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ABSTRACT

vThme experiments are reported that test the hypothesis that shifts of attention can
*"be mediated by automatic as well as voluntary control. In these experiments,
subjects were induced to shift their attention, but not their fixation, through the
use of two types of visual cue. The experiments examined differences between
the cues on three criteria for comparing automatic versus nonautomatic processes:
~ capacity demands, resistance to suppression, and sensitivity to changes in expec-
- lancy. According to all criteria, one of the cues was shown to induce shifts of
#tiention more automatically than the other. This indicates two separable modes
of control over the allocation of attention.

INTRODUCTION

. Attention can be shifted from one locus in the visual field to another without
#ifting eye position. Two experimental results invite this conclusion: First.
Mbjects are faster and more accurate at detecting or recognizing a target in a
ual array if the position of the target is known before the array is presented
if it is not (Jonides, 1976; Smith & Blaha. 1969: Eriksen & Hoffman. 1974;
r. Nissen, & Ogden. 1978). Second, misinforming subjects about a target's
'hﬂion harms performance relative to giving no location information (Jonides.
1976; Posner et al.. 1978). Moreover, these ‘‘benefits and costs™’ in performance
ot caused by movements of fixation. They persist even with stimulus presen-
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Lions oo snel o perant a saccade, and they are found when eve position i
iheastaed aid renuuns lixed. |
Wi cantrals movements of attention? An examination of the experimental |
grocediee ihal s (requently used to ehcit attention shifts suggests one answer. *
Froguesuy . subjects are presented with a visual marker in advance of exh
sbntais airay, with the marker located near the impending location of the target -
ient fepksen & Hoftman, 1972, 1973, 1974; Enksen & Rohrbaugh, (970, -
Hoimgren, 1974: Van Der Heyden & Eerland. 1973). Such a marker would be 2
Igh condrast, salient discontinuily in a nonfoveal area of the visual field. [ntui-
Hon and sonie experimentation suggest that such a cue may automatically capture
atiention much as it might automatically elicit an eye movement to the cued
weation, g functional eye movement were permitted in these experiments
Ciodd & Van Gelder, 1979).
But peripherally located visual cues are not necessary to cause shifts of attet
tion. dicunhaoitz (1925) realized this long ago when he remarked that “'it is
possibie. sinpiy by 4 conscious and voluntary effort, to focus the attention o
some delimie spatin a field™" Various casual observations lead one to the same
conciusion. For example. in order to detect the dim illumination of distant stars.
many astronomers have develioped the ability to focus attention voluntarily on a
Qdtt ol tiwe peripheral visual field while maintaining fixation at the center. But
ane does aot even need to be extensively skilled or practiced to engage in &
vaiuntary siuft of attention: We have all, at one time or other, watched an event
“oupaline comer of our eyes” without actually foveating the event of interest.
Eaperomental data also support the claim that the location of attention is -
subject o voluntary control. Posner et al. (1978). for instance, gave subjects 3
contrudly iocated visuay cues (arrows) to indicate the peripheral positions of
npemdig dargels s detection task. Introspection suggests that such cues,
dBRe Bic penpheral visuad matkers lust described, do not automaticaily draw
aticniios doihe cued iocation: rather, they seem to stimulate a voluntary shift of

aiicntion,

dnese and other experiments (Jonides & Somers, 1977; Shaw. 1978; Shaw & ¥

Shaw. 1977 support the hypothesis that attention shifts can be guided by two &

icchivnsmis: On the one hand, certain salient stimuli have reflexive control ovet .
atiention adfocation such that when ane of these stimuti occurs, a shift of attention

w e stintius s automabicaily eheited. On the other hand. subjects have internal 3

4
t

coadrol over the spatial allocation of attention so that, when motivated, they can
voibitaniy shaft attention from one part of the field to another.

We tested this hypothesis by having subjects engage in a visual search task
under the guidance of one of two cues. One was chosen hecause of its likelihood
obwomatically drawing attention (an arrowhead in the periphery), whereas the
aihier (an arrowhead at the point of fixation) was chosen because it was presumed
to cause a voluntary shift of attention (sce Todd & Van Gelder, 1979, for 8
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discussion of stimuli that control shifts of the eyes, and presumably attention. in
8 voluntary or reflexive manner).
The hypothesis, then, was that the two types of cues would mediate shifts Qf
atiention in qualitatively different ways—one via automatic control and one via
voluntary control. Evaluation of the hypothesis required some empirical criteria
- of automaticity. To avoid ambiguous results, a strict position was adopted by

choosing three criteria for automatic processes and testing whether a difference in
- mtomaticity between the types of cues could be demonstrated according to all
#hree criteria. The experiments that follow report the results of tests against these
£riteria.

EXPERIMENT 1: CAPACITY

Perhaps the most frequently cited feature of an automatic process is its minimal
wse of mental capacity. According to many accounts, as a process becomes more

F~ -smutomatic, the operations involved are executed with ever lessening demands on

stientive resources. Presumably, this is due in part to the stereotypy of operation

g that characterizes most (if not all) automated processes.

In the present experiment, a standard laboratory paradigm was used to assess
Epacity demand. Subjects engaged in a memory span task while performing

R&7visual search under the direction of either peripheral or central cues. If peripheral

<tues are processed more automatically than central cues, subjects should be
"disrupted less by the memory task when using peripheral cues during search.

1. Method

Design. There were two conditions in the experiment, in both of which the
primary task was the identification of an L or R that appeared among seven other
letters. In the peripheral cue condition, each search display was preceded by an
arrowhead that was placed near one of the letter positions. In the central cue
condition, an arrowhead was also used as a locational cue, but it was placed in
the center of the display where subjects were told to fixate. The delay between
cue and search array was 90 msec.

The cost- benefit technique of Posner et al. (1978) was used to assess shifts of
attention. On 70% of the trials (valid trials) with either cue the arrowhead
comrectly indicated the position of the impending target. On the remaining 307 of
the trials (invalid trials). the arrowhead pointed to a nontarget location. We
diagnosed shifts of attention by examining differences in performance between
valid and invalid trials. This corresponds to adding together costs and benefits

in the sense defined by Posner et al. (1978).
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SMubyeets Bight undergraduates served s paid volunteers in two experimen
b sesaoas of 1 he eacly.

Aippeiratinn . A comiputer controlled the presentation of stimuli, which were

wispiaved on g graphie dispiay device. Subjects were seated such that the viewing
wistiace from the screen was approximately 60 cm. The testing room was kept
d@wniiy aitunninated throughout the experiment.

Somuli. The stimulus arrays copsisted of felters evenly spaced around the
circiinference of an imaginary circle of 7.5° diameter. Each letter was 1.2° in
neight and .87 10 widith. Each stimulus array was constructed by first locating an
uppercase Loor an uppercase R at one of the eight array positions and then
randomuly seiccting uppercase letters from the remainder of the alphabet without
repiacement to fili the seven remaining display positions. On penpheral cue

{nais. the stmius arrays were preceded by an outline arrowhead (.8° in length) 3
h p y ;

that pointed to one of the eight array locations. The arrowhead was positioned i

the display such that ¢s tip was .7° from the closest position of the letter 1o which

i poiinted. On the centrai cue trials, an arrowhead also preceded the letter dis-
pPiays. but i was aiwavs positioned in the center of the imaginary circle on which
the aetlers were placed.

in the hirst experimental session, a subject received three blocks of 80 trials
iroar ane of the two conditions, preceded by 30 practice trials appropriate to that
condition (peripheral for haif the subjects, central for the other half). The second
Sessiit contained triais from the remaining cue condition. In both conditions,
facic were 56 vaid and 24 invalid trials with targets appeaning equally often at
cack wasplay position for each type of trial. The practice tnals were constructed
Hhbiihe same principies as those used for the test trals. Data fron the practice
iias are notincluded 1 the analyses presented below .

Procedure. Subjects were told about the design of the experiment and about
s iwo condihions in which they would participate. This included instructions
shont cne validities. Then they were told the order of events on each trial; First,
iney wouid be read a hist of three, Tive. or seven randomly chosen digits. Follow-
e dirs, they could initiate atrial that began with a dot appearing in the center of
e sereen and remaiming in view for 2 sec. The dot would be replaced by the cue
whion wae dispiayed for 25 msec. Next. the screen would be blank for the
atiat.on ol the delay (90 msec). and then an cight-letter display would be pre-
seated for 25 misec. Subieets were told to press a left response key if the display
Fan Loora right key if it contamed an R. They were instructed to
respond as quickly veras accurately as possihie. Finally, subjects were instructed
tovecada adond the digat string in serial order. Subjects were told to regard the
sl iask as secondary and not to let it detract from performance on the search
Lk Nevertheless, they were lold o be accurate in their recall.

We exercised two precautions to ensure that subjects maintained fixation
B snont the trials, Iiest, we vigorously instructed and reminded subjects about
e ouporiance of maintaining fixation througheut the experiment. Second. we
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used a delay. 90 msec. for which the total duration of cue plus delay plus clilsplay
was 140 msec. This value is about one-half of the average sacsade &algz?i
reported in experiments similar to the present one (Colegate, Hoffma:. o
sen. 1973). Thus. even the fastest saccades to the target should have
rendered nonfunctional.!

Results and Discussion

Reaction Times and Errors. Figure 11.1 presents the mean response tllmzs
and error rates for central and peripheral cues as a function of memory 1I)a é
Separate analyses of variance for each dependent measure were used tof?,:,-{ﬁq
these results. The analyses included the factors of cue type (cgmrad” At‘
peripheral) and memory load (three versus five versus seven items) in addition to
: 5;‘2:2::\3;:::-“ response times revealed a relifable mfain effec.t (;f r:)en;oig
load, F(2, 14) = 9524, p < .001,and a reliabk? interaction of ths ac‘:;g ih
cue type, F(2, 14)= 10.07, p <.0l. The main effect of cue lfyp: iiable
significant (F < 1). Examination of Fig. 11.1 shows the cause o tle :jemore
interaction: Response times to central cues are affected by memory loa

ipheral cues. '
thal’;'t::s:::;;:?stgfze:oﬁ rates revealed no reliable interactio.n of cue with men:](:'\;}:
load, F(2, 14) = 1.76, p > .05, although each of the main effeﬂs wai s;)gl -
cant, F(1, 7) = 10.13, p < .02 for cue type, F(2, 14) = 10,44, p <.
me;n‘l:znl:a;c'ores. On the basis of assumptions underlying the use of dula:-\:asi:
me(hodolc;gy. the reaction-time results indicatt? that processing :he cen’trr: emzm
a more capacity-demanding task than processing the periphera cue. o n.m
that this conclusion is warranted, we examined the accuracy Of.SUbjeCIS c; : l;y
scares. The result of this examination was the following: For list ]engths of .ﬁ;e.
and 7, respectively. subjects correctly recalled 2.93. 4.53. and 5.:6 |telr‘::a||n the
peripheral cue condition and 2.93. 4.38. and.4.75. utgms.nn the ced‘ !
condition. The data reflect the use of a strict sconng criterion in whlch a digi \\;laj
counted as correct only if it was recalled in the correct serial position. Notlci t :n
on the average (and especially with list length = 7) performance 1s »‘vor\fe N
trials with a central cue than on those with a peripheral cue. Analysis o t_e
memory scores confirmed that there was a reliable main effect of cue;i F(l };L;
19.95, p < .001. and memory load, F(2, 14) = 87.35, p < .001. an ah::h "
interaction of these (wo varables, £(2, 14) = 9.02, p <.0t. So both the

"Pilot experimentation confirmed the success of !hese pre(.tautions. ,ln |h|<l p-\]m w::n;kr.c;:;pvec‘:e
fixations were monilared while the same two precautions as in Experiment f»\;re e qu.dv —
found that subjects refixated the display on 7% or less of all trials. The results of the p y
unchanged by. deleting the trials on which refixations nccurred.
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FiG. 11.2. Experiment {: Mean invalid-valid reaction times as a function of
memory load. Numbers in parentheses represent proportions of errors.

Thus, the attention-capturing power of the peripheral cue is relatively unaf-
fected by increased alternative demands on processing capacity. This is exactly
what one would predict if the peripheral cue were operating in a more automatic
fashion than the central cue.

We cansider now two further criteria used to assess the automaticity of pro-

cessing in this task.

EXPERIMENT 2: RESISTANCE TO SUPPRESSION

One of the most striking aspects of an automatic process is its resistance to
suppression. By this, we mean that, given the proper initiating conditions (i.e..
the proper stimulus), an automatic process will begin and end in an autonomous
fashion. An attempt to suppress or interrupt processing will either completely fail
or be less successful than a similar attempt to interrupt a nonautomatic process.
The classic examplie of resistance to suppression is the Stroop effect. The
problem for subjects here is that the names of the words intrude on the naming of
the hues in which the words are printed. But, subjects are aware of this. Their
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. cation of the jevel of automaticity for that process.
‘ Yo Expeniment 2 we introduced a condition in s..:?: subjects were
o nore the arrows that preceded the fetter dispiays. We ﬂg..,o:m.a that
v Al atrow cue provides 4 more automatic basis for an attention shift
Hhanacentral cve. then subjects should have more difficulty ignoring it .

Method

Subjecis. Eighteen undergraduates were paid for participation in one ex-

i sessi0n,

perimen
3%:::..\_, and Stimuli . The apparatus and stimulus dispiays were identical
hose of Uxperiment T with three exceptions. First, a delay of 50 mscc between
2:.,.\.:.,_ Gisplay was used. Second, the validity of the cue .:_ E,n ?._,._ﬁzmn__ and
.2._,_:.:» vie condibons was reduced o 12.5%. Because there were eight possible
iareet ~A.»,L_~.J,_,[. the one indicated by the cue was therefore only randomly :&.E&
._.E__..: __.x,..:._:: of the target. The reason for the %Qnm..no in <m_a. trials is
i Third, the memory load task was ehiminated. .

Phetved by il procedire was sinilar o that of Fxperiment |,

!

\.\.: ‘ .\:\..

N

sticns ol the memory load task . Subjects received two con-
secaiee hiogks of xf trials for each cue condition, Rn:_::w in a total of 320 test
RS ol cach cue condition were preceded by a black of 30 practice
¢ forthat condition. The order of cue conditions was counterbal-
Heea across subject

Svioge Cattend” group were given instructions that were similar to the
Pt searchoanstructions af Experiment | in addition, these subjects were told
eue vahdity, although they were not told that the
VWS b a chance evel, Througheut the session, these subjects were
vattend (o the cue becaurse on the average, they were told,

s

ISR

nthe

ol

e was g fardy jow

A i group of subjects was thstructed to ignore the arrow cues. They
Wi about the acty dity and the random relationship between n:m

. these subjects were shown data similar to those of
e to convinee them that the experimenter could assess whether thev
i v znored the cue. in this way. the need to ignore the directionality o.q
v 1 both perpheral and central conditions was emphasized.

cue v
i'wrthermore,

arrates are presented in Table |11, Two analyses of
assessed the effects of cue (peripheral versus
Y vaiid versus invalidy for each of the dependent measures.

e Lor each proup,

e

mu
¢
w
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The analyses of reaction times revealed the following effects. For the group that
was instructed to attend to the cue, there was a reliable main effect of validity,
Ful, By = 20.83, p < .001: no reliable effect of cue types (F < 1); and an
insignilicant interaction of the two variables, F(1, 8) = .43, p > 05. The
Intevaction is consistent with the finding of Experiment | that there is a smaller
difference between valid and invalid trials for the central than the peripheral cue.
That this interaction is not reliable may be attributed to the increased variability
of the valid trials in this experiment due to their small number.

Analysis of the reaction times for the group instructed to ignore the cues
revealed a somewhat different pattern of results. Again, there was no main effect
of cue type (F < 1). Also, there was no reliable effect of validity overall, F(1, 8)
= 2.98. p >.05. However, there was a reliable interaction of these two var-
iables, F(1, 8) = 6.25, p <.05. As Table 11.1 suggests, this interaction is due
1o the fact that there is a reliable difference between valid and invalid peripheral
cues (p <<.0S by Scheffé post hac test) but no reliable difference between valid

and invalid central cues (p > .05).
The analysis of the iow error rates for each group revealed no reliable effects

{p >.05).

These results indicate that, when given instructions to ignore an attention-
directing cue, subjects can comply when the cue appears in the center of the
display, but they cannot do so when it appears in the periphery. In other words,
subjects have more difficulty in suppressing an attention response to the
peripheral cue. a result that is consistent with our hypothesis that this cue actsin a
more automatic fashion than does its central cue counterpart.

There is one aspect of these results that may appear strange initially. The
mean difference between response times for valid and invalid trials in the *‘at-
tend”" condition is 95 msec for peripheral cues and 61 msec for central cues. The
comparable values for Experiment 1 are 337 msec and 153 msec. respectively.
Why is there such a large discrepancy between the experiments?

One obvious possibility is that Experiment | also included a memory load
variable that may have exaggerated the invalid-valid difference. But as we shali

TABLE 11.1
Mean Reaction Times and Mean Error Proportions for the
Two Conditions of Experiments.”

Condition Attend Ignore
Validitv Valid Invalid Valid Invalid
Peripheral RT 666 (155 761 (120) 714 (150 812 (131)
Ermors 039 (.042) 067 (.029) 061 (.042) 086 (.026)
Cue
Central  RT 679 (149) 740 (113 763 1197) 761 (122)
Ermors 045 (.046) .070 (.026) 050 ¢ 0359 (45 (.02

"The values in parentheses each represent one standard deviation from the respective means.
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- inanather series ol experiments. Jomdes ( 19807 has shown that there ar
svstciiiabe and tonghiy symmetnie
CAPrLincins canbe tesoived on the basis af these findings.

ine fact that cue vahidity can have an cffect on the magnitude of costs and
nenchis for a peripheral cue as well as a central cue suggests that suhjects do
bive some measure of contral over whether they attend ta the penpheral cue. Of
couese. as the data of the “*ignore ™ condition in the present experiment show,
stivjecis donot have total conirol; They cannot completely ignore the peripheral
coe even i motivated 1o do so. Thus. a reasonahle conclusion might be that the
operation of the peripheral cue is not completely automated. Perhaps there are
WO chmponenis o its processing. an automatic and a nonautomatic one. The
Automatic component is revealed by the identical differences between invalid and
vaid trais for the attend versus the ignore conditions. The nonautomatic compo-
Acid s vevealed by the change in invalid minus valid response times with cue
vabidity, This may be an miteresting hypothesis for future research: but for the
Present our main purpose is to demonstrate a difference in the processing of

ceutrin and peripheral cues. The present experiment is support for such a
hypothesized difference.

EXPERIMENT 3: EXPECTANCY

I iixperimen 2,

we discovered that it is difficult to ignore a peripheral cue when
it

pPrevedes assammibos display, apparently because the presence of such a cue
R st of atienbion on many trials regardless of instructions to ignore the
vae. The resat suggests the foliowing generalization: The proper stimujus condt-
Los aione mav ofien he sufficient to trigger an automatic process in the present
ciske Frome this it foilows that a peripheral cue should remain an effective
Suntus fo capture attention regardless of whether subjects expect it to he pre-
sented ol nat his stands i contrast to the effectiveness of a central cue. Here
we avioihiesize that the controlied processing that is required to render this cue
ciicctive wouid deave it subject to changes in expectation. The present experi-
B dests tus notion: that s, whether the potency of the two types of cues is
wicheed by subjects” expectations about their occurrence. We predict that the
Avivinaliciiy of the peripheral cue should render it less subject to such influence.
Wedesttius prediction by mixing trials with the two types of cues and varving the
SRR L L eaci cue will be presented. Presumably, if one cue is inade much

Nivhaive than the uther, then subjects will come to expect its accurrence
Hiore fiequenty.

o

At which no memory o §
A more plansibic possibility invoives the cue validity. In 3

&_.:

al reductions in the magnitudes of costs and
it With redvictnons i cue vilidity, The discrepancy between the first two "«‘
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Method

, . . h

General Design. There were two groups of subjects mEthe e)l(pen:nfn(tt,h(l:.j;h

‘ ert [ search trials as in Experimen

up was presented a series of visual searc . !
iri‘thf:ut thepmemory Joad task) with either peripheral or central cues preclegll:li
each trial in a mixed random order. For one group (80 C-20 P, Cf:n‘tr:a o
occurred on 80% of all trials and peripheral cues occurred on the remalfmh gmals.
For the other group (80 P-20 C), peripheral cues appeared on 80% of the .
whereas central cues appeared on 20%. ' o

Subjects. Twenty-four undergraduates were paid for pame:pangg ;nztow((:)
1-br sessions. Twelve were assigned to the 80 C-20 P group, 12 to the

u ) “ . .
gt‘),'ifir’pam'rus and Stimuli. The apparatus was identical to tha.t desc?hbe(:a::;
Experiment 1. The test stimuli likewise were conslmctgd accordmgdtol e\’alueg
principles used for Experiment 1. In the present .expenmen(. two eday.th 406
were used, however: 25 msec and 100 msec. Subjects were presented wi

i i ubjects
" test trials in each session at one of these two delays. The order in which subj

were presented with the two delay conditions was detenningd rland;)\r,r;lz't.g oo
iti ) instructions about stimulus s.
Procedure. In addition to genera ! e
cue validity, and cautions about speed and accuracy, subjects wef:n‘:1 :,Old'?,:?:,‘c e
; i er i
ili d peripheral cues. They were fu .
uneven probability of central an [ . . ur e
that although the two cues were randomly intermixed, a trial-by-trial e):pecta
for the more frequent cue would be correct much more often than not.

Results and Discussion

Reaction Times. Figure 11.3a and b dispiay the reaction-tlmg resuits f?;:‘:i
80 P-20 C and 80 C-20 P groups, respectively. An analysis of vanancedfvlg. A kgg
to examine trends in the data. It included the factors of expectancy conditio ¢
P-20 C versus 80 C-20 P), delay (25 msec versus 100 msec)l;. cct:: T:z
(peripheral versus central). validity (valid versus invalid), anc:1 su J:,a“.d ane
analysis revealed several reliable effects. As the figures .cleajl'.l‘)j' s ow.F(l e
produce responses that are faster than those Produced by invali cue; twee.“ mo
77.70, p < .001. Furthermore, as in Expeniment 1. the dlfferenc;2 o
and invalid cues is greater for peripheral than central cues, F(, . ) ~h .x .ﬁ-
< .001. The most relevant interaction for the hypqthcsns underlying the e ;;eue
ment, however, is the reliable four-way interacthn among Fxp'ectancyied b}:
validity, and delay, F(1.22) =20.51,p < ..005. Its mterpretatlon.ls re\;ez:ma“d
examining Fig. 11.3. Note first that the dlffemncg l?e(ween yahd ;n and
central cues is much smatller (and, in fact, not st:'at'lsucally rehabk; 22! po.ec «
test) in the 80 P-20 C than in the 80 C-20 P condm(')n at a'dela)" of 23 ::ral .Cue
the same delay, however. the difference between valid and mv'a_hd pe;!r[:.g v
trials is about the same magnitude in the two expectancy conditions. This p:
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fon, 22080 0

, . - : stem to be especiaily
N : ; i sposition of the visual system pe
<7 i These two interactions are apparently due to hight >, altention becausc it exploits a predispo

iti i Van Gelder, 1979).
iti sali i i s ofl the fovea (Todd &
ates o the trais on which cxpected cues appear than for trials on which sensitive to salient d|§Cont|r;u:t\Lecen e e v they both soem (o have
. _ ; : ! . ’ \ m o have
wheAIeCten cues appear. [0 not immediately clear why this should have beer Whatever the difference entrate a disproportionate share of subjects” pro
SoC I any case, becaitse the error rates are different from the contrasts of intered one common effect: They conc : (19801 has shown. a class o
R o e C:M; loft?‘uocnf.fecll is one in which processing resources
s ni S s
models that accounts mcely for thi ! w e .
are initially spread evenly over all potential target positions. V:’hentlon tha:[::, "
it causes more of these resources to be assigned to the cueddpca :0 e
mhcr; ‘pmducing costs and benefits in perfom.mnce,' Acgorlln‘%‘ e
' i sent experiment is simply
madels, the peripheral cue of the pre ; ‘ e
‘ causing a re:l]ogation of resoufces, because it has automatic cofmrol (1'0,, thes
, i ent -
. fesomfes This greater control is not shown as a faster shift ot :it;fe,) o oo |
pared wi}i.1 a central cue (overall reaction times to the cues dorpo vl .m aer: |
i i of its a
' from the central by virtue y e
the peripheral cue seems to differ . b ! AV,
lnegioz on a greater proportion of trials. It is in this sense that
effective. ]
\

Gt

are confident that subjects are not trading speed for
action of interest in the reaction times.

tie resuits of te experiment support the hypothesis that motivated it
il a peripherdi cue attracts attention more automatically than a central cue, i

should be fes< suhject to changes in subjects’ expectations aboul its occurrence. It L .-
is.

accuracy o ailect the inter
Overan,

GENERAL DISCUSSION

The experiments just described have established four properties of peripheral
cues:

imi e visual
We should make clear, of course, that we are not here claiming that thmmatic
e D Ou « 3 L] . n au
characteristics discussed above are necessary (o €ngage se lecuvel)lll a:magine e
» mechanisn i we
processi i hey are sufficient. One may ]
essing mechanism, only that t I
some ex grimental manipulation could cause a central cue to ac;;nutom ea {ha(
well Fopfexample the work of Shiffrin and Schaneider (l‘.)h ) syg%e.t;lpe o
.k . . i i sin
training regimens that use consistent versus varied mapping wut:t ;e tefted e
cie may cause the cue to act automatically or not.Jh\s mfh ex‘em.i ed
‘ i i ts wi s SIS
igm : might provide subjec : :
sent paradigm in two ways: One / T s or
f:::t ma[[:ping %raining with a central cue to pfoduce its effelct lji:tlz e efim',,
one might provide varied mapping training ‘wnh a periphera ecsq A
nate its automatic effect (actually, the q.uestmn‘ of how alpr(;::1 ;:aqe e mresent
can be made nonautomatic is itself an interesting one).' n any be e e
experiments suggest only that certain stimulus characteristics may be ¢
engage automatic shifts of attention.

b The pracessing of the cues daes not draw heavily on ¢
al least in companson with the processing of central cues,

2 itis more difficult to suppress a shift of attention induced by a peripheral
cie than one induced by a central cue. This conclusion is supported by the -
persisting costs and benefits that accrue to a peripheral cue when subjects are -
instructed to ignore it. Such effects do not persist when subjects ignore central

ognitive resources, §

cues.

3. Penipheral cues maint
Jects un not particu
Voeir eflee

ain their attention-capturing property even when sub-
arly expect their occurrence. This is not true of central cues:

fliveness in causing attention shifts is directly
expecianions about their occurrence.

4. Penpheral cue
they produce gre
cenliai cues,

related to subjects’

§ are more cffective in drawing attention in the sense that
ater costs plus benefits in pracessing times and accuracy than

. . e Significance

awen together, these results support the hypothesis that the two cues differ in ;i 9 » having established two modes of control over atten-
ihe exient to which they engage attention automatically. One could attribute this t What 1s the significance of having es
aiierence in automaticity to any or all of several differences between the cues: |

i ing body of
tion shifts? First of all, in doing so, these expeniments adc: rt((;l t:Se%r;:rceitual zmd
literature concerned with voluntary versus automatic ;?:h » rangt of phenomena
cognitive processes. This literature has l?egun to estal Il Nt some. point. this
in which automatically guided mthanlsms can delv‘;op- of automaticity that
collection of phenomena will contribute oa general t t:orzlmllt ) ogmitive
will help us better understand the executive mechanisms

One possibility is that the peripheral cue. by dint of its

position in the display. 15
faaic piceise in s localiz

ation of the cued letter. A second alternative is that the
central cue s rendered relatively less effective than the peripheral cue because

Vdeeper™ encoding of it {analysis of the direction in which it points, as opposed
to stunpie determination of its position) is required before its indicated location is
revewied to the suhsect. Finally, a third plausible account of the effectiveness of

ccordin cit I“:I[ l‘llc[e 1S also a more Q])e( |‘ C i I) i t lle l"esent expeliments (hat
| é o this 1 1 m ]lca ion oft

. Uil Ji\i)\ < i sue b } 3 | S S i | O l I $ l l Nlﬂ( el : re“eXIVe I ! § I h ul h the p Ch()logical llte atur o ‘( g
\i]p{‘ﬂ(h S, /\ CO ing to hl YOSS) ”l . (o} l)(}ri‘llleral Cue Er‘- ‘VC‘_V capt“res IllelitS Iul‘lhEI explOIa(lon. A tho g Sy T € h s long con
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