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Abstract—Although visual motion may seem salient, motion per attention; e.g., Oonk & Abrams, 1998; Yantis & Hillstrom, 1994; Yan-

does not automatically attract attention. We show here, however| the& Jonides, 1984).
the onset of motion does indeed attract attention. In three experimentsyet although motion per se does not attract attention, we prq
subjects identified target letters in displays that contained targetg ahdt theonsetof motion does attract attention, and in the present
distractors. There was no advantage for moving letters among stalie we present evidence in support of that possibility. Indeed, thg
ones, but there was an advantage for objects that had recently stagiedady some reason to suspect that motion onsets might be esp
to move despite the fact that the motion was uninformative. If sam¢iceable. For example, motion onset may play an important rg
additional time was allowed to elapse after motion onset, inhibitigntbe categorization of objects as being animate as opposed to
return slowed responding to the item that had started to move—a faate. Such categorization is thought to be important in the detg
ther sign that the motion onset had captured attention. Finally, dete€prey and predators, and is thought by some researchers to rel
tion of target letters was found to be independent of the numberedétively low-level processing of motion cues in a scene (as opg
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distractors in the display if the target had undergone motion onstetbeing driven by some higher cognitive processes; Scholl & Tremou-

also indicative of attentional capture. We discuss the adaptive sigr#i; 2000). Objects that accelerate, such as those that have just
cance of sensitivity to onsets in the presence of a relative insensgititdtynove, are more likely to be seen as animate than objects th
to ongoing motion. dergo a deceleration (Tremoulet & Feldman, 2000). Thus, sensi
to motion onsets (but not necessarily to decelerative or constant-

The 19th-century physiologist and philosopher William James W'Qé motion) may help an anlma_ll detect the other animals thaf
rby—a useful attribute of a visual system.

probably not the first to state what must have seemed a truism: ﬂ%i]

“moving things” will attract attention (James, 1890/1950). Yet more r;l_ozrleéperlmednts, sutbjects _Sfarcfhg_(:f for tf‘,:get Iettfe rs Itr'] dis
than 100 years later, although much has been learned about the e=x'§u\|'g-lc eliers underwent a variely ot drrerent types ot motion.
ature of the motion did not help predict the location or identity of

ite sensitivity of the human brain to motion (for reviews, see Anger . . . .
Y ( ’ et—but the subjects’ reaction times indicate the types of m

sen, 1997; Sekuler, Watamaniuk, & Blake, 2002), it has yet t that were more or less effective at attracting attention. We foung
shown that motion will attract attention reflexively. Indeed, moui W V! Ing on. u

objectsseemsalient, and motion can be willfully selected as a to+{b irgets are most easily detected in objects that have recently sta

attended dimension in a scene (Hillstrom & Yantis, 1994; McLeodove: compared with objects that are not moving or that have

Driver, Dienes, & Crisp, 1991; Yantis & Egeth, 1999). But mot 0ﬂ10Vlng continuously for some time.

does not attract attention if the motion serves no purpose in the sub-

ject's task: A moving object might be no more noticeable than a sjngle EXPERIMENTS 1A AND 1B

red object among objects of many colotk. however, motion of arn

object causes a regrouping, or new interpretation of a scene, s ﬁE‘é
, 1l

when one member of a set of aligned elements moves out of line tars. The four items in each display began the trial as placeholder
the newly appearing element will indeed capture attention (Hillstr A play beg . P
ater changed to letters. Each underwent a different type of ma

& Yantis, 1994). In this case, it may not be the motion that captures . - : : o )
tention, but rather the sudden appearance of a new object in the|s é]neeItem was alvyays n motion from the t.|me |t.f|rst appeared,
(if a new object appears through some other means, it too will ¢ pfueng] never movgd, one item bggan the trla! |nlmot|on but t.hen sto
and finally, one item was static at the beginning of the trial but b
to move during the tridlThe location at which the target could app
was uncorrelated with motion type. We measured the latency né
to correctly identify the target letter for each of the types of motio
Address correspondence to Richard A. Abrams, Department of Psychol-
ogy, Washington University, St. Louis, MO 63130; e-mail: rabrams@artsci. Method
wustl.edu.
1. It is important to distinguish between the salience of an object, such as aSubjects

