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OUR EYES DO NOT ALWAYS GO WHERE
WE WANT THEM TO GO:
Capture of the Eyes by New Objects
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Abstract—Observers make rapid eye movements to examing theEven though there is a large body of evidence which suggest
world around them. Before an eye movement is made, attentipithis appearance of a new object may capture attention, it is la
covertly shifted to the location of the object of interest. The eyes|typiknown whether such an event also triggers a subsequent eye
cally will land at the position at which attention is directed. Here |wment. There is, however, ample evidence to suggest that therg
report that a goal-directed eye movement toward a uniquely colpreldse relationship between the oculomotor and attentional sys
object is disrupted by the appearance of a new but task-irrelev&@itidies have shown that before a voluntary eye movement is
object, unless subjects have a sufficient amount of time to focus| théiention is covertly shifted to the location of the object of inte
attention on the location of the target prior to the appearance ofl tieg., Hoffman & Subramaniam, 1995; Kowler, Anderson, Doshe
new object. In many instances, the eyes started moving toward the B&aser, 1995; Shephard, Findlay, & Hockey, 1986). The eye typid
object before gaze started to shift to the color-singleton target.|Th@l land at the position at which attention is directed (Deube

eyes often landed for a very short period of time (25—-150 ms) ne
new object. The results suggest parallel programming of two

cades: one voluntary, goal-directed eye movement toward the ¢
singleton target and one stimulus-driven eye movement reflex
elicited by the appearance of the new object. Neuroanatomical s
tures responsible for parallel programming of saccades are discu

It is well-known that the visual system is sensitive to events
exhibit sudden change (Breitmeyer & Ganz, 1976). When a pe
is engaged in a particular task (e.g., reading a book), some
might happen in the environment (e.g., someone switches on &
lamp at a nearby library table) that immediately captures the
son’s attention even when he or she had no particular intenti
look for such events. Directing attention to these events may n
ly seem to distract the person from the intended task. It has
argued, though, that detecting these sudden changes in the en
ment is significant for behaving organisms because these e
may require immediate identification and action (Todd & \
Gelder, 1979; Yantis, in press).

A number of studies have demonstrated that an abrupt-onset
(an object presented with a transient luminance change) cap

r&obneider, 1996).
sac-
olor-
ively
truc-

EXPERIMENT 1

5sediy the present study, we used a visual search task in w
observers were required to make a voluntary, goal-directed sa
to a color-singleton target. In half of the trials, simultaneously V

ththe presentation of the color-singleton target, a new object pres

rswith an abrupt onset appeared somewhere in the display. In co
hiagprevious studies investigating the effect of onsets on attent
diegdloyment (e.g., Yantis & Jonides, 1984), in the current study
penset was never relevant for the task. The question addresse

bnmteether the appearance of a new yet irrelevant object would di

nettee planning and execution of the goal-directed saccade towal

bsmyleton target.

viron-

vents

an Method

bjechpservers viewed displays containing six gray circles (3.7
Wi8neter), each containing a small gray figure-eight premask (0

attention automatically (Jonides, 1981; Muller & Rabbitt, 198%

Theeuwes, 1990; Yantis & Jonides, 1984). These studies show g

even when observers have no intention to look for an onset, an g

onset among other nononset elements is processed first. On the hasi

of these findings, it has been argued that sudden luminance ch
such as the appearance of a new object in a scene, capture atte
a purely stimulus-driven fashion (note that for attentional captu
occur, it is not necessary that the new object has a luminance
ment; see Yantis & Hillstrom, 1994).

Address correspondence to Jan Theeuwes, TNO Human Factors Re
Institute, P.O. Box 23, 3769 ZG Soesterberg, The Netherlands, e-
theeuwes@tm.tno.nl, or Art Kramer, Beckman Institute, University of lllin

B ).2°), equally spaced around an imaginary circle with a radiu
*6°. After 1,000 ms, all circles except one changed to red, a
bfHBlsame time, the small premasks inside the circles changed

SObservers were instructed that as soon as the colors of t
"YIES: changed, they were to quickly and accurately make a sal

}“ﬂ‘i’r"é@tly to the only gray circle left (a color singleton) and to de

€#ine whether the letter inside the gray circle wagta which they
NEESponded by pressing a button with their left hand) or a revétse
which they responded by pressing a button with their right ha
The letters inside the red circles were distractor letters rand
sampled without replacement from the SetE, H, P, FandU. A
pilot study was conducted to ensure that accurate target ident
digpcould be achieved only when the letter was fixated. Eye m
manents were recorded by means of an Eye Link tracker (25
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vigemporal resolution and 0.2° spatial resolution) from 8 n
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the solid lines.

On half of the tials, at one of bur possike locdions in the visual
field, an adlitional red cicle was aded to the displaat the same|
time thd the color singleton as evealed (seeif. 1 for e<amples of
the stimulus maerials)!

Results and Discussion

Approximately 7.4% of the fials were discaded because
obsevers were not fxating the fxation dot & the bginning of the
trial (anticipdion saccades)Those trals on vhich obsevers made
ermors (i.e, pressed the vang response &y) were also &cluded
(4.4%). Because therer rate was so lov, eror scoes were not ana
lyzed futher

Figure 2 pesents theye mo/ement behdor of one epresentéive
obsever. The results displged ae sample points Yery 4 ms) of the
pah of the frst saccade (aitional saccades @amot shan). When no
new object vas aded to the displa(contiol condition),saccadeseay+
erally went dilectly to the colorsingleton taget (Hg. 2a). In those t¥
als in which a nev object vas adled to the displa however, the g/es

1. It might be agued thathe initial cgture of atention ly the nev object
occured not because of the slah @peaance of the ne object lut instead
because the meobject ppeaed d the center of alaster or group, of three
closely spaced objects (seg., the locaion of the nes object in kgs. 2h 2c,
and 2d)We tested thisypothesis in a comi stud/ by including an adition-
al circle in the displgt in the same positions inhich the nev object ppeaed
in this stug. However, in this contol stud;, the etra circle gppeaed a the
beginning of ea trial along with all of the other ales. In this cas@bsevers
did not star moving their g/es in the diection of this aditional circle. There-
fore, it was the ppeaance of a n@ object and not aluster of thee dosely

Fig. 1. Graphic illustration of the displgs and the tempal sequence of arxpelimental tial (from left to ight). Note thathe taget is deined
simultaneoust with the gpeaance of the onset distttor The gay circles ae indicded by the dashed line3he ed cicles ae indicaed by

spaced objects thdismupted saccades to the singletoryéar
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often went in the diection of the ne object,stopped Liefly, and then
went on to the taet (Fgs. 2 2¢, and 2d).

The ppeaance of the ne object (i.e, the drupt onset) dected
not ony eye mavement behéaor, but also eaction time () to iden
tify the letter inside the color singletonTRf 785 ms without the me
object vs. 840 ms with the weobject,F[1, 7] = 22.08,p < .01).The
sudden gpeaance of the ne object did not dect the time it took the
eye to star moving from the centlly locaed fixation point (saccade
latengy of 238 ms without the me object vs. 230 ms with the we
object); ether, the incease in mamal RT was causedybthe needdr
an adlitional saccade to be madern the irelevant onset stimlus to
the locdion of the colorsingleton taget on mau trials.

Figure 3 summazes the dict of the ppeaance of a n& but
task-irelevant object on the scan thaof the ge. The maxinum
angular deiation of the e from a linear pth between the ikation
and the taget object vas calculted over obsevers. As is dear from
Figure 3a,in the contol condition, in which no nev object vas
added to the displg the ges tended to @ directly to the color
singleton taget. In contast,Figures 3h 3c, and 3d she tha when
an irelevant nev object vas pesentedin mary instances theye
went in the diection of the n& object. Een when the ne object
appeaed 4 a locaion opposite the singleton gt (& 150°),the ge
tended to stamoving in the diection of the n& object. Oerall, the
results indicte thd in about half of the fals, the ppeaance of a
new object disupted the planning ancecution of the gal-directed
saccade ward the singleton taet? Irrespectie of where the ne

2. Two different 90° taget-distactor spamtions were used in the styd
The onset disaictor could ppear 90° way from the taget in the same or in th
different hemifeld. Given tha thee was no diference in the y mavement
and perbrmance ptiems for these tw 90°-s@artion conditionsthey were

D

collapsed or the pupose of pesentéion.
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control (no new object)

©,

new object appearing at 30° from the target

30

O

o ©

new object appearing at 90° from the target

new object appearing at 150° from the target

Fig. 2. Initial tradks tha the ges took as theleft the fxation point
until the frst fixation near one of the coled cicles. Eye position vas
digitized a@ 250 Hz.Thus,the points in theifure represent d& points
acquied eety 4 ms duing the initial e mo/ement. Ey mo/ement
behaior of an obserer is shavn for the contol condition (a),in

which no nev object vas pesentedand br three onset conditions|:

when a n& object vas pesented lose to the singleton tget (& 30°
of arc, comesponding to a distance of 6.4° of visual angle)wWbgn a
new object vas pesented drther avay from the singleton tget (&
90° of ar, coresponding to a distance of 19.4° of visual angle)
and when a n& object vas pesented tathe opposite side of the visy

al field (a 150° of ac, coresponding to a distance of 25.4° of visual

angle) (d)The esults ae collpsed and nanalized with espect to the
position of the taget singleton (m&ed hee with a doule circle) and

object ppeaed the ges tended to me in a diection tha corre-
sponded to the lotian of the ne object.

When the ge stated to mee in the diection of the n& object,
in most cases theye stoppeddr a bief peliod bebre it went on to
the singleton tayet. Hgure 4 shavs the ixation durtions after the
first saccadeof those saccades thaent in the diection of the ne
object. For this analsis, we used onl the 90° and 150° tget-
distractor spartations because thesepsaations made it easy to dig
criminate saccades ward the ne object fom those tward the
target. Note thaabout 87% of theikation durtions were less than
150 ms,even though a completéhange in the diection of the ge
movement vas equired to edirect the ges in the diection of the
tamget.

We also &plicitly asled obserers after the xpeliment whether
they were avare thd the gpeaance of the ne object afected their
eye moements. Obseers indicded tha they were sue thd their g/e
movements \ere not afected ly the gppeaance of the ne object.

On the basis of thesesults,we condude tha the gpeaance of a
new object interéres with the planning andxecution of a gal-
directed ge mo/ement to the color singleton. Har reseach has
demonstated tha the gppeaance of a ne object irvoluntaily cgo-
tures dtention (Theeuves,1994;Yantis & bnides,1984).The curent
results indicte thd a nev object not onf cgotures dtention, it also
cgptures the ges.

EXPERIMENT 2

The results of theifst stug sugyest tha both the gal-directed
allocaion of dtention and the m@ment of the yes to a kealy
defined taget can be disipted ly the gpeaance of a ne but task-
irrelevant object in the visualdld, even when this object@peas quite
distant fom the taget. Hovever, the dda thda we have reported thus
far do not dehe the boundgr conditions ér this cgture efect on
attention and e mosements.

Previous studies of teentional cature hae reported tha the
appeaance of a ng object does not ihience perdrmance vhen
obsevers hae a suficient amount of time toteend to the lod#on of
a taget piior to the ppeaance of the ne object. For example Yantis
and dnides (1990; see al§dheeuves,1991) bund tha as long as g
cental arow cue indicgéed the position of a tget & least 200 ms
before the apeaance of an onset elsher in the visualiéld, the
onset had no ifiience on the time it took subjects to identify the t
get letter

In the pesent stug we examined vhether pecuing the locdon of
the colorsingleton taget would eliminde or educe the infience of
the task-irelevant onset on pesfmance andye moements. Gien
the pevious literature, which sugested thaattention is often shifted
to an aea of inteest in adance of an y mo/ement (Deubel &
Schneider 1996; Hofman & Subamaniam1995),it was our gpec
tation tha providing subjects with stitient time to &end to the loca
tion of the subsequent gt and to psgram a @al-directed ge
movement to this lodéoon would predude the misdigction of the ges
to the task-irelevant object.

(c),
Method

The stinuli and pocedues were equvalent to those of Expienent

the position of the e object.

