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ABSTRACT 

ed that test the hypothesis that shifts of attention can 
k mediated by automatic as well as voluntary contml. In these experiments. 
mbjects were induced to shift their attention. but not their fixation, through the 

utomatic versus nonautomatic pmcesses: 

INTRODUCTION 

eye position. Two experimental results invite this conclusion: First. 
are faster and more accurate at detecting or recognizing a target in a 

array if the position of the target is known before the array is presented 
il is not (Jonides, 1976: Smith & Blaha. 1969: Eriksen & Hoffman. 1974; 

8). Second, misinforming subjects about a target's 
ving no location information (Jonides. 

mcaused  by movements of fixation. They persist even with stimulus presen- 
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i.iilc~ll,. 1 1 0 4 )  lcl 111 I ~ C I I I I I ~  a s;lccaclc. and they itre found when eye pos~lion di~ussion of stirnull that control shifts of the eyes. and presumably attention. I n  

~ i i ( ' ~ ~ \ l s ~ c . c i  1 ~ ~ 1 , 1  I I . I I ~ ; I I I I \  11~,-(1. I voluntary or reflexive manner). 
\{.1,.,1 ~ . ~ 1 1 1 1 1 0 i \  I I I O \ ~ C I I I C I I ~ \  0 1  ;ittcntion'.' An examination of the exprimrnld The hypothesis, then, was that the two types of cues would mediate shifts of I 

I 

, I I I ~ ~ ~ ~ - ~ ~ I I , L ~  i l l a l l  I, I I ~ ( I I I C I ~ I I !  LISC(J 11, ~ l l ~ i t  shifts s~lggests o al~tatively different ways--one via automatic control and one 'la 

I r c t , \~c . ; i \~ \ .  \~~l) lcci \  arc prcscnlcd with 3 visual lnarkcr in a~v:i11 rol. Evaluation of the hypothesis required some empirical criteria 
\ I + ~ l i i l a t i \  <lil.l!.. \ r~i l i  I ~ C  111;irkcr loc;ltecl near llle impending loc;ltlcrl, ( . To avoid ambiguous results. a strict ps i t ion  was adopted hy 
~ i t - l i i  i 1 . 1  " K \ ~ I I  & I ~ O I I I I I ; I I I .  1972. 1973. 1974; Er1kst-n & R ~ h r h a  riteria for automatic processes and testing whetheradiffcrence I n  

I l ~ ~ i n ~ ~ r ~ c i : .  I V74; Van Iler tlcytlcn & Eerl;lnd. 1973). Such a n1arkt-r ween the types of  cues could be demonstrated according 
lilgil ~ I I I I I I . I \ I .  ~ ; I ~ I ~ I I I  tli\contintritv in a nt>nfovcal area of the visual field. Intui- e pxperiments that follow report the results of  tests against these 
I I O I I  ;1il0 W ~ I I I ~  cxl~crlnlclltallon suggest t l i ; ~ t  such a cue [nay auton~atically captuft 
:liiciili~~ll I I I I I C ~  ;IS 11 I I I I ~ ~ ~  i~~~ton~al ica l ly  elicit an eye movement to the cued 
I ~ ~ C S I I I I ~ I I .  11- a f\~nrlic~nal cve movement were permitted in these experiments 
1 . 1 ' t ~ I c i  c'C \ ! ; II~ Gcider, 1979). EXPERIMENT 1 : CAPACITY 

i31ll i'~*ril'l~crally loc;~ted vlsual cues are not necessary to cause shifts of attm I 

tlorl. lici11lh0/17 I 192.5) rcaliiretl t l ~ r r ;  long ago when he remarked that "it is 
ly cited feature of an automatic process is its minimal 

i l t 1 \ \ l l l 1 1 , .  \1111piy hy CI ccmscIou\ and voluntary effort. to focus 
ccording to many accounts. as a process becomes more 

\llnic 1 1 ~ 1 - I I I I I C  \pot ~n n f~e id"  Various casual observations lead one to the same 
lved are executed with ever lessening demands on 

i a ' l l < ~ i l \ l { l l ~ .  l'or r ~ i ~ n ~ p l e .  111 order to detect the dim illun~ination of d~stant stars. 
y. this is due in part to the stereotypy of operation lii;illy ,~\lr.oilrjnlcrs have developed the ability to f w u s  attcnt~on ~,~,lrtnmril!. on 

ost (if not all) automated processes. ,),111 0 1  l i~c  ~jeriplleral visual field while maintaining fixation at the center. Bul 
riment, a standard laboratory paradigm was used to assess oilc t h ~ - s  1101 even need to be extensively skilled or practiced to engage in a .  