O

Ig our first experiment, subjects were asked to identify the ta
%r present in a display that contained one target and three d

the singleton coincides with the target only by chance. The true test of atten-
tional capture occurs in the latter case. In particular, attention can be said to be
captured in a stimulus-driven, bottom-up manner only if a target that coincides
with the singleton is detected efficiently even under conditions in which the 2. It is the inclusion of this last type of motion that distinguishes the pre
target and singleton are uncorrelated. It is this latter test that we condugteexperiment from those that have been conducted previously by other res
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the present study, for elements that underwent motion onsets. ers (e.g., Hillstrom & Yantis, 1994).
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3200 ms

Experiment 1A

3200 ms

Experiment 1B

one moving placeholder stopped moving and a

Apparatus and procedure

Subjects were seated in front of a computer monitor in a dim
room. The sequence of events on each trial is shown in Figure 1,
trial began with a fixation display that contained a central dot and
placeholder stimuli. Each placeholder was a figure eight that
high and 1 wide. The placeholders were randomly distributed wit
an imaginary 18square centered on the central dot, with the foll
ing constraints: None of the placeholders were aligned either

within 1° of another placeholder or the central dot. When the dis
initially appeared, two of the placeholders were moving along a
circular path (2diameter), and the other two were statioddfption

continued for 3,200 ms, at which time a movement transition
curred, producing four different motion conditions: One of the mo
placeholders stopped moving (motion offset); one of the previg
static placeholders began moving (motion onset); one static f
holder remained stationary (static); and one moving placeholder
tinued moving (continuous motion).

Fig. 1. Sequence of events on a trial in Experiment 1a (left) and Experiment 1b (right). Four figure-eight
placeholders, two of them moving, were visible for 3,200 ms prior to a movement transition, at which point

placeholders then changed immediately into letters to be searched. In Experiment 1b, a 900-ms delay was
imposed prior to presentation of the search items. The subject’s task was to identify the target letter present
(either arSor anH). The location of the target was uncorrelated with the motion of the elements. Arrows in-
dicate elements in motion and were not visible on the display.

cally or horizontally with each other, and no placeholder appeajss]

static placeholder began to move. In Experiment la, the

It is important to note that the placeholders were visible for se
seconds prior to the movement transition. In this way, the transie
Y dbciated with the motion onset was separated in time from that a
ER6B with the appearance of the objects themselves. Indeed, it ha
fQHbwn that visual evoked potentials to motion onset are attenua
9‘?th?e onset occurs within 300 ms of the appearance of the display (
h'éhte, Valdes-Sosa, Ramirez, & Bobes, 1999).
JW'_ In Experiment 1a, the movement transition coincided with the
&bntation of the search array. At that time, elements of each [
ak8lder were removed to reveal letters. One of the placeholders bg
P'ﬁ‘u\é letterSor H, representing the target stimulus. All remaining pla
ligfiders were replaced by distractor letters (eitheEslbr all Us).
Subjects were instructed to respond to the target's identity as qy
s possible by pressing one of two keys (i.e., “z” or “/”) on the |
IMdard. All four types of motion were present on every trial, but
Uglhvenience we refer to a given motion condition to mean the tria
laghich the target appeared in the object that underwent that sort g
oM. For example, bynotion-onset conditigrwe mean those trials i

3. Movement began (or ended) with each placeholder in the lowest po
position along its path. The motion was accomplished by displaying
placeholder (and subsequently, any moving letters in the search array)
ms at each of 16 evenly spaced positions along its movement path. Wh
moving placeholders first appeared, one was moving in a clockwise dire

ssibled. This reduction in evoked potential magnitude shortly after display d
eanhy explain why previous researchers have not detected attentional capt
om@Tion onset. For example, in Hillstrom and Yantis's (1994) Experiment 1
ermtbeing object was in motion at the time the search array initially appe
Ctibhys, the onset of the search array may have attenuated any response {
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and the other was moving counterclockwise.
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tion onset that occurred around the same time.
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which the target happened to appear in the object that had exper
motion onset.

