LARS 28 R AiE v 32 s L
GEMRZSEIXIFR) FRMERHE T RE 6 . AR AR
i, KT EE O EIEREHE, S5iEshilalss
B R A RN R T A RRIE R 3 4800 3
UERH T 528 [0 B 1) 43 2R 2500 S T 3R TR
AEARL: 53 2E 500 22 [8) T A A ETE -

ZAFFEAR N = A BRI RO, R T4
IRAERT BB BT AR HRR X T B AR 7 37 B Y B
PN T, B R T R S TR B BN A B T
X5, HXPARREEX T T A s, Db
HEEIRHIEAE, FTHAMTIRE. 78 o4l
B, WEE PP IRR I RIE AT Hbrbrid, B
WG SER A — B, RIETFE IR ERRY
Bt YR i 2 REAE AR B B AR,
PR AR I A ] S R AR R B0 TR B
HEAVE, DEEBER,
3.2 SrERRUN AT ANTE R RN AL

X AN [ 2 TR 43 2 500 AN mT e ) o R
Feria ' & T AN 0T BEAY B . —> AT Be D PR 2
M3 FE BHE1Z  (visual short-term-memory, VSTM)
AR, HWEE TR 2 HiRE, ®8&n
B FESS T TR, dEmish = 212
BTIER A Rr BA B bR 2R ERHE . 55—
RESRDE, Z HbrBEd &b Bis 5000 Rk T
TR GRS, EARI TR R S — R
W, B RRFIEANTR] . b, Erlikhman 45 ©° 42
O R A T R R R B R
AR T T eS8 T — 4.

XoF T 2% AL R AR A0 2 T AR B AT Al i A 45
R, Wang 55 W2 AT RE IR N . —4 AT e A

PRI 28 [ XK AR 1 TEREAIE 43 70 25 TR0 0] P A
RIS AS [R] A% OB N e L S U000 AR
W EZH T X Biafaoy, B REERT 4
JELLGRRIXASH Y, PR [RIZR FRRAE A 53 28500
ANEARIE . 53— D] RE R DX PRI & T3 (]
IR R, EESMNIAHEYIRAE A R E
BMARGE LS ( “where” M) A&, T H4F
TEA B 32 5 5 ST A FRYIMATE AR AN B 15 B IR ]
PSS ( “what” P AOC, ZEBAMIMY
INTAELEIE, B BN EESE b, I
ABAIAT LA A B R 43 2800

Br TR A BRES DR 41 5h, AR5
LR S A ATAE O] IR BA 2 B MR A i R Y
PEREME B SRR AR . 7R TR AR
YN, AT B R T R AR R B L
HP R I B TERRAE T o At TG O 1 R T R
fiE, PSR R THRFEAAAE AT s S T2 R
TR 2O R RS, MR Rk B e i
S RITZS RRIE T JC O BB 2 R RAE o (HAS [R] B B
BRI Z BN A AR B T, AT
DA RS BE R AN [R) ) 2 TRV RRAE A 25 R AE 7
A SRR 53 2H AN 2 REAE 23 2 A AT e

4 SEBNMHIFHEZHLE

S HERBERIFE R I, MATEB R R rp
KMk = 2P0 T A FE TN (intraparietal sulcus,
IPS). T = (superior parietal lobule, SPL) AT |~
/NI (inferior parietal lobule, IPL) . % iR 3 X
(frontal eye fields, FEF). % [-74 (superior frontal
sulcus, SFS), DAL+ o] (middle frontal gyrus,
MFG) 7EN RO B R4 e
4.1 REFFAES HRRHE KX

PIEOFSE R, A2 TR IRk iy 43 4H 500 3
BT M XA BUON R B & X (temporal parietal
junction, TPJ) . 7¢#% (putamen) F1%7 - HE 3) X
(FEF) 2% 57 XU T 0K A X 32 20 5 i SRR X
SRS AR, A MIETHER A5 X (R aTP)) F#
SEBSEAX, & TR L 75
FHEMZ Bhrad4E5 1, Bis 550095 EAH R
o Oy 2 5 A SR, S OB TR 5 DX 1)
WEEWOE T AN, M0 S B s A A
(ERTEARAERT, PUE R G IR A THEER B
PRGOS = B, BARF S0
PIRFIE R AR 25 S BOHAE T 22 1 1 B0 IER 23 (1]



2024; 51 (D

THM, F: ZERAREBERPHIALNT K EATME 117+

TAEIR Z LA B R HARIRT 2 i 2, M S5
PR T AR IS AR DG A S AU RN 40 K2 22 A
% I8l (inferior frontal gyrus, IFG) AYIFE#LE 7,

Tl FE S TONFIEAEAHOCE S, 2B R il
ToAT BAHSE ) Jiang 55 ) (USRI, e
FEATRIECRE R, R ST s
fil. 7EZ BiRBEAES T, BinS00WEieaRm
FRIEAG B2, WSS AT LA 1o 20 60 36 A RFAE
AT, MIFEAE XY e s T, Xk
AR o HbsfdE Bobs bR EHEEZEM.
Pylyshyn %5 ' 4811, 5 HAREFIEA B A0 25
PR IE R, MICT AR R T . A
IR 2 X 5 38 FARAE 3 A ¢ 0 X HARRT o
DY FRTAFIEA—3, WS THFERD I K
SN B AR S ] ) R S TR RE T A ¢ HARAI T 28
HEE R AE R, AR 3 X 9 3 R
e ST I
4.2 RS ER IR KX

FET 23 (AL FRFFAE 1 53 AL 3500, B 95 K 14 kg X
3 A KL i A AR (lateral occipital complex,
LOC). LIERFFEEM, LOC 2 5K ITRA G
WARA G, A4 M A0 5 4 S bR AN FELE B
3 170, Ferber ™ MBS RW, JFETiz3h o4
FEST R XL LOC IS, Jf H MG fE iz sh4h
WGASRTFEE, (HAF S RIS AERE X 18 s AR
LS . FEHE T 23 RIS FRIY S v, X FRiz
Fin) BinkE T HZF B S M MERYIT, #
HaE R — AR, S 5 @ F [ (posterior
inferior temporal gyrus, pIT) MY %W #FHi#E >, &
W WA LOC B —# 43, FE S YR BIFIE
FAEAHOCHE 77 & T s E A v B, AR
ARG h i EE A A, [EE, B XRE
) BARA B 3 285 o F T REAL H AR 2H Ak
()37 S5 S a7 R AR, b AT AR AR
TR D XA e B T 5 52 A 5 G
%A a4 05 [ (right lingual gyrus) ™ Fll5 40
W25 A TARICIZA A et (right cuneus) 7>
1) d 2 SRS
4.3 5y ARR AT AN R FR AL

FETRHERNZS (W12 315 2 A 42800 7T DAk —
ARTHBEEAT 55 R, B AN TR B A
g, FEARFSE E A I AT B8 2 R 008 RN A 3
SRR RME BAHSG . NI s Rl 2 Sl ny e 7
PO vE 8 2% BRSNS, DAL A ) o Kz 2

(V1) ZEfET5 - f 5 0400 o 0 g 3 26 ST A A
KRN ERNZS BOCRIIE S, RIS K )2
ZE P — S0 80 T i 4 R A0 3 g D) 270
TR SRR R By 145 B 7 (B2 HiR
BEAESAR SR S5 BT, et
2 HFRIB R o3 2800 T I B A ML IR 75 2
P2 TR

Wang 55 ) i i 5% b 22 AL ) )22 1T dE— 20 4
7R T ZRTATRHIE 232 R8N, AT 22 XPFRFFAE S 2H 300N 2
[BI AT IERBIL] , AR5 23500 2 (B2 A5 A7 AE AT i
PR A A O I A ¢ . Wang S5 RS & 2L,
FET BSR4 BT AU FE A% X Bl ik 2 1
PG, IR Do 28 st TG 45 AR 0400 o o 5% v
AU IR 21 XA I 5 R, R TR ARRRIE I 432
BB S B AR o L IO SR, FET S (]
X FR R AR (7 43 20 3 SNG4 A AL i B )z
(lateral occipital cortex, LO) . FEXJFR-5Zi {4 43 2
H, BRI IR T 5 AR (5 AR E 3 2H A DG A XU 5 e A%
DX S A T A5 DX A s, SO B T 5 IR A R
ZH AR DGR FMIIBL it K J2 R30S o TR B (A - TR AR 4
2 0] 5 B ) B (A SO IR AR 232 S 3R P RS i
XA B EES . LR, AFE SR P
K Yo DX IS L AT e S22 A A 200 Al fin:
ICHE, M2 NREIE S S AN [ AR DX s, AT A
3 A AN [ DX 22 ] ) AH B A AR — 20 4 a8 i R
B, AR

5 2 a5

UTARRR T A S (1 B RSAES RS ) 23 2 5800
FAREHEATHIFEAN, I WL F B REA T T P9,
AMAA sl T LA T N 2 HARIBERE ST
RSN SRR & R B BOWEE 7 o A ATAE 3%
AT ILZE 0 2 AN AR A . JEHANR &
JEBBLRIARICHITE, BFFE A BUAR IS 35 R A
BERREST, (AFFAEMAAR) U, #R T
AMRFITE S LB K R IR 7 X SRS T
fift 22 HARIBEAE 55 h o 40N O P L S At 1 e
NAEHIA

ARSI HARIBERE S5 B - RO A, FlSE
S IGEIB BT 55 B e 22U S AL R,
bl P T N T it D G 25 S QAN Y VA SR E
e, VARG 408 P al ki, JEHURAT e
HBONIE BAFAERTIMPERIBISE, $87R T MR anfa 4R
PEARI R R ALV RAL, XHRA T AR



-118- EMUFESEYIRHR

Prog. Biochem. Biophys. 2024; 51 (D

A GUFN Z Bl s - S aE A EE R fE
SREHBON T IR AR OCHIE ST R, GIESE T AN TR R
MER) 73 ZH RN AS BAT TN, R AR AE 23 ZH 500 Al
XF BRI RO AFAE AN 222 X T AN [ 36 T
i3 28N AN AT ANES JELA - Feria ° Hl Wang 45
BRI TP ATREIE 25 B BASTFEIA
MR 12— 245 R T o O Al i A L
il ANBA AL 22 F R & AR R e
HAUFI BRI, 2% [ 30 A2 9 25 X
SRR B S s AT AU AR R A 2
ik 53 T AN TR A R g A U0 AR e 0 R
ZRARFN), HAs AR TARNMHZME . X
SERTTEA B TRt — DRI . TP SE R 4545 A
IR M HA B MR R . BRILZ SN, X2 HiRiA
BT 55 v A AR 0 1 R A T 4 o B T g
g8, A BT T AR BLSC B A A T SRS R e
T B RETG SR DI R, IR F B3l R
2 ARGl R AR, FRE PR IR
L

6 E =

VITERFTEAEAT TS BB L, SR 2215
SEWTFENS AN )73 B0 e 532 A AT I B o 22 5
REERT THRE, BT 3 TR IR 45 2
fE ST AL B ANTRUR DA R 2%, 3 SR AN R 2E 070 2H 2L
PLE3 o P it T i A 2 1 Y SRR, it 24
N TSROV HE R R . (HA 2 H AR
JBEAAE S5 7 480N ] I BB S SR A7 A A o
PE— PR IR, AAN R S 230024 1 2R
LML R AR R E R, B A A
22 P2 (0 R BE 73 2L AR — R HA R A PR R B
BOHARR T A BA A, BEAR E e b
KX AR RO, 2555 NI, ARRAF
FE AL R LA T AT, i % BAR - 400,
LA A 1A 2 AL AT S Ry b HE 0 i 4t Sk
BE

i, EROAE PR RERE— AN T AR
AR SR LA, SRR PR AYIHFE, $EmiE
ERGU LMENTIE A S RN nl iR 3
EENRIFIEAI 2SR IEA T, AR KT
(LB Ay AT 18 G S O N < S S 7/ LN
SOV TR RN 2 R 800 = By i
WFFERAsRE = o A IR BT iT LU TR
SPHBUA T, B URANMEER | R TY

PR 7LV S | AR AT 5 AE 73 2 A0V
s G RS R | a8 SR A s R S 2H A 2 T
ARl AL o 3 Z2Rh o 2H ROV B 2%
B, R TSR 4O RIS AN R AR
AL 0 M

B EEREE TP RS AR AR
AR LR . DA E Sk TR T
5 TR I AR I 225 060 R AT 23 2HL 8007 ) 45 1 R G IR
DX, AT YA o RN 2 AT RIS, R
BeetstiIHE =, ARG FEMRLE X 5 5 T
YR S LN AT o A TR BIEFE AT LAE— 2D TR AR
FEHET YR AR A 2L, XA B T3 4F T
il L T WA B 3 AT, 0 X o BN 3 2 Y
WAL

S, FETARFAE B L ROV ) 73 RATS IR AT
IEEZN NG 7 M S VA3 i T 2
SEUERF SRS, DT A 70 808, n] I e S 1
i DR E R s R TR (T e R B 1 D B A ey A )
TE SRR, (AT 70 A A7 AE—
Pl HASEEMEEEES IR TR, Akt
TR, AR 23 1] {5 5 B A AR A 2 £ T
B EAE S S E B BR AR 55 P, W Scholl
S ptE R, BARS AR BRI SORUR
T RBAR AIE A RS SR, R SRR
PRAWTRL G R R, I S Sk 2 B
ZIT T R T 58 2 m T2 T YRR 7 480 Ay
FFRIME. HLOh, RARSAHIIEERW], AR ERHIE
AN (Bt JRARSE) AOME I X H S, I T
HOP B, (BT IS R AL TR 70 4
RO Ak = R AIESE UE I [R)— 20 28 N AR RIE
RAFARFEI AR . R, A el Al T i 2
ST IR LA T 23 AR 3L A0 ) P 22 S T
WF9T, XIEIRTTRE i e 2L DX AN TR 23 2H 5L
JO7 ) BRI A

2 £ X W

[1]  PylyshynZ W, Storm R W. Tracking multiple independent targets:
evidence for a parallel tracking mechanism. Spat Vis, 1988, 3(3):
179-197

[21  Wang C, Zhang X, Li Y, et al. Additivity of feature-based and
symmetry-based grouping effects in multiple object tracking.
Front Psychol, 2016, 7: 657

[3]  Feria CS. The effects of distractors in multiple object tracking are
modulated by the similarity of distractor and target features.
Perception, 2012,41(3): 287-304

[4]  Franconeri S L, Hollingworth A, Simons D J. Do new objects



2024; 51 (D

THM, F: ZERAREBERPHIALNT K EATME

+119-

(5]

(6]

(71

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

[23]

[24]

capture attention?. Psychol Sci, 2005, 16(4): 275-281

Makovski T, Jiang Y V. The role of visual working memory in
attentive tracking of unique objects. J Exp Psychol Hum Percept
Perform, 2009, 35(6): 1687-1697

Sun M, Zhang X, Fan L, et al. Hue distinctiveness overrides
category in determining performance in multiple object tracking.
Atten Percept Psychophys, 2018, 80(2): 374-386

Wang C, Hu L, Talhelm T, et al. The effects of colour complexity
and similarity on multiple object tracking performance. Q J Exp
Psychol (Hove), 2019, 72(8): 1903-1912

Zhao C, Hu L, Wei L, e al. How do humans perform in multiple
object tracking with unstable features. Front Psychol, 2020,
11:1940

Erlikhman G, Keane B P, Mettler E, et al. Automatic feature-based
grouping during multiple object tracking. J Exp Psychol Hum
Percept Perform, 2013,39(6): 1625-1637

Tombu M, Seiffert A E. Tracking planets and moons: mechanisms
of object tracking revealed with a new paradigm. Atten Percept
Psychophys, 2011, 73(3): 738-750

Yantis S. Multielement visual tracking: attention and perceptual
organization. Cogn Psychol, 1992, 24(3):295-340

Ericson J M, Beck M R. Changing target trajectories influences
tracking performance. Psychon Bull Rev, 2013,20(5): 951-956
LauJ S, Brady T F. Noisy perceptual expectations: multiple object
tracking benefits when objects obey features of realistic physics. J
Exp Psychol Hum Percept Perform, 2020,46(11): 1280-1300
Makovski T, Vazquez G A, Jiang Y V. Visual learning in multiple-
objecttracking. PLoS One, 2008, 3(5): €2228
WL, 95 A, BRI, 5F . 2 A8 B P R T I8 3h 5 B 04
RO LR, 2018,50(11): 1235-1248

Hu L M, Su J, Wei L Q, ef al. Acta Psychologica Sinica, 2018,
50(11):1235-1248

Wang Y, Vul E. The role of kinematic properties in multiple object
tracking. J Vis, 2021,21(3): 22

Alzahabi R, Cain M S. Ensemble perception during multiple-
object tracking. Atten Percept Psychophys, 2021, 83(3): 1263-
1274

Maki-Marttunen V, Hagen T, Laeng B, et al. Distinct neural
mechanisms meet challenges in dynamic visual attention due to
either load or object spacing. J Cogn Neurosci, 2020, 32(1): 65-84
Meyerhoff H S, Papenmeier F, Jahn G, ez al. Not flexible enough:
exploring the temporal dynamics of attentional reallocations with
the multiple object tracking paradigm. J Exp Psychol Hum Percept
Perform,2016,42(6): 776-787

Keane B P, Mettler E, Tsoi V, et al. Attentional signatures of
perception: multiple object tracking reveals the automaticity of
contour interpolation. J Exp Psychol Hum Percept Perform, 2011,
37(3): 685-698

WeiL, Zhang X, Li Z, et al. The semantic category-based grouping
in the multiple identity tracking task. Atten Percept Psychophys,
2018,80(1): 118-133

Wei L, Zhang X, Lyu C, et al. The categorical distinction between
targets and distractors facilitates tracking in multiple identity
tracking task. Front Psychol, 2016, 7: 589

Wei L, Zhang X, Lyu C, et al. Brain activation of semantic
category-based grouping in multiple identity tracking task. PLoS
One,2017,12(5):¢0177709

Hu L, Wang C, Zhang X. Spatial resolution and object

[25]

[26]

(27]

(28]

[29]

[30]

[31]

(321

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

segmentation efficiency constrain grouping effects in attentive
tracking. Curr Psychol, 2021, 41:7574-7587

Feldman J. The role of objects in perceptual grouping. Acta
Psychol, 1999,102(2-3): 137-163

Zupan Z, Watson D G. Perceptual grouping constrains inhibition in
time-based visual selection. Atten Percept Psychophys, 2020,
82(2):500-517

Wagemans J, Elder J H, Kubovy M, et al. A century of gestalt
psychology in visual perception: I. perceptual grouping and figure
- ground organization. Psychol Bull,2012,138(6): 1172-1217

Yi D-J, Turk-Browne N B, Flombaum J I, ef al. Spatiotemporal
object continuity in human ventral visual cortex. Proc Natl Acad
SciUSA, 2008, 105(26): 8840-8845

Henderson J M. Two representational systems in dynamic visual
identification. J Exp Psychol Gen, 1994, 123(4): 410-426

Zhou K, Luo H, Zhou T, et al. Topological change disturbs object
continuity in attentive tracking. Proc Natl Acad Sci USA, 2010,
107(50):21920-21924

Suganuma M, Yokosawa K. Grouping and trajectory storage in
multiple object tracking: impairments due to common item
motions. Perception, 2006, 35(4): 483-495

Fencsik D E, Klieger S B, Horowitz T S. The role of location and
motion information in the tracking and recovery of moving
objects. Percept Psychophys, 2007, 69(4): 567-577

Scholl B J, Pylyshyn Z W, Feldman J. What is a visual object?
Evidence from target merging in multiple object tracking.
Cognition, 2001, 80(1-2): 159-177

Scholl B J. Objects and attention: the state of the art. Cognition,
2001, 80(1-2): 1-46

Zhao L, Gao Q, Ye Y, et al. The role of spatial configuration in
multiple identity tracking. PLoS One, 2014,9(4): €93835
Papenmeier F, Meyerhoff H S, Jahn G, et al. Tracking by location
and features: object correspondence across spatiotemporal
discontinuities during multiple object tracking. J Exp Psychol
Hum Percept Perform,2014,40(1): 159-171

Howe PD L, Holcombe A O. The effect of visual distinctiveness on
multiple object tracking performance. Front Psychol, 2012, 3:307
Makovski T, Jiang Y V. Feature binding in attentive tracking of
distinct objects. Vis cogn, 2009, 17(1-2): 180-194

Wang C, Hu L, Hu S, er al. Functional specialization for feature-
based and symmetry-based groupings in multiple object tracking.
Cortex, 2018, 108:265-275

Chang C-F, Hsu T-Y, Tseng P, et al. Right temporoparietal junction
and attentional reorienting. Hum Brain Mapp, 2013, 34(4):
869-877

Whitney D, Yamanashi Leib A. Ensemble perception. Annu Rev
Psychol,2018,69(1): 105-129

Duncan J. Selective attention and the organization of visual
information. J Exp Psychol Gen, 1984, 113(4): 501-517

Treisman A, Schmidt H. Illusory conjunctions in the perception of
objects. Cogn Psychol, 1982, 14(1): 107-141

Pome A, Caponi C, Burr D C. The grouping-induced numerosity
illusion is attention-dependent. Front Hum Neurosci, 2021,
15:745188

Shurygina O, Pooresmaeili A, Rolfs M. Pre-saccadic attention
spreads to stimuli forming a perceptual group with the saccade
target. Cortex, 2021, 140: 179-198

Rashal E, Kimchi R. The competition between grouping cues can



<120

EMUFESEYIRHR

Prog. Biochem. Biophys.

2024; 51 (D)

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

be resolved under inattention. Atten Percept Psychophys, 2023,
85(1): 64-75

Lamy D, Segal H, Ruderman L. Grouping does not require
attention. Percept Psychophys, 2006, 68(1): 17-31

Wood K, Simons D J. Processing without noticing in inattentional
blindness: a replication of moore and egeth (1997) and mack and
rock (1998). Atten Percept Psychophys, 2019, 81(1): 1-11

Tran A, Hoffman J E. Visual attention is required for multiple
object tracking. J Exp Psychol Hum Percept Perform, 2016,
42(12):2103-2114

Palmer S, Rock I. Rethinking perceptual organization: the role of
uniform connectedness. Psychon Bull Rev, 1994, 1(1): 29-55

Van Assche M, Gos P, Giersch A. Does flexibility in perceptual
organization compete with automatic grouping?. J Vis, 2012,
12(2):6

Howe P D, Horowitz T S, Akos Morocz 1, et al. Using fMRI to
distinguish components of the multiple object tracking task. J Vis,
2009,9(4): 10

Aln@s D, Sneve M H, Richard G, et al. Functional connectivity
indicates differential roles for the intraparietal sulcus and the
superior parietal lobule in multiple object tracking. Neuroimage,
2015,123:129-137

Alnaes D, Sneve M H, Espeseth T, et al. Pupil size signals mental
effort deployed during multiple object tracking and predicts brain
activity in the dorsal attention network and the locus coeruleus. J
Vis, 2014, 14(4): 1

Tomasi D, Wang R, Wang G J, et al. Functional connectivity and
brain activation: a synergistic approach. Cereb Cortex, 2014,
24(10):2619-2629

Nummenmaa L, Oksama L, Glerean E, et al. Cortical circuit for
binding object identity and location during multiple-object
tracking. Cereb Cortex, 2017,27(1): 162-172

Hu L, Wang C, Talhelm T, er al. Distinguishing the neural
mechanism of attentional control and working memory in feature-
based attentive tracking. Psychophysiology, 2021,58(2): 13726
Tyler S C, Dasgupta S, Agosta S, ef al. Functional connectivity of
parietal cortex during temporal selective attention. Cortex, 2015,
65:195-207

Franconeri S L, Jonathan S V, Scimeca J M. Tracking multiple
objects is limited only by object spacing, not by speed, time, or
capacity. Psychol Sci, 2010, 21(7): 920-925

Shim W M, Alvarez G A, Jiang Y V. Spatial separation between
targets constrains maintenance of attention on multiple objects.
Psychon Bull Rev, 2008, 15(2): 390-397

Gao H, Cai X, Li F, et al. How the brain detects invariance and
inhibits variance during category induction. Neurosci Lett, 2016,
626:174-181

Jiang J, Brashier N M, Egner T. Memory meets control in
hippocampal and striatal binding of stimuli, responses, and
attentional control states. J Neurosci, 2015, 35(44): 14885-14895
LiF, Cao B, LuoY, et al. Functional imaging of brain responses to
different outcomes of hypothesis testing: revealed in a category
induction task. Neuroimage, 2013, 66: 368-375

Samrani G, Marklund P, Engstrom L, et al. Behavioral facilitation
and increased brain responses from a high interference working
memory context. Sci Rep, 2018, 8(1): 15308

Pylyshyn Z W, Haladjian H H, King C E, et al. Selective nontarget

[66]

[67]

[68]

[69]

[70]

(711

[72]

[73]

[74]

[75]

[76]

[77]

(78]

[79]

(80]

(81]

(82]

inhibition in multiple object tracking. Vis Cogn, 2008, 16(8): 1011-
1021

Zhang X, Mlynaryk N, Ahmed S, et al. The role of inferior frontal
junction in controlling the spatially global effect of feature-based
attention in human visual areas. PLoS Biol, 2018, 16(6): €2005399
Chen S, Weidner R, Zeng H, et al. Tracking the completion of parts
into whole objects: retinotopic activation in response to illusory
figures in the lateral occipital complex. Neuroimage, 2020,
207:116426

Mendola J D, Dale A M, Fischl B, et al. The representation of
illusory and real contours in human cortical visual areas revealed
by functional magnetic resonance imaging. J Neurosci, 1999,
19(19): 8560-8572

Orlov T, Zohary E. Object representations in human visual cortex
formed through temporal integration of dynamic partial shape
views. J Neurosci, 2018,38(3): 659-678

Ferber S. The lateral occipital complex subserves the perceptual
persistence of motion-defined groupings. Cereb Cortex, 2003,
13(7):716-721

Dicarlo James j, Zoccolan D, Rust Nicole C. How does the brain
solve visual objectrecognition?. Neuron, 2012, 73(3): 415-434
Iwaki S, Bonmassar G, Belliveau J] W. Dynamic cortical activity
during the perception of three-dimensional object shape from two-
dimensional random-dot motion. J Integr Neurosci, 2013, 12(03):
355-367

Creem S H, Proffitt D R. Defining the cortical visual systems:
“What”, “where”, and “how”. Acta Psychol, 2001, 107(1-3):
43-68

Machielsen W C, Rombouts S, Barkhof F, et al. fMRI of visual
encoding: reproducibility of activation. Hum Brain Mapp, 2000,
9(3): 156-164

Muthukrishnan S P, Soni S, Sharma R. Brain networks
communicate through theta oscillations to encode high load in a
visuospatial working memory task: an eeg connectivity study.
Brain Topogr, 2020, 33(1): 75-85

Haxby J, Horwitz B, Ungerleider L, et al. The functional
organization of human extrastriate cortex: a pet-rcbf study of
selective attention to faces and locations. J Neurosci, 1994, 14(11):
6336-6353

Hu L, Zhao C, Wei L, et al. How do humans group non-rigid
objects in multiple object tracking?: evidence from grouping by
self-rotation. BrJ Psychol, 2022, 113(3): 653-676

Brockhoff A, Papenmeier F, Wolf K, et al. Viewpoint matters:
exploring the involvement of reference frames in multiple object
tracking from a developmental perspective. Cogn Deyv, 2016,
37:1-8

Van Der Hallen R, Reusens J, Evers K, et al. Connection-based and
object-based  grouping in  multiple-object tracking: a
developmental study. BrJ Dev Psychol, 2018, 36(4): 606-619

Van Der Hallen R, Evers K, De-Wit L, et al. Multiple object
tracking reveals object-based grouping interference in children
withASD. J Autism Dev Disord, 2018, 48(4): 1341-1349

Chen Z. Object-based attention: a tutorial review. Atten Percept
Psychophys, 2012, 74(5): 784-802

Zhang X, Qiu J, Zhang Y, et al. Misbinding of color and motion in
human visual cortex. Curr Biol, 2014, 24(12): 1354-1360



2024; 51 (1) FEH, % ZEFARIBIRFRYS AR K E T <121

Grouping Effects and Its Additivity in Multiple Object Tracking

WANG Chun-Di"”, LI Shu-Ting"”, DENG Hu”"

("Department of Psychology, School of Humanities and Social Science, Beihang University, Beijing 100191, China;
2)Peking Unwversity Huilongguan Clinical Medical School, Beijing Huilongguan Hospital, Betjing 100096, China)

Graphical abstract

Stimulus driven Attention resources Goal-directed
Additive
Conjunction, contour interpolation, virtual polygon Spatial symmetry & color
Object-based Nonadditive

Color & shape; color, shape, & size

Grouping categories Correlated neural networks

¢ Feature properties grouping

Temporal parietal junction

Putamen
Spatiotemporal continuity Feature properties Frontal eye field
Spatial s etry Color e Spatial symmetry grouping
Common fate Shape Lateral occipital complex
Trajectories Size Posterior inferior temporal gyrus
Orientation The right lingual gyrus

The right cuneus

Abstract Reducing the consumption of attentional resources and improving human performance in dynamic
visual sustained attention tasks is a key issue in sustained attention research. The multiple object tracking (MOT)
task is a widely used paradigm for studying individual sustained attention. In a classic MOT paradigm, observers
need to maintain their attention on specific targets among a set of distractors and track their movement. To further
utilize attentional resources and improve tracking performance, researchers have proposed studying the additivity
problem of grouping effects in attention tracking. Grouping effects during MOT is the phenomenon that moving
items can be perceived into larger moving units based on featural cues of themselves or task requirements. This
article reviewed previous studies about attention resources, classification, additivity, and neural mechanisms of
grouping effects in MOT. Based on previous research, we concluded that grouping effects in MOT can be

classified into three categories, i. e., spatiotemporal-based grouping, object-based grouping, and feature-based
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grouping, according to different grouping cues (spatiotemporal continuity, global perception and organization of
objects, and surface featural similarity). Grouping based on multiple cues will produce greater effects compared
with one cue, this is the additive effect. The study of additivity is important for understanding the cognitive
mechanisms of different grouping effects, the attentional mechanisms, and resource allocation in individual
dynamic visual tracking. This study summarized previous behavioral and neuroimaging research and
systematically explored the non-additivity based on different surface features and the additivity based on surface
features and specific spatiotemporal features. Exploring the mechanism of additivity effects provides us with new
insight into understanding grouping effects. For future studies, researchers need to thoroughly investigate the
neural mechanisms of different kinds of groupings. This can not only provide explanations for the additivity of

groupings but also provide substantial evidence for the classification of groupings.
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