vr)itlnt.lry dllfl of attenlion: We have all, at one time or other, watched an event ts engaged in a memory span task while performing 

" ( W I  4 1 1  ill(. ~ ~ o n l c r  of our eyes" without actually fovealing the event of interesl. direction of either peripheral o r  central cues. If peripheral 
are processed more automatically than central cues, subjects should 1 \;lcltli,cllr,~i c1;1t;1 illso <upport the claim that the location of attention is, 
pted less by the memory task when using peripheral cues during search. \ la l l~v t ' :  10 \.r~illlil;~~.y c.1111tr1d. Posner et al. (1978). for instance, gave suhj- 

r ( . / : / l ~ / / : ~ .  ~ O < , I I C I I  \ I \ U ; I O  C.II~'S (arrows) to indicate the perjphcrrll positions of 
l i ~ l i l l ' l l ~ ; l i ; , i !  ~ . ~ I ' Y c I \  1 1 1  ;I dr~cctit'n task. Introspection suggests th 

. l i i l ' l a i i ~ ; l  ;ilC e11ec1 ioc:ttitm; mtl~er. they seem to stimulate a volun DesiRn. There were two conditions in the experiment, in both of which the 
; l i i~ '11111111 .  entification of an L o r  R that appeared among seven other 

I cue condition, each search display was preceded an 
\il,l\r.. I ~ J ' ~ !  \ilri)"r( the Ilypothczi5 that attent~on shifts can be gu arrowhead that was placed near one of the letter positions. In the central cue ! 
; a l e c ~ i l . l ~ ~ l \ ~ ~ i \ .  0 1 1  I I I C  onc 11;llid. ccrtn~n sal~ent stimuli have reflexive control over condition, an arrowhead was also used as a locational cue, but it was placed in 

rhe center of the display where subjects were told to fixate. The delay between 
I ; I ~  \ I I I I I ~ I ~ ~ \  IS ~ I L I ~ ~ I I I ~ I ~ I C ; I ~ ~ ~  el~cited. On the other hand. suhjects have internal cue and search array was 90 msec. 

~ . l l ~ l i r i l i  o \ . ~ - I -  ( I I C  sllatial itllocation of attention so that. when motivated, they can 'The cost-knefit  technique of Posner et al. (1978) was used to assess shifts of 
\'ol;,lllarli: \111I t  ~ t t c ~ ~ t i t > r ~  I'rom o11e part of  the field to another. attention. On 70% of  the trials (valid trials) with either cue the arrowhead 

L\'c testrd this hypothesis by having suhjccts engage in a visua Correctly ~ndicnted the position of the impending target. On the remaining 30% o f  
iliit1c.1 l i ~ r  p11(1ancc of one or' two cues. One was chosen k c a u s e  of the trials (invalid trials). the arrowhead pointed to a nontarget location. U.'e 
Oi q ~ l l l r ~ : ~ i : ~ ~ ~ ~ . : ~ l l y  (Ir;~\vin:: attention (an arrowhead i n  the periphe-y), ntion hy examining differences in performance hetween 
s ~ i l ~ t - ~  ~ ; I I I  ,111-c1whci1d at the po~nt of fixation) was chosen because it was Presumed :': valid and invalid trials. This corresponds to adding together costs and benefits 
((1 c;l\l\c ,I \-ol~rrllary shift of attention (see Todd & Van Geld Posner et al. (1978). 

I 



I .  t 111111 ~lri~lcrpratluates wrvcd ;I\ p;ird volunteer\ i n  two exprimen- 
1.1, G.~- \ \~od~k <I (  I 11r c;~cIl. 

. I  . 14 c.l~ritj~trtcr ct~ntrtrllcd the present;it~on o f  s t i ~ i i u l ~ .  which were 
\;i\,):,l\cci on ;I ~~.IIIIIIL. tli\pi;ty tlcvicc. Suhiects were sctited such that the viewing 
I:Z\;.IJIL,(. f1.11111 I lie kcrccri \v;I.; a (~ (? rnx i rnn t r l  60 cm. The testrng rooln was kept 
lilllii!. l i l~111111;11 i '~1  111l'(~llpIl~1111 the experilnent. 

I Thc \t~niulus arriiys consistecl o f  irtters evenly spac~cd around the 
c ~ ~ - ~ ~ l i i ~ l e r c n c . e  nl' an irnnpin;lry circle o f  7.5" diameter. Each letter was 1.2" in 
i i c ~ g l ~ t  and .Xc  ~n \ r . ~u~ l i .  tach  stinlulus arrav was constructed hy first locatingm 
~c;)perci\sc 1. or an ulq>erc;lse R at one o f  the eight array pos~tions and then 
~ ; I I I~~~ I I I I~  wicc t in .~  uppercilse letters from the remainder o f  the a lphak t  without 
r.~,,~i;~st-n~enl to f i i i  the r v e n  rcnlaining display positions. On peripheral cue 
: r~ .~ i \ .  tiir S~IIIIII~IIS :irray?; were preceded by an outline arrowhead (.go in length) 
t ! ~ r t  ~ m n t e t l  to one oi'the eight array locations. The arrowhead was positioned in 
111c tli\i'l:ry cuch that its rip was .7" from the closest po~ i t i on  o f  the letter to which 
ii i > ~ l i i l l ~ d .  0 1 1  1111- centriri tile trial\. an arrowhead also preceded the letter dis- 
,I;;I\,.. i7clt II W;IS : ~ i w v s  pcwitioned i n  the center o f  the imaginary circle on whtch 
I l ~ c  i~:llrrs wrre pli~ced. 

;I\ Ilic II~SI c\pcr~ri icnt;~l sesslon, a subject received thrce hltxrks o f  80 trials 

in1111 tlie t\vo condition\, preceded by 30 practice tri;jls appropriate to that 
t.1111tlii1on ilyt.r~ldlcrirl lor  half the subjects, central for the other halo. The second 
\l '\\IO;I cont:line~l t r ~a i \  f r o ~ n  the remaining cue condition. I n  h,th conditions. 

L r k . ~ t s  50 v; l i l t i  ; rrr t l  24 invalid trials with targets appearing equally often at 
ts;~~.ji ( I I~~~~;I!:  p()\ltitln for cach type o f  trial. The practice trials were constructed 
I l \ i~; i !  ill(' \.III~I' i ) ~ . l ~ l ~ i p i ~ ~  as tttose used for the test trials. Data fronl the practice 
II~.I;\ arc not rncllltlrtl 111 the analyses presented below. 

' 1  Suh lc~ ts  were tcdd ahout the design o f  the experiment and about 
; w ~  c o ~ i t ; ~ ~ ~ c r l ~ \  111 which they woultl pi~rltc~rpate. This inclutled lnstr~lctions 

: t l ~ ~ ~ ~ r  1 .11~ v;iiitlitle\. Then they were t c l l t l  the order o f  events on each trial: First. 
i;~c, !  \ k , r l c ~ i t l  he rc:\d ;I 11kt n f  three. five. or <even rantlomly clloren tligits. Follow- 
1 1 1 ~ .  ; ; ) I \ .  t i ~ r y  collltl ~n i t~ ; i te  ;I trial that hcpan with a dot appearir~p i n  the ccnterof 
i l l ( -  \ t ' r t ~ ' r l  ;111(1 rt-n1;11111ny in  view for 2 rec. The dot ~ (~111d  he repl;~ced I)! the cue 
V ~ I I L I I  \\.;I\ (II\I~I'~I!.c.cI ltrr 25 nlsec. Next. the \creel1 would he blank for the 
( I ~ I ~ . I ~ ~ ' ) I I  (11  II~C clclay (YO msec). and then an eigllt-letter tliqplay would he pre- 
\cidlt.lr Itu. 25 rli\cc. 5111~~ccts wrrc told to press a leCt response key i f  the display 
L.II;~:-IIII;~~~ ;III I .  or n riglit key i f  i t  C~~I;IIIIC-LI an R.  They were instructed to 
rt.\ilontl :I\ cluickly yt.c ;IF at.ctrr;ltely as pozsrhle. fYinally. subjects were instructed 
1- I'~-~';III ;111)110 01e (IIFII strrrip i n  serial order. Subjects were told to regard the 

i:i+ :I\ \ccontl;~ry i ~ n d  not to let i t  detract from performance on the search 
; . l u  k~.\t.l.thclc~',. t lwy were lnl0 to he accur;tte in  their recall. 