Experiment 1b was identical to Experiment 1a with one importe

exception: A 900-ms delay was inserted after the movement tran
but before presentation of the search array (see Fig. 1). If any

events that occurred at the movement transition captured attentig

stimulus-driven manner, then in Experiment 1b subjects would b

pected to bslowerto detect targets at the captured location than &

other locations. Such a slowing is referred tanagbition of return

(Posner & Cohen, 1984). The explanation of the phenomenon |i

follows. A transient event may capture attention and produce a b
at the captured location for a brief time. However, if subjects be
that the transient is uninformative with respect to the upcoming t
location, they will remove their attention from the location of the t
sient and return to a diffuse attentional state. The removal of atte
is believed to leave in its wake inhibition, which slows respondin
events at the location in question. Inhibition of return has been
served to occur as early as 300 ms after the cue, although typic3
target delays are about 900 ms, as in Experiment 1b.

In both experiments, the search array remained visible unti
subject responded. If a subject responded incorrectly, a brief ton
lowed by the message “Wrong Response” was presented. A ton
the message “Too Early” or “Too Slow” was presented if a subjeq
sponded less than 300 ms after array onset or failed to respond
3,000 ms, respectively. After each block, subjects were informe
their mean reaction time and number of errors.

Design

Following 24 practice trials, subjects served in 288 experime
trials. Trial presentation was balanced such that the target was e
likely to appear in each of the four different types of objects, the
tractor letters were equally likely to Beor U, and the target letter w3
equally likely to beS or H. The target-to-response key mapping W
counterbalanced across subjects. Trial types were randomly mixe
intervals of 48 trials, subjects were given the opportunity to ta
break.

Results and Discussion

Mean reaction times for each type of motion are shown in Figu
separately for Experiments la (no delay after movement trans
and 1b (900-ms delay after movement transition). An overall ang
of variance across both experiments revealed no main effect of nj
ment conditionF(3, 60)= 2.3, n.s., but a reliable interaction betwg
movement condition and experimeR(3, 60)= 13.1,p < .001. Indi-
vidual analyses confirmed the details of the interaction. In Experi
1a, subjects were fastest to identify the target when it appeared
object that had just started to move (i.e., in the motion-onset ¢
tion), F(3, 27)= 10.8,p < .001. Post hottests confirmed that laten
cies in the motion-onset condition were faster than those in the
condition,t(9) = 5.8,p < .001; continuous-motion conditiot{9) =
4.6,p < .005; and motion-offset conditiot(9) = 3.0,p < .05. The
results show clearly that attention was captured by the onset o
tion, leading to speeded target identification when the target was
object that had started moving.

A very different pattern of results was observed in Experimen
As in Experiment la, there were significant differences in rea
times across conditionB(3, 33)= 4.8,p < .01, but in this case, rea
tion times were slowest, not fastest, in the motion-onset cond
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tion. In Experiment 1b, a 900-ms delay was inserted after the-n
ment transition but before appearance of the search letters.
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lysis

ndest hoc comparisons confirmed that reaction times were slower

emotion-onset condition than in the static conditighl) = 3.4,p <
.01; continuous-motion conditioi(11) = 2.5,p < .05; and motion-

meffset conditionf(11) = 2.3,p < .05. Recall that a 900-ms delay wj

inntreduced between the onset of motion and the conversion g

prdaceholders into letters in Experiment 1b. Such a delay is sufficie

-yield the inhibition-of-return effect (e.g., Abrams & Pratt, 2000; H

stadc & Cohen, 1984). The pattern of results suggests that motion
attracted the subjects’ attention, but because the onset was unin
tive with respect to target location, subjects withdrew their atter,
finom the motion-onset object. Their later attempt to return attenti

nttiee object while searching for the target was slowed because of
bition of return. Indeed, the presence of inhibition of return in Exy
Ihent 1b is consistent with our conclusion that the motion o

rtiattracted attention in a stimulus-driven manner because it has

c-shown that inhibition of return occurs only after exogenously attra

tiattention, not centrally directed attention (Posner & Cohen, 1984
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Error rates did not exceed 3.6% in any condition of either ex
ment, and did not depend on the motion conditig8, 27)< 1, n.s.,
in Experiment 1a anB(3, 33)= 1.4, n.s., in Experiment 1b.

It is worth noting one alternative interpretation of the presen
sults. Because we studied objects that differed from the backgrod
luminance, it is possible that the attentional capture we observe
due not to the onset of motion but instead to the onset of local
nance changes near the motion-onset object when it began to
Another experiment we have conducted (Christ & Abrams, 200
not open to this possibility because in that experiment the motion
sisted entirely of a field of randomly moving dots that suddenly b
to move coherently. The onset of coherent motion attracted atte
but the onset was not accompanied by an onset of luminance ¢
effectively ruling out the alternative explanation of the present rés

EXPERIMENT 2

bettirned into letters, as they had in Experiment la. Subjects we

structed to identify the target in the display as quickly as possible.

re. Design

ndion a given trial, the target was equally likely to appear in an
W@Splaceholder locations. When three items were present, the

UD&s the motion-onset item on 33% of the trials. When six items

MS¥&sent, the target was the motion-onset item on 17% of the

e in-

y of
target
were
rials.

2)(j‘f’twerwise, the experimental design was identical to that used in Ex-

CBBriment 1.
Bgan
htion,

h]ang??esults and Discussion

ults.

Mean reaction times for motion-onset and static targets are s
in Figure 3 for the two display sizes. Subjects were slower to d
targets in static objects overall, a result consistent with attentiona

The results of Experiments la and 1b suggest that attention was by the motion onsef(1, 9)= 42.6,p < .001. Subjects were als

captured by the motion-onset object, leading to enhanced target i
fication at a short delay between the onset and the appearance|
search array, and also leading to inhibition of return when the ¢
between motion onset and presentation of the search array was |
In Experiment 2, we conducted a different test of attentional cap
If attention is captured by motion onset, then motion onset should
to efficient search performance. That is, subjects should be al
identify a target in a motion-onset object equally fast regardless (¢
number of other elements in the display. This requirement reflec
load-insensitivity criterion of automaticity discussed by Yantis

Jonides (1990). Thus, in Experiment 2, we had subjects identify
gets like those in Experiment 1 in displays that contained either
or six elements.

Method
Subjects

Ten students drawn from the same population as studied €
participated. None had served previously.

Apparatus and procedure

This experiment was similar to Experiment 1a, with the follow
differences. The initial display included either three or six placeh
ers, all of which were initially stationary. Following a 3,200-ms de|
one of the placeholders began movimption-onsetondition) while
the other placeholders (either two or five) remained ststhti¢ con-
dition). Coincident with the onset of motion, all of the placehold

5. In this other experiment (Christ & Abrams, 2002), 10 subjects vie
four placeholders identical to those used in Experiment 1. The placeholdg
mained fixed throughout a trial. Each placeholder was superimposed ofi g
square patch of 75 dots that each moved one pixel in a randomly selec
rection during each video refresh (16.7 ms; dots that would exit the pat
stead disappeared and reappeared on the opposite side). At the app
time, the dots in one randomly chosen patch began to move in the same|
tion, and 150 ms later the placeholders were replaced by letters. Subject
43 ms faster to detect the target when it appeared on the dots with coherg
tion (25% of the trials) than when it appeared on the dots moving rand

defdiver overall when the display size was six than when it was t
oftheg) = 18.3,p < .005. However, the display-size effect was dri
legaptirely by the static targets, resulting in an interaction between
opiwy. size and motion conditiof(1, 9) = 9.8,p < .05. Additionalt
tuests confirmed that the 24-ms-per-item search slope in the stati
lelittbn was reliably greater than zet(®) = 6.3,p < .001, and the 5.4
vlgntdper-item slope in the motion-onset condition was t(@t,= 1.0,
fithe. These slopes are within the ranges generally thought to in
sithficient search (in the static condition) and efficient search (ir
andotion-onset condition; Wolfe, 1998).

tar-Error rates were less than 3% in all conditions and did not de
theeedisplay size or motion type, nor was there an intera&tigh, 9)<< 1.
The results from Experiment 2 provide support for the hypoth

hown
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that objects that have recently begun to move capture attention in a

bottom-up fashion. This conclusion is possible because the locat
the target was uncorrelated with the motion of the elements, ye
gets were found and identified rapidly when they happened to b
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motion-onset element. The speed of target detection did not depgnd oWhat is the potential utility of a visual system in which motion
display size when the target was the motion-onset elément. set captures attention? One possibility, mentioned earlier, is tha
tion onset is a cue that is indicative of object animacy. When ¢
survival may depend on the rapid detection of nearby predato
prey), detection of animacy may play a key role. Thus, if atten
We have shown that the onset of motion captures attention in a batre captured by events likely to indicate animacy, an important f
tom-up, stimulus-driven manner. This conclusion is based on findii@n would be served (a similar suggestion was made by Tipp
(a) an advantage for motion-onset elements in search despite theWeaver, 1998). Heightened sensitivity to motion onsets in parti
tion being uninformative (Experiment 1a), (b) a disadvantage for|nweuld have a number of advantages over a system that was n
tion-onset elements in search after a 900-ms delay (Experiment &bjsitive to movement in general. One such advantage, for exa
and (c) rapid detection of and the absence of a display-size effectwfould be a reduced frequency of false positives that might othe
motion-onset elements, also in a condition in which motion wag matl attention unnecessarily to the nearly continuous retinal m
correlated with target location (Experiment’ B)is important to em- caused by one’s own locomotion through the environment.
phasize that motion per se does not appear to attract attention, buthe present results may also bear on an understanding of the
rather it is theonsetof motion that is important. This conclusion |isareas responsible for processing movement information, and the
possible because motion onset and continuous motion were pittegberception and attention more generally. For example, se
against each other in Experiment 1 (and also in Experiment 2 andsthrces of evidence suggest that new objects will capture attent|
control experiment described in footnote 6), and because prigr matich the same way that we have shown here that motion onse
tempts to study capture by motion have not detected such captures attention (e.g., Oonk & Abrams, 1998; Yantis & Hillstra
(Hillstrom & Yantis, 1994; Yantis & Egeth, 1999). More recentlyl994). Thus, it may be that capture by new objects and capture b

GENERAL DISCUSSION

Franconeri and Simons (in press) reported capture by some ty,
motion. In their experiments, however, the search array was alwa
vealed shortly (150 ms) after motion onset, so their results cou
due entirely to capture by motion onset and not motion per se.

Our results may also represent the first demonstration of g
tional capture uncontaminated by top-down biases that can arise
an attentional set for the displaywide changes that signal the pre
of the search array (Gibson & Kelsey, 1998). In our experiment
attentional set for movement in general, for changes in moveme
for the offset of the camouflaging placeholder segments woulg
have favored the motion-onset item over the motion-offset or con
ous-movement items. Thus, the advantage of the motion-onset
may reflect a true bottom-up capture of attention.

6. We also conducted a control experiment identical to Experiment 2
with an element in continuous motion from the beginning of the trial instea
undergoing a motion onset. The 8 subjects were slower to detect targets
the display size was six compared with thrieg,, 7) = 19.0,p < .005, but
there was no effect of motion conditidf(1, 7)< 1, nor did the effect of mo
tion condition interact with display sizE(1, 7)< 1. These results effectivel
rule out the possibility that motion onsets in Experiment 2 captured atte
because of some unknown, perhaps accidental feature of the method.

were the case, then capture would also have been expected in the contraM¥ams, R.A., & Christ, S.E. (2002pnset but not offset of irrelevant motion disrupts

periment, but instead the control experiment showed a failure of contin
motion to capture attention, as has been reported by other investigators
Hillstrom & