[l = e PR P R = Original Article
The Korean Journal of Cognitive and Biological Psychology http://dx.doi.org/10.22172/cogbio.2020.32.4.002
2020, Vol. 32, No. 4, 305-318 © The Korean Society for Cognitive and Biological Psychology

The Effects of Spatial Attention on Visual Word Recognition

Ko Eun Lee'’, Hye-Won Lee'

'Department of Psychology, Ewha Womans University

In this study, we examined the effects of spatial attention on visual word recognition. A valid cue was presented at the location
where target stimuli would appear (valid trials) and an invalid cue was presented at the location where target stimuli would not
appear (invalid trials). As an index of spatial attention, the cuing effect was calculated as the difference in the performance of
word recognition between the valid trials and the invalid trials. We investigated whether the cuing effects appeared in visual
word recognition tasks, such as naming and lexical decision tasks and whether the magnitude of the cuing effects varies
depending on word frequency. As a result, the cuing effects were observed both in the naming and lexical decision tasks, and
the magnitude of the effects was similar across the tasks. It indicates that spatial attention affects visual word recognition. The
cuing effects were greater in the accuracy of low-frequency words than in those of high-frequency words. That is, the effects of
spatial attention were more pronounced in low-frequency words. The results were discussed in terms of the word processing

model.
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e ijFe] wrgte o)7] g8 vzt WSIAlZIT Q1 (spatial cuing paradigm)S SPHO|AS] EA A& Z7HE
ot AFEHU AUEEN Z2 e E gt 23, o7 FoIAEE sh7] Sl 4 A=) UEhr] o ] &
SAA7I7F ARG B ooblet AR UEhs FaAE F 0 A Aol AAEE AAY FA Aol AAER] e fA]
o5 AMtsH] sh= ASE0] ST ol2let £ 7§°ﬂ*1 =  E 7l 9AME AXske otk (McCann et al.,

= 93 olafisr] fsiAl= BhHol A= $EL 2 1992; Posner, 1980). FHAE A ok= HAlol= B4
oA FastA| gk AL FASI b A 9&7ﬂ Hizk  Z=Fo] U 9AE 7HPle HRE S AXskE
ot ARkE 32 oE Agsfof gttt At 7A 2=0] FAcE X AAAY o 7ISE &

Fol= Ao AAEE FE2 A= 5 B4 A A 2 AR Bt AlMske Aol Stk A A9 A= AH
gxog g £ QA sk= Z|Alo|tHCarrasco, 2011).  3F7] 9l HrpAprh ApdAog 1§32 FoE 7]20lA
o] AejollA FJo] Pk AFAHor AmHEY] Qo of  EHI 22O A9 oA AR TSt A=l Aol
2] AFAEL T (spatial attention)E FA5te] ot A fARAE FofiA oz 1 A= FE 7]=0]
(Lachter, Forster, Ruthruff, 2004; McCann, Folk, & 7 TF=EtH(Yantis & Jonides, 1990). & AFoAE Fo&
Johnston, 1992; Robidoux, Rauwerda, & Besner, 2014;  f+=5}7] 9l $2te] WS AREstT: o= #Ab7] yet
Waechter, Besner & Stolz, 2011). FXveA migoiel e HAFY 494" U 404 A5 f=se F

of

T ZAAZ; o3, olatoiAiTietn 2o, (03760) A&Al AthE+ olsteqtid 52
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opdz] mosh= A, FY A= AAE dolE adu
o] 9= FA|ZA, To] A(word identification)& A&
& %= FAlo]th(Rayner, Pollatsek, Ashby, & Clifton Jr.,

2012). & AQl Al FAFGITE Yegths A &
2 dol7t A EE AR F7t FolFe W doio] A
o] f w=1l AglstA o]FojFthe AS on|git