\ \  I '  c~( .~cckcd t \ v ~  precautions to ensure that s~rhjects rnalntained fixation 
~ ~ I ~ ~ ~ ~ ~ : ~ ~ O I I I  r i ~ c  trial\. I .~rct .  we vipr\rously ~nstnlcted and reminded subjects abu t  
i i~r .  ~llli)crr~;lnc-c 01 ~ n a ~ n t a i n i ~ l g  Cixation Ihrouphnut the experiment. Second. we 

used a delay. 90  msec. for which the total duration o f  cue plus delay plus display 
was 140 rnsec. T h ~ s  value is about one-half o f  the average saccade latency 
reported i n  experiments similar to the present one (Colegate.  offi in an. & Erik- 
sen. 1973). Thus. even the fastest saccades to the target .should have k e n  
rendered nonfunctional.' 

Results and Discussion 

Rrncrinn Tirnes clnd Errors. Figure 11.1 presents the mean response times 

and errnr rates for central and peripheral cues as a function o f  memory load. 
Separate analyses o f  variance for each dependent measure were used to analyze 

1 

these results. The analyses included the factors o f  cue type (central versus 
! peripheral) and memory load (three versus five versus seven items) i n  addition to 

a subjects factor. 
The analysis o f  response times revealed a reliable main effect o f  memory 

.' load, F(2, 14) = 95.24, p < ,001, and a reliable interaction o f  this factor w i th  

. cue type. F(2.  14)= 10.07, p < .01. The main effect o f  cue t y p  was not 
significant ( F  < I ). Examination o f  Fig. I I . I  shows the cause o f  the reliable 

. interaction: Response times to central cues are affected by memory load more 
!' !. than responses to peripheral cues. 

6%. The analysis o f  error rates revealed no reliable interaction o f  cue w i th  memory 

i.~ load. F(2, 14) = 1.76, p > .05. although each o f  the main effects was signifi- 
k e a t  ( I  7 = 10.13. p < 0 2  for cue type, F(2. 14) = 10.44. p < .01 for 
:. memory load. 

f Memo? Scores. O n  the basis o f  assumptions underlying the use o f  dual-task 

: methodology. the reaction-time results indicate that processing the central cue is 

a more capacity-demanding task than pmcessing the peripheral cue. T o  ensure 
: that this conclusion is warranted. we examined the accuracy o f  subjects' memory 

scores. The result o f  this examination was the following: For list lengths o f  3. 5. 

and 7, respectively. subjects comct ly  recalled 2.93.4.53. and 5.56 items i n  the 
peripheral cue condition and 2.93. 4.38, and 4.75 items In the central cue 
condition. The data reflect the use o f  a strict scoring criterion i n  which a digit was 
counted as correct only i f  i t  was recalled i n  the correct serial pngition. Notice that 
on the average (and especially with list length = 7) performance is worse on 
trials w i th  a central cue than on those with a peripheral cue. Analysis of the ~ 
memory scores confirmed that there was a reliable main effect o f  cue. F (  I. 7 ) ~  
19.95, p < ,0011. and memory load, F ( 2 ,  14) = 87.35, p < ,001. and a reliable 
interaction o f  these two variables, F(2, 14) = 9.02, p < .01. So both the 

'P~lot erpnmentatlnn conllrmed the success of these precautions In I ~ I C  p~lot work. c~~hrec tq '  

f lxat~onq were rnontlored uh~le the same two prccauttons as In Expnmenl I uere exercised We a lnrrnd that suhlects refi~ated the dtrplav on 7% or less of al l  trials The reculr\ of rhe pllol crud) were 
- - .  .. . . 

unchanged by deleting the t r ~ a l s  on which refixations occurred 



Mean Invalid-Valid Re action l m e  in rnsec 





, .. . ., . . I  \IIIIII.II \ I J C '  I-l1~1.l .II\(' (')>I;III~\ 111 I~Y(?C~IIIICII~ .I ~n \~IIIC~I I ~ O  ~IICI~)I)I-\. iO,ill 
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1 .' 5 ' .  . 111 ;II~III~I<*I- \t'vic7\ ~ ~ I ~ C Y ~ ~ ~ ~ I - I I ~ ~ C I ~ I ~ .  .lon~tl<*\ i O X O i  lii~\ \l)<j\vn that !liere JR 
\ i ' \ l t ' i i ; . ~ l d c '  -ilid i O l l ~ l i ~ ) '  ~ \ l l l ~ l l ~ l i ~ ~ c - ~ ~ ~  rc(itIcl~on\ ill tllc nlapn~tuc~c\ of' costs and 
;'{'"'';'I.. \\ 1111 ~ I . ( ~ I I C I I I I I I \  III <.1lC ~ ; I / I ~ I I I \ .  Tljc J15crep;lnc.y hetween [he flr\t tun 

i ' \ i ) t ' l  c i i l < ' l l i \  C,III he. ~ -~ . \~~ i \ . c . t l  i ~ r ,  tlje has15 o f  thcse I ' l r ~ d ~ ~ ~ ~ .  
...  
I OIL' I:I<.I I~I;II c.clc \ ; I ~ I ~ I I ~  can have an cffecl on the rnngn~ttrde o f  costs and 

l l c h ~ l ( . l l l \  l;)i ,I ; ~ c r ~ ~ ~ I ~ c r i ~ l  CIIC ;('I well as o centlsl cue suggests that \uhlects dn 
11;1\ 1' \rllllc IIIC:I\UI'~ oI'~ol11roi over whcthcr they attend 10 the peripheral cue. Of 
t'lllli\c. :I\ llic c1:1(;1 o f  (hc "~pnore" cnndi t i~n in the present exper i~ne~t  sllow. 
\il:);<-(.i\ c11, ncv h;l\c I(~~;II cor~lrol: They cantlot co~llpletely ignore [he peripher4l 
<'ilr c \ c r ~  11' n~nliv:r\cd lo  tln s o .  Thus. a rc;lsclnahle conclusion m~pht  be that the 
(1;>cr:lil011 ol' IIIC pcrlpher,il cuc is not coml>letely automatetl. Perhaps there are 
:\r.o ~ ' r ~ l l l i ~ ~ n c n l s  to 11s proccssinc. a11 aulon~atic and a nonautonlatic one. The 
. i t l I l ) f i i ; ~ l i ~ .  C~II I~OIICII~ I\ rcvc;~led hy the identical differences hetween invalid and 
~ . l i n i  II-I;I~S Sl>r I ~ C  i~~lc l jc l  VCI.SIIS the ignnrc c(lndi1ion.s. The nonautomatic compo- 

w i t 1  rcvcalcd hy tljc cl1;rilgc in 111val1d minus valid response times with cue 
\.~i l t i i ty. 'l'hr\ nlii! he ;\I) ~~~ le ies t i np  hypothesis Tr)r ftlture research; but for the 
i)rr\cllI otlr III;III~ I)LIri)t>SC 1s ((1 demclnstrate a difference in the processing of 
..ciltr;li i ~nd  pel.~pl~eral cues. The present experiment is support for such a 
I ~ y ( ~ t ) i I i c ~ r r t i  tl~lCcrcl~c.c. 

EXPERIMENT 3: EXPECTANCY 

lli ~ : Y i ~ ~ ' f l l l l ~ l l l  ?. u.c rI~\co\~cred 11i;tt i t  IS <l~f.l'icult to ignore a penpheral cue when 
11 ,u('c ('(I('\ ;I \ i i 1 1 1 1 1 i i r \  t l~ \p l ;~y.  ;~pljnrcntly hec;~rrsc the prewnce o f  s~lch a cue 
~i1111; \ :1 . ,  ,I \ l ~ t l f  o l ' : ~ l l ~ ~ ~ ~ l i r ~ ~ ~  1111 1li;rny tri;~ls regartlless of  Instruct~ons to ignore the 
I:II~. ' i  IIC* ~.c.\t,,l \ c~!~sc\ l \  tlic I't~litnving gcneral~ration: The proper stirnellus cond~- 
I.IIII\ .ti[liir III.I! otlcn hc \ull-~cienl In trigpcr an nutomatic process in the present 
I S I \ ~ .  1.roii1 1 1 1 i \  11 II!IIO\~\ t11i11 :I i~cripIier;il cL1e st~ould rcnialn :In el'~ect~ve 
\:1111t11115 111 ~ i ~ i r i l l l . ~  ;tIIcni~c~li rc,c;~rdlc\s of whether subjects expect I r  to he pre- 
\<'l~lrli t ~ i  110i. ' i - l~ i \  \1;111tl\ In cc~iilrast to the effectiveness o f  ;I central clit.. I-lerc 
\',(. ;I\ ;I# ~ l i i c . \~ /c  tl1.11 i lir c ~ ~ ~ ~ l r o l ) c < l  prtlcessing that IS required to rentler th~s  cue 
~ ' i i ( ' ( ' l l \ c  \ t (v , iJ  IL-;I\C i t  \~ l> lcct  to changes in expectation. The present e-wr~- 
l ; ~ " ~ ~ ;  1 c ' \ i \  1 1 1 1 \  IIO~II>II: III;II 1s. \r,hcthcr the mtency of the 1u.o types of cues 1s 
llii lll(.lll t - t i  I)\ \~~l) , l rc I \  ' c~prcl;ltions a h ~ u t  their occurrencc. We predict that the 
. I ( I ~ - ; ~ ~ . I I ~ ~  li! 111- IIW ;)c.rll?l~cr:~l cue should render i t  less suhect to sucli ~nl.luencc. 
\\.'<. i~.\; !;)I\ ; ) r r< I~c t i~n  hy I ~ I I ~ I I I ~  1ri;ils with the two t y ~ s  nfcues and t;~rving the 

D;,P!I;I,J,,,:~, . % $ ~ . I I  ;i cut \\.liI hc prescntcd. Presumably. i fonc CIIC 1s ii~irde niuch 
"I"'\' ' i ( l I 3 # l i l l C  tl1;11.1 Ihc o l l i c~ .  thcn sutyects wi l l  come to expect i t s  cjccllrrence 
I I i t ~ l C  ~ i < ~ t , i ~ ~ ~ l l l ~ v .  

Method 

Ger~errrl I)fsign. There were two groups o f  subjects in  the experiment. Each 

p )up  was presented a series of  visual search trials as in  Experiment I (though 
wirhout the memory load task) w i ~ h  either peripheral or central cues preceding 
each trial in a mixed random order. For one group (80 C-20 P), central cues 
occurred on 80% o f  all trials and peripheral cues occurred on the remaining 20%. 
For the other group (80 P-20 C), peripheral cues appeared on 80% of the trials. 
whereas central cues appeared on 20%. 

Suhjfcts. Twenty-four undergraduates were paid for participation i n  two 

I-hr sessions. Twelve were assigned to the 80 C-20 P group. 12 to the 80 P-20 C 

@'up. 
Apparotrts crnri Stitt~rrli. The apparatus was identical to that described for 

Experiment 1 .  The test stimuli likewise were constructed according to the same 
principles used for Experiment 1. I n  the present experiment. two delay values 
were used. however: 25 msec and 100 msec. Subjects were presented with 400 
test trials in each session at one of these two delays. The order in  which subjects 
were presented with the two delay conditions was determined randomly. 

Proccclltre. i n  addition to general instructions about stimulus events. 70% 

cue validity, and cautions ahout speed and accuracy, subjects were told about the 
uneven probability o f  central and peripheral cues. They were further instructed 
that although the two cues were randomly intermixed, a trial-by-trial expectation 
for the more frequent cue would be correct much more often than not. 

t- 

? Results and Discussion 

Reaction Tin1e.r. Figure I1.3a and b display the reaction-time results for the 

80 P-20 C and 80 C-20 P groups. respectively. An analysis o f  variance was used 
to examine trends in the data. I t  included the factors o f  expectancy condit~on (80 
P-20 C versus 80 C-20 P). delay (25 msec versus 100 msec). cue type 
(penpheral versus central). validity (valid versus invalid), and subjects. The 
analysis revealed several reliable effects. As the figures clearly show. valid cues 
produce responses that are Caster than those produced by invalid cues. F( I. 22) = 
77.70. ,I < .MI. Furthermore. as i n  Experiment I, the difference between valid 
and invalid cues is greater for peripheral than central cues. F ( 1 .  22) = 89.82. fJ 

< .001. The most relevant interaction for the hypothesis underlying the e x p r i -  
rnent. however. is the reliable four-way interaction among expectancy, cue. 
validity, and delay. F ( l .  22) = 20.51, p < .005. Its interpretation is revealed by 
examining Fig. 11.3. Note first that the difference between valid and invalid 
central cues is much smaller (and. in  fact, not statistically reliable by post hot 
lest) in the 80 P-20 C than in the 80 C-20 P condition at a delay o f  25 msec. At 
the same delay, however. the difference between valid and invalid peripheral cue 
trials is about the same magnitude i n  the two expectancy conditions. This pattern 

I 
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the central cue, insofar as automatic processing is characterized by insensitivity 
10 variations in expectancy. 