VOL. 9,NO. 5,SEPTEMBER 1998

1 with the bllowing exceptions.A centrlly located arow cue which

381



PSYCHOLOGICAL SCIENCE

Capture of the Egs ty New Objects

A control (no new object) B new object appearing at 30 degrees from the target
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Fig. 3. Effect of the ppeaance of a n@ but task-irelevant object on the scantpaof the ge in Expeiment 1. Shwn hee is the maxinam
angle deiation of the ge from a linear pin between theikation and the tayet object (in dgrees of angle; posité values indicte tha the ge
moved in the diection of the n& object,and neative values indicte thd the g7e went in the opposite diction).The panels shw results ér
the contol condition (a) anddr onset conditions in lich a nev object ppeaed a 30° from the taget (b),at 90° from the taget (c),and &

pointed to the lod&on of the subsequent colsingleton taget, was
presented on the displaeither 400500, 0r 600 ms gor to the color
change, which defned the loction of the taget. Stinulus onset asyn
chrony (SQA) was \aried to discouage anticip#ory saccades. Ehc
SQA was used on one thiof the trals, and tials with diferent SG\s
were randomy presented within locks. The subjects ere instucted
that they should use the cue to shift theftemtion to the cued dle
and to pepare to male an ge mozement to this lod#on as soon as th
circle stimuli changed color Subjects wre cautioned gainst making
anticipdory saccades to the cued objélaials on which anticipaory
saccades occiad were discaded pior to the analsis of the ge
movement dea.

In the pesent gpeiment, onset distactos were pesented ©90°
and 150° of ar sparation from the taget. The 30° spartion was not

382

150° from the taget (d). Sample pointseve talen ony from the frst saccade on dadrial.

used because itag dificult to distinguish initial saccades to the on
from initial saccades to the get with sud a dose seartion. Fnal-

ly, we adled an gtra circle on the contl trials in this stugl. This cir

cle gppeaed sinultaneoust with the est of the distctor cicles d the
beginning of eab trial and underent the same colorheang from

gray to red when thg did. It was induded to equie the mmber of
stimuli in the displg on the onset and cootrtrials. The etra circle

e was pesented taeither 90° or 150° of arsearation, as on the onse
trials.

Seven subjects pécipated in two expelimental sessions. EAces
sion induded 72 pactice trals and 288 pelimental tials. Gven tha
none of the pedrmance or ye morement efects difered acoss the
two expeiimental sessiong)l reported anayses vere collgpsed aass

set

t

sessions.
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Fig. 4. Fixation dustions after theifst saccadeotr those saccade
tha went in the diection of the n& object in Expement 1.The
results displged hee ae from the conditions in fich the nev object
appeaed a 90° and 150° fsm the taget and the ye stated to mae
in the diection of the n& object.

Results and Discussion

The main question adessed in this stydwas whether cuing the
location of the colorsingleton taget would eliminde the infuence of
the task-irelevant distactor on taget identifcation and ge moe-
ments. Because ttemere no signiicant diferences beteen esults
for the thee S@s, these esults vere combined dr the analses
reported hee. Figure 5 summazes the dect of the ppeaance of the
new but task-irelevant object on the scantpeof the ges.The maxi
mum angular déation of the ges flom a linear pén between fxation
and the taget object vas calculeed and collpsed aarss the 7
obsevers.

As can be seen in thigfire, the distibution of tials is quite simi
lar regardless of vihether an onset disittor was pesent (bottom te
panels) or bsent (top tw panels)These d&a sugest tha onset dis
tractoss have little influence on the #jectoy of eye mavements vaen
subjects a ale to shift their &ention to the tayet locdion in
advance of the ppeaance of the onseThis obsevation was quanti
fied by calculding the umber of tials on which the ges initially
went in the diection of the onset (onsetdis) or adlitional circle
(contmol trials) and submitting thesetdao a tvo-way anaysis of \ari-
ance with taget-distactor spamtion (90° vs. 150°) and conditio
(onset vs. condl trials) as &ctos. Neither the main f&fcts nor the|
interaction was stéstically significant (s > .40).The average propor
tion of onset tials on which the ges initialy went tavard the onset
circle was 2.3%; in compé&on,on 1.7% of the contt trials, the g/es
initially went tavard the nononset dfe tha appeaed d& a compaa-
ble spdial position.

An anaysis of the R daa presents a similar pictarThe RI's on
the onset and comfrtrials, collapsed aarss the thee S@\s, were 617
and 607 msrespectiely. These Hs were not signiicantly different
(p>.30).

In summay, the esults of the @sent stug estdlish an impotant
bounday condition on the téentional and oculomotor pture efects
obseved in Expeiment 1. Cature efects ly the gppeaance of a task
irrelevant onset can bevercome vihen obserers have suficient time
to dtend and pigram an ge mo/ement to the lodan of a subse

GENERAL DISCUSSION

The gal of the obsefers in our task &s to mak a saccadeward
the colorsingleton taget. In oder to eecute suk a saccadettention
first needs to be shifted to the looa of the color singleton (Deube
& Schneider1996; Kowler et al.,1995). Futhemore, we assume thal
the shift of &ention to the lodion initiated the pogramming of a sac
cade to thetéended loction (eg., Deubel & Stineider 1996; Mori-
son,1984)3 In Expeiment 1,simultaneous} with the peparation of
a goal-directed saccade to the color singletamev object ppeaed
in the displg, causing #ention to beeflexively drawn to the loction
of the nev object.We assume thiahe eflexive shift of dtention to the
new object also initited the pogramming of a saccadéut to the
location of the n& object. In &ct,the lesults sugest thathere is par
allel programming of tvo saccadegne to the singleton tget and one|
5 to the nev onset object. Deending on Wich eye moement pogram
is ready first, the ges will stat moving in the diection of the onset o
in the diection of the color singleton. If thges star moving in the
direction of the onsetas soon as the @gram for a saccade to th
color-singleton taget is eady, inhibition of the eflexive saccade nya
occur causing the yes to stop someher along the #jectoy
between the initial centendation point and the onset. Because the
movement pogram tavard the colossingleton taget has been pr
pared after the ges stop dr a bref petiod of time they will move to
the color singletoA.This intepretaion is in line with the gry shot
fixation dustions tha we found after theifst saccade (seéd-4). In
fact,the majoity of the ixations were too sharto allov the pogram-
ming of a completgl new eye mavrementwhich typically takes 150 to
200 ms (&g., Bedker, 1991; Rndlay, 1997; Salthouse & Ellis| 980).

Overall, these esults sugest paallel programming of two sae
cades (see also MeBk, Skavenski,& Nakayama,1996):one olun-
tary, goal-directed ge mavement tavard the colossingleton taget and
one stinulus-diven e mavement eflexively elicited ly the gpear
ance of the ne object.The paallel programming of tvo saccades hal
been eported bebre in reading (Hendeon & Ferreira, 1990; Mori-
son,1984; Reitle, Pollatsek,Fisher & Rayner, 1998):A reader mg
fixate a paticular word for a \ery brief pefiod and immeditely move
on to the net word. Parallel programming of tvo saccades has alg
been eported in the doule-stg paadigm (Beker & Jurgens,1979),
in which the position of a tget changes just pior to a saccade

Interestingl, shifting dtention to the lodéon of the taget in
advance of the gpeaance of the taskiielevant onset déctively elim-
n inated the misdiection of the ges to the onset and the perhance dis
ruption obsered in Expeiment 1.Within the theoetical framevork
just desdbed, the elimindion of the efiect of the onset auld likely
have resulted fom the tempal adrantage piovided to the pogram-
ming of the gal-directed saccadeylithe locdion precue However, it
is also conceible tha performance andye mosements (to the tget)

3. We ae not sugesting thathe eecution of the saccade necesgyafol-
lowed saccade pgramming only tha the allocéion of &tention initized sae
cade pogramming (Hofman,in press; Klein & Pnteftact,1994). Indeedon
those tials on vhich the peparmtion of the gal-directed saccadeas com
pleted frst, the eflexive saccade to the onseasvpepared hut not executed

4. On may trials on which the ges initialy moved tavard the onsetthey
did not ead its locdion. Indeed on average, the saccadesward the onset
traversed ony 70% of the distance beéen fxation and the onset bae stop
ping for a bref peiod of time and then nwing to the loction of the color

quent taget stinulus.

VOL. 9,NO. 5,SEPTEMBER 1998
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A contro!, additional distractor at 90 degrees
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Fig. 5. Effect of the ppeaance of a n& but task-irelevant object on the scantpaof the ge in Expeiment 2. Shwn hee is the maxiram
angle deiation of the ge from a linear pth between theikation and the tayet object (in dgrees of angle; posit values indicte tha the ge
moved in the diection of the ne& object,and negative values indicte thd the ge went in the opposite diction).The panels @ph e/e posi
tion daa in the conwl condition (i.e, on nononset ials) when the gtra circle gopeaed 90° (a) and 150° (b)dm the colorsingleton taget
and in the onset conditionhen the onset distctor gpeaed 90° (¢) and 150° (d)dm the colossingleton taget. Sample points @re talen

only from the frst saccade on dadrial.

might hare benefed from an actie inhibition of the disactor loca
tions when the taget locdion was pecued The deteminaion of
whether one or the other or both of thesepsses pride the most gt
account of the da will need to wait further leseath.

It has been suggsted thadifferent neuoandomic stuctures ae
responsile for woluntay (goal-directed) and eflexive (stinulus-
driven) saccades (LaBg, 1995; Maunsell1995; Sball, 1995). In
line with our d¢aims regarding the paallel programming of tvo sae
cadesthere is eidence thathere ae two paallel pahways involved
in the genestion of saccadeghe subcdical pahway depending on
the supepr colliculus and the ctical pahway depending on the
frontal ge fields, supplementar eye fields, and dosolaeral pre-
frontal cotex (Pierot-Deseilligry, Rivaud Gaymard, Muri, & Vem-
ersch, 1995; Saall, 1995). Pesumaly, the supdor colliculus is
involved in poducing the eflexive mosementswhereas the fontal
circuit is involved in the gal-directed ge mosements. In ater to
inhibit reflexive saccadegshe supepr colliculus leceves inhibition
through the substantia mig from the fontal g/e fields. Resea@h has

shavn tha monkeys can still poduce &st saccades to m$hed taget
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after lesions of the éntal ge fields,but not after lesions of the sup
rior colliculus (Sailler, Sandell,& Maunsell, 1987). Also, patients
with frontal lobe lesions ha difficulty producing gal-directed sac
cades in the daction opposite to theof a flashed taget (Guitton,
Buchtel, & Douglas, 1985; Pierot-Deseilligry et al.,1995; Rvaud
Muri, Gaymard, Vemersch, & Pierot-Deseilligry, 1994).

In the pesent gpeiments,both pahways were likely actve in
parllel in genegting saccadesiVhen no n& object vas pesented
(control condition),the frontal contol circuit was irvolved in genegt-
ing a \luntay, goal-directed saccadeward the colofrsingleton tar
get (Deubel,1995; Sball & Hanes,1993). Havever, when a ne
object @peaed in the visualiéld and #&ention had not @viously
been shifted to the tg&t locdion, attention was eflexively drawn to
the locdion of the n& object. Through the supér colliculus, a
reflexive oiienting saccade as made ward the loction of the nev
object. Een though the me object vas neer relevant for the task,
cortical inhibition from the fontal ge fields did not alvays pevent
the execution of the eflexive saccadecausing the yes to starmov-
ing in the diection of the n& object.After inhibition though the
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cortical pahways, the g/es stopped kefly and an aditional saccade
toward the colorsingleton taget was initided® Because neons in

the frontal contol circuit registeing the colossingleton taget were

alread/ actve (HanesThompsong& Schall, 1995),the theshold or

genesting a saccade as eaded quikly, producing the shaffixation

durations bebre the aditional saccade to the tgmt.

Our results indicte tha in everyday life, paticular esents or
objects mg cadch a pesons g/es @en when thg run counter to the
persons intentionsWhen a ne object @peas in the scenet can
interupt onging goal-directed ge mo/ement behdor and elicit an
eye morement to its lod#gon. Sud a mebanism is ecolgically ben
eficial because e objects a& potentialy important to the gganism.
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