AZHA ol AjQle]l o7t JeFe mXthe A2 o
Aol oz PEEGou dof Al FFS HlA]
+ TRt a5 ofBA Az Agsk=Aled Hoi= o4
SH3] A=A kgtt ZF aglef| whal Fort T A<l
of A= FFo] oGA A=Al AR 9o dA|
W7t 2 gl wet gEA e AmE 2art 9l
ot 2 dFolAE AR Tl ARle] dFdE nAE T8

el 5 shel dojdlo] whet F0]0] ko] th2A
UER =215 AnEgiT

TolRlE= tolE AHds)] -?4311 71 Tojef ofg] AHo|
d&ote B9 made IS mAe Hlew oA
SItH(Brysbaert, Madera, & Keuleers, 2018). Holvlxz gyt
+ AHIE thojo] Hls] 1HIE tho]o] Aol ©f Hglsiy
w7 o]foi2= @S TohH, AlZHA whol AjQl TtAlof
A dHEAoR HF o] rh(Balota & Chumbley, 1984,
1985, 1990, Gweon, Kim, & Lee, 2006; Lee & Lim,
2005; McCann, Besner, & Davelaar, 1988; Monsell,
1990; Monsell, Doyle, & Haggard, 1989). TolRlx: &}
7} Jeh}:= 212 dhodins} tho] Aol Al " Qest SAst
Gaetivation) Bl @RS wlAY] wEeR AwEsc
(Allen, Smith, Lien, Grabbe, & Murphy, 2005). ©o] A<l
o] o]f0jz]7] flaA= HA(threshold) oVF o & o9 B4
o s Aol Wagh], WL ol Aol 95

ot g2t @AY FAE] 24 £= Aol o

2ol To] Alo] § Al&sta AHolel o]fold Zog s}
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Murray & Forster, 2004).
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SiAE FHFEe] ool Robd JheAdol AlQtE U
(LaBerge & Brown, 1989; Mozer & Behrmann, 1990).
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UL gholel AL tholo] TR s AWEITh 1H
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., 2011). Risko 5& ghojdlz
o= DMOﬂ ﬂM A0 FFs Ulilllﬂi,

ST 9 dIo] %01‘”59} grofdtsol whep Ak
FollA 291 FpA e B4

=

= cCann 5(1992)9] AtoA=
E AM8oFA, Risko 5(2011)9] dA-olAl=
B HAE ARESITE F Al B do] s A
H7] Qg MAR AREE]7]= SkARE, Aol AiddEE A
g IAf A #Fo]7t Qltk(Schilling, Rayner, & Chumbley,
1998). oj¥jud HAE Fhstr| flofids To] ofFEE
gafioF ob7] wizell AFE ] Qe off] Bt H&she
ol Wagr B ofyet wheks U= o] AdEH. W
B HAM= 5] A5 di-go] #2A Hoi
8% ol o] H&o] PojuA] ot THA| 4-380]
SotH, &gE o] ¥Eshr| miie] & AtE 1ol
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W sk ojgiie SpAlH AR} Uehiea, =
IAlA Rt BAEe] Aolrl JenE AnEos
W o} Al TAle] B4 whet Zele] el thr
Ueh A2 skelshua shgc

ool

S o)Al

[«

%
712t

AFA A4 distw o] sk 427go] Age] Arsct &
7P Hd Uole 224/(20-28, SD = 174, oS
Baol2 ARgetal, QoA 5 ol AFoA] o2 AR
< WdeR stk Bt AlEl2 1.35(0.6-2.0, SD = 0.30)
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Wte ddd 2o weh F93 A=l disl] of 9w
| B g A4S AAGH

2 AR AAE A §FS A 7 A, BA B
e A W HijleR oSk 20013 HA|, ¥ )
X 2(etd, HIEtd) SAA .

Hat

W77t Ag AgAe] oW HA Hst AlFHAE AA]
St oh AE Ao TSt AAEE A Sk daks 20
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F(1, 40) = 1.44, MSE = 19.84, p = 24; FA1, 53) =
2.05, MSE = 29.56, p = .16; &4 EFFA F(1, 40) =
1.45, MSE = 719, p = 24; FA1, 53) = 132, MSE =
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+ + +
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Figure 1. The procedure of Experiment 1 (an example of the valid trials)
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p < .0011, A F2 "= FoskA] LA, 40)
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AT Hol 273 nR7IR R A siget= 3070
o Httol= ©hof Zo], WY Ji¢, ¥} 75 A5
T VHe BRor wEqdth WA 120719] Higels B
0= AA=HA

tho], Hidho} A= d= widd F A9 52 747 B
£7, Hletg 20 deE e, deEE eAs A7H
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OH%E}. g E52
, AHE ©o] 2072 FAEAH. °o] &
o] 1671, Y& ool 167He] tiaiAle etdsr o
/‘17} AFE AL, TR o] 47, AR o] 47o] 5]
M HIEFERE @A7F ARE S Bl 307]o] gt AR
S 200 disidE Bt 2A7E ARYEAAL, 671 sl
M Bl SA7E AgE .

= Ao AAe "ok, 9N BIFES BT W
Uy Heer sk 2(30HIE, ARlE) X 2(8hd, HIED) &
HARFE Aot

H1 H
.

B3

AR 20819] QAR 350819 2 AYOR o] Fol .
W] A BA A3L A5e @ en e Y
Wote Zlojglonl, ul AL AgE AFE Aglehn
A% 19 SUsh) AAE B AY AR AR 24

so] IRB 512 ghzsgict.

-
o

Z24 2 =9

sttt Atze A7HAE A Wer s FEES
A Hele® Shof(/), 2(ARIE, AHE) x 2(Bhd, HIE
) 2EAS AASIH. tfola eRE MRS E2]4
QF7F AR AR 7 27 WA Bde TIES
2 3 85D ol Eoll AlfE2 Al AlLlstlrt. A<l
o AR A4 ABY] 7.31%AH.

AEe

THAA e Feeg AmEY] 95 eHhgES AT 2
b, SRl o] Fawprt A7t BAA foletl A,
25) = 9.17, MSE = 1543, p < 01: FA1, 78) = 2.67,
MSE = 9947, p = 111, BAET} TolRle 2t ozt
& aapt §ostd oA, 25 = 4.61, MSE = 10.78, p
(.05 FA1, 78) = 6.04, MSE = 13.26, p < .05], TAEr
A FRI= FoAl AR, 25= 3.74, MSE =
10.05, p = .06; FA1, 78) = 3.95, MSE = 1326, p =
05]. RIE gojof] ohgh 4=3fo] AWIE Tojo] thgh 43
of Blsf 2.33% © A&SFAH0.91% W 3.25%). THIE o
oo Aol SAMaET -0.18%= Fo5kA] AFOLHA25) =
-0.39, p = .70], ARIE Tolol Ao SAaW 2.59%+= &
ogt Aoz YerddA[A25) = 2.20, p < .05], AHE &
ool SMaT7t F7KE Zlo] YAEQIC HIEERE ThA
7t Agd wfol vls] Rt Az AgE o 1.20% 53

A7 267 9] HEGARRE, QUSR] dis] £ AAl o] © A AE Bl AUTH2.68% H 1.48%).
Table 1. Error rates(%) in naming
invalid valid cuing effect
0.82 1.00
high frequency 0.47) 057 -0.18
4.54 1.95 .
low frequency (5.24) (3.25) 2.59
Notes. standard deviation in parentheses, = p < .05
cuing effects = invalid - valid
Table 2. Response latencies(ms) in naming
invalid valid cuing effect
) 657.97 578.21 -
high frequency 62.39) (60.69) 79.76
671.57 600.93 oo
low frequency 63.09) (56.51) 70.64
Notes. standard deviation in parentheses, ~ p < .001

cuing effects = invalid — valid
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HESA|ZH

SRR ERA AT F(1, 25) = 239.65, MSE = 613.51 p <
001: FA1, 78) = 280.49, MSE = 791.73, p < .001], ©e]
o] Fadt folstloemF(l, 25) = 28.87, MSE =
296.90, p < .001: FA1, 78) = 4.13, MSE = 3579.03, p <
05], SAEGAY} TofRle 7t o8 Gik= FookA
O¥QIeH F(1, 25) = 2.07, MSE = 261.11, p = .16: FAl,
78) = 0.33, MSE = 791.73, p = .57). H|E}@3t A7} F
o]d it gt gAZE Fold wff ¥EgAIZE] T5ms
W o m(665ms o] 590ms), THIE ojo tigh HREA|7to]
ARE chojof gt WH-SAIZEECE 18ms o W27 ettt
(618ms o 636ms). IHIE Tojof| A o] T 80mset A

W= ool o] BAEt Tims BF FolstdoA25) =
13.50, p < .001; A25) = 12.41, p < .001], 27 = &+
ojalgt o]z} {Igict.

M3 3

A% 20 Ao wEd QulsEdA 1115 %ou @A
ik of A et ao

NS
gt
i)
o)
>
oEL

4
H1
2
s
H

F ﬂroﬁ‘ﬂ]E?} —“7}1—4 7 AdeARgo] WEEA FoHA

AHIE thofol AHIL hojoll A FIhFO]o) ok ARt
ZAo7 YePdtHMcCann et al., 1992). A¥ 3°ﬂ Me ¥l
T oot AHIE Hof 7F ‘:}01315 atolg A7 sile o
o ofglEet MpAoA deAtgo] M WEEA] GeAE
AZEstaat speie.

ox
oE

At A7RE B o] 254(21-31, SD = 2.56)%, =
olE LIolz ARgSkA, QFollA 3| ol AFTH At
ek Bt AP 1.40(1.0-2.0, SD = 0.27)2 HAH
= WA T AZARA | dgstonh AR Ado] &
I IR L=

HH

rO[l

717
A% 1, 29 FUSEL.

iz " 27
= Age] Amet A= e 29F S5k

2z}
=2
A7late] Al BAH 2L 7pse g w2y AJsksh] o
o1 opdz] Weksh= ZAolglen, ymz] dats Ad 2
oF FLokglth & A9 e A1 &% digte] IRB 5
Qe Srastolrt.

Za 2 =9
A7 242 BESAIZE QHESE
skt ArE AE
A HQlo = shof(F), 2(RIE, AH
CF ]—

o] sl B4 AA|
T4 Wolog SIAYF) FES
L) x 2814, HJE
HH-eAIZEe] Ha-Z

E
]5“%% Ao Al LIS,

HEE
Aol AStEs AmR] e eNeEe BAT 2
3, goldlze] Faurt $OlSARIA(, 23 = 5546,
MSE = 49.01, p < .001; FEA1, 78) = 21.97, MSE =

3t 21489, p ¢ 001], BHErHAT Gols 7 A5Ag T
A 1, 20 R7RH S AR 24%o] AR 3ol Wk I ROSRORE(L 23) = 755, MSE = 1678, p <
Table 3. error rates(%) in lexical decision
invalid valid cuing effect
0.42 1.92
high f -1.50
e e (1.41) (332)
low { 13.36 10.26 309"
oW Treaneney (1.02) (8.25 )
Notes. standard deviation in parentheses, ~ p < .05

cuing effects = invalid — valid
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Table 4. response latencies(ms) in lexical decision

invalid valid cuing effect
high frequency 642.78 584.19 e
(45.64) (50.93)
o frequencs 780.92 710.69 -
(63.09) (56.51)
Notes. standard deviation in parentheses, ~ p < .001

cuing effects = invalid - valid

05: FA1, 78) = 6.36, MSE = 28.67, p < .05], SAEE
A Fade folstA AATHE(, 23) = 0.89, MSE =
17.11, p = .36 FA1, 78) = 0.64, MSE = 28.67, p =
A3]. T dojofl tigh S=efo] AWML whojof gt =Y
of sl 10.64% o A&stAct1.17% of 11.81%). FH=
oo Aol @AFT -150%= SO Ao
[423) = -1.92, p = .07], ARI= whojolAe] whrmxt
3.09%+= frolgt Aoz YerHA[423) = 2.08, p < .05],
ARIE Trolol A ATyt F7ket Aol TEE Q.

HESA|ZH

e FEAF(, 23) = 98.08, MSE = 1015.22, p
C.001: FA1, 78) = 66.65, MSE = 2353.44, p < .001], &
ofulr o]l Faaprt ot eH (£ (1, 23) = 279.77, MSE
1501.94, p < .001; FA1, 78) = 140.63, MSE =
5432.28, p < .001], DAErGAET doRlz 7+ Jozg
A= GostA EIH A, 23) = 1.16, MSE = 699.53,
p = .29 FA1, 78) = 0.40, MSE = 2353.44, p = .53]. H]
Bt @A7E Fold wiEoh Bet ThAzt Fold wf vk
AJ7¥o] 65ms T WEEom(712ms o) 647ms), 1HIE Tholo]
gk ¥ESAIZRe] ARIE oo thgh HESAIZFETE 133ms
o w2 ebttHe13ms o 746ms). THIE ghojof A 9]
SAET 59mset AHE Tojo o] @AEF} T0ms ZF

oot ontA23) = 838, p < .001: 423) = 7.24, p <
0011, 2711X% frefulet &pol7h glle.
EtA =2t

o 2(01%4 Rinss JJrlﬂ g ) X
=45 AAskldt. 1 As, 3 Fad{F(l, 48) = 0.15,
MSE = 2681, p = .05 FA1, 78) = 0.19, MSE = 46.70,

p =671, A X dolfle 452§ Fite= BE {o57
Forom[F(1, 48) = 0.76, MSE = 27.31, p = .39: FAl,
78) = 0.46, MSE = 46.70, p = .51], @ofdlz=o] Fgypqt
SOJettH A, 48) = 1238, MSE = 2731, p < .001;
FA1, 78) = 13.58, MSE = 37.16, p < .001]. A 137 «
T AR, Jerof gl 371 FAo] wet o
22 kg, dolRlke] wiet @AY 7|7 t2A

Ehgto, gofilzof] mE whamte] 27)= A 3t =
A ket

F=el
2 GFolMe FF7E A dol Ajlel WA
= AuEgitt. Tl e gol AddelME dF= vl
A= Aow Uehdth A2 o] AdS duEE g
QL MAIR ofgidt Aot FY HAlOlA HIEFERE ThAfzt

AAE wiefl Bl erget TA7E AIXE wf 4-8o] FER=
SASIE UETh 3 2 A4 a3t Ayt it
019 JF2 dojdlze] wet = Yete Aoz
AEQEd, ole Ag=et o] Qgith 1k, ARk
tolol A BE Bt GAE AAe 2 FHE07} Hol
o] YAz e W o AIERF wESo] UEou, A¥lE
crofol Aatk ¥F-g-o] ALt RYE= AR YEyih
2 dFollMe TF ol ARlA AHgom FHEo9
S ASSHAE e GAE AAIst] Tol7h AAE
£ A1ZYA wo] ZjQlo] &
He Aoz yeyth offlmd wA|, FY BANA &
o A ?ﬂ?(McCann et al.,
2018t d¥H e

1992; Risko et al., T I oA
Fogt dAat HEEI B oAy Wb FU3 A=
of sl HE AL}t oFjE HAIE AASIoER THA|
of wat FrFole] giFo] o7t QA APFHoR HF
& & Aed, T IAQ] EAof| whet F7Eolo] ko]
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A 922 ¢ Ao Yepdt

oo mg 109 JFE 479 A S
A t2A vegth eukgEolAe] gAats 1HlE o
ofe] Hls A¥IE Tojol A FTleaA, FIFF7E Fof

AL ARIE dojoqET ARlE oo AgEs
AA7le AoR Eayth olfdt e ofgjutt It
oF o AN FLHA YT ol McCann 5
(1992)0] olgjutet FHA|E Argoto] 1RIE Thol, ARIE o
ofoflA ARt F719] ©AEIE de Avks ANt Ay
olct, ¥ MAIE AHEote] HHEE o] A= ToloA] F
H0)o] gFo] HAohe S WETH Risko (20119
Aol g¥E A E 4 Qlvh Ju I oFelA=
Cha Zpol7h =t Risko 59 ATolAE HR-SA7 oA
HEEO] whE @A RO Zpol7h FAE GOV 2 dAofA=
oA Hlzo] wE Tagute] zpol7p WEE G 2

N
oL =2

ol

=

AFNME offlEd BA|, FY IANA FLE AE ¢
W71 el 7 T 7 A 2P vERd A2 A9

54 mEe] ofdehe As :

McCann 5(1992)9] Afolx W=7 o2 aipt 2
Al verd A %
o] AlolE A3 TEgl] :
oA AFEE WHIE olo] Wit dofRlk= 10459%, A
Rl ©olo] Bt doRl: 1608 T zpol7h dA|sH3ieh
McCann 59| A7elA= MRIE Toj= Hinh & 10081 ©]
sk HolFlal, ANl Tol= winh o 109 ofst 5
Bohe TolRed, o] Aot F2l9f 845 tEA e
of T3k ¥sts 7Fsdel o Risko S(2011)°] A+
NANAH TolfhES ol Azle of ¥ offof uet o]
o gl oA HEpd Ak ot Thsde AAeitta
= g ok "ofllrt 3 Afol7h YopA|gh grofRlke
o2 Fol9] FFelAY Aot Egvte Ad & 9tk
TFE A o] ARjlE SAloks AL

o flo
=l
rE
k1

E=) r
°
o
2
re

d 4 9 NEERE
glo] Z07} pelo] g 7oz Holth B 9lHa o
7} s \w 1 dele] ol wziwe} B3 sWEt

FHe Aor yeht] diZo|th(Carrasco, 2011). &, F]
£ 712% dolME 8 W2 dnY =2 AEE 4 9L

on| o Fe Bg A¥sit 5 AU %A A7t s

2 ALSRe A% THHIR GolE AT Helw iol=
7 ASE AFAN FEHE JRE vy

g 4 gome 7t Aae] A 9K W
94o] gas@A Hol Adle] 18 4 9e Aol
WFAE Fold W) ANE Golel At v e
oA FAE olafishy] AL wol Ael Al el
UHe A wel s Atuig Bash ik Y Be A

23 (parallel distributed processing model)o] W= o
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o7t Asks] dolg Fola] ofot A @99 &t o
Loy BAgsiuete o2 4oz RE o sty AR
o

% gke Zoleh W AN Sl IME dolo] wls) B
A 9NE 7 92 Pt ofste] AT FolAA] gho
A7t AE0| gllo] oFF o THE HolghF Hole} BT

S9150] BAsksl) clet tole). 20 A4 Bl o
Aol S RAl=vel 3

FolA=A] o7
FHfell gl Zolth

ok holel #lE =4 o9l9 43P FHHe A2
A og 11 dojf] APE FUARIH Ao 12 A
g, £hoA RE UEd 4 3ol & dAFolA 3t
FOg IRt ARIE dojolAo] Ay F32 Fgk ZHo
AR BT, WA oleld 70l e o
2 T 7] olfE Tt AR o] Aeket Ao F&
G 014 A AN 4 ook 20Et o 4
a 0] Azl T3t

olglet 7MHeAdE AARIH Al & 4 Uth(Carrasco, 2011;
Carrasco et al., 2006). 57F7o]7F AlZHA Aol 3lo] &
QF oPe P AW AT7E0] AUE LeEle ),
Ho] AI2le] G mlAle
aole] gagol ks ek Rsel itk £5 @l
A dof ARlelA AlZba] wlo] mhE 3ol =
AuE et Slrh
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