The remaining reliable effects in the analysis of variance can all be interpreted 
in light of  the reliable four-way interaction. The interaction of delay with valid- 
ity, F ( l .  22) = 5.78, p < .OS, is a result of the overall smaller effect of cue 
val~dity at a delay of 25 msec. That this is due to the 8 0  P-20 C expectancy 
condition is indicated hy the reliahle interaction of  these two variables with 
condition. F (  1 .  22) = 9.75, p < .01. Finally. the reliable three-way interaction 
of expectancy condition. validity, and cue type, F ( l ,  22) = 19.31. p < ,001. 
also follows from the previous analysis: Although there is a larger effect of 
validity on peripheral than central cues. this is more true of the 80 P-20 C 
condition than of the 80  C-20 P condition. 

Errors. As Fig. 1 1.3 shows. the error rates were generally quite low. An 
analys~s ut varlance ident~cal to the one for reaction times wa\ used to analyze the 
data. The only reliable main effect was that forcue validity. F ( l ,  22) = 40.22. p 
< ,001. Two interactions were also highly significant: The first was an interac- 
tion of expectancy condition by cue type, F(1 ,  22) = 191.03, p < . M I ;  the 
second was a three-way interaction between these two variables and validity. 



p- 11. AlTENTlON SHIFTS 20' 

t. ' 
" ( "  l C  1 0  ~ t r r ~ ~ c l i i ~  1 p r e n  d l  , , , *tention hecalls i t  exploits a predispsit ion o f  the visual system to be espcially 

"i i"r i.'ricr "'I ii". 'l.';li' ()I] \\.hl~I) crpectcd c~res appear th;lll for trials on ,,,hlch msitive to discontinuities o f f  the fovea (Todd & Viln Geldcr. 1')79). 
"llc';lc"ic'i c,'c' ;li7lN';lr- I t  I\ n ~ t  ~ r ~ ~ n ~ e t l i a t c l y  clear why thl$ \.l,oLlld have hen whatever the difference between the cues, however. they both seem t o  have 
" '  ''I 'Iii! L'"'C. "CC311Sc tile error rates are ~ l~f . fercnt  fronl the c,lnrrilstc one conlmc,n effect: They concentrate a disproportionate <hare n f  sub.lects' pro- 
'"' "" rP'IC1f'lil ill'ic'. lVC illc c ~ ~ n f i d e n ~  that suh,er.ts are nnt trrdlne 

fa resources on the cued location. As Jonides (1980) has shown. a class of 
;lt'itll';lc~!' . i : i r - ~ f  tllc i n t ( ' r ; ~ c l i ~ ~  (,( illterCst in reaction times, models that accounts nicely for this effect is one i n  which prc~essing resources 

Ovc"'li'. f ' i c '  rc'\uir' exprlnlent support the hypothesis that il: are initially spread evenly over al l  target positrons. When a cue appears. 
ji' " ~ ' ~ ~ ~ p ~ ~ ~ ~ ' ~  cue :IttracIs attention more autonlatica1ly than a central cue, it causes more of these resources to be assigned to the cued location than to the 
:i'("lJd he lcs' <llelec[ l o  ctlanges i n  subjects' expectations about its occurrence. 1, akrr, costs and kne f i t s  i n  performance. According to this class of 
I S .  peripheral cue o f  the present experiment is  simply effective " 

nusing a of resources. because i t  has automatic control over Ihese 

=sources, ~ h , ~  greater control is not shown as a faster shift of attention 
GENERAL DISCUSSION - pued a central cue (overall reaction times to the cues do not differ). Rather, 

-r. 
cue seems to differ from the central b y  virtue o f  its abil ity to attract 

"lc experlnlentk Just dcsfrihzd have established four propcn,es nl ymphed mention on a greater o f  trials. I t  is i n  this sense that i t  i s  mom 
CIIc\: 

we make clear, o f  course, that we are not here claiming that the 
" pr'wessin@ (lf tile cues drlc' not d r i ~ w  Ileavily on coenltive resources, stiCS discussed above are necessaq to engage selectively an 

:Ir 'cast In ctlmi'arisnn with the pr(1cessinp of central cues, m e s s i n g  mechanism, only that they are sufficient. One may imagine lhat 

" Jlfficulf to stlppress a shljt of attention induced by a pcrip,,ed rimental manipulation could cause a central cue to act automatically as 
"" "lm one lndlrced by a central c l l e  This conclusion is supponed by tk the work o f  Shiffrin and Schneider (1977) suggests that 
i"'iiistinF 

and k n e f i t s  that accrue to a peripheral cue when subjects arc gimens that u x  consistent versus varied mapping with a sin** t y p  of 
'il*tnJcted '(l lennre i t  

effects do not persist when ~ u ~ j e c t s  ignorr cenlrd ause the cue to act automatica~ly o r  not.  his might be tested in the 
cue\ in two ways: One might provide subjects wi th  extensive consis- . ' Pcr')qt't,r;l' cl'es maintaln their attcnt~(,n-captclrinep property even when sub- ne training a cue to produce its effect automatically; Or 

.icc't' Ii" nc't Pa*lclllarlY exprcl  the~r  occllrrcnce, i-his is not tnle of central cues: one mig\ll provide varied mapping training wi th  a peripheral cue l o  try to 
'."rir r'rt'cilxcllc‘s in  causliip i ~ t t e n t i o ~  shjfis directly Rlated lo suhlects. nate its autolnatic effect (actually, the question o f  how a P m e s s  Once automated 
c ~ p - i . ~ f l o n \  ; i l m c i t  their occllrrellce, can be made nonautomatic is  itself an interesting one). I n  any case, 'he ~ r e . ~ e ~ ~  '' :"-i-lll"cr-ni L'L'cs are nlore effective in  drawing attention in the sense that ts suggest only that certain stimulus characteristics may be sufficient 

i'n"i'lce costs pius h e f i f s  in  pmcessing times and accuracy [ha,, o~nat ic  shifts o f  attention. 
CCII~I.;I/ cues. 

'1.. .. 
I I ~ C I ~  tc~pcthcr. these rcst~ltc suppnrt the hypothesis that the two cues differin 

ilil: r ~ l c n i  I(' lvhich they engage attenticm autnnlatically. One could attribute th~s 
c ; l i : c ~ r r ~ i c  in  autornal~city tn any nr all o f  several differences &tween the cues: 
"IN' pq.+\ lh~l~ty is that the pcripl~eral ale. by dint o f  i t s  position i n  the display. a 

';NU(' ,lic,'iSc In I t s  lclcnliz:rl~o~l ol the cued letter. A second alternative is [hat the 
c'vntr.~; c u r  i s  rcn~lered rclati\.ciy less effective than tlle peripheral cue kcau*  
"(lc'(!ilc.i' e n c ~ d i n g  o f  i t  (analysis n f  the direction in  which i t  points, as oppoPd 
1 1llli)k dcternlinatlon of 11s p s i t i o n )  i s  requ~red before its indicated location is  

rc"'c;cil.(i t s l  rile \llh.irc.t. Finally, a th~rr l  plausible account o f  the ef[ectiveness of 
iilc il('iiiliicr;ii C i l ?  t l i n g c ~  nn i t s  simliarity to visual stimuli that elicit ,-,=flexire 
1 '  A ~ c n r d l n ~  10 I l l i s  p s s ~ b i i i t v .  the peripheral cue effectivelv captures 

S ign i f i cance  

What IS the significance o f  having established two modes o f  control over atten- 
tion shifts? First o f  all, i n  doing so, these experiments add to the growing body o f  
literature concerned wi th  voluntary versus automatic control over perceptual and 
Cognitive processes. This literature has begun to  establish a range o f  phenomena 
in  which automatically guided mechanisms can develop. A t  some point, this 
collection o f  phenomena w i l l  contribute to a general theory o f  automn::city that 
wi l l  help us better understand the executive mechanisms that control cognltlve 
activity. 

But there IS also a more specific implication o f  the pmsent experiments that 
merits further exploration. Although the psychological literature has long con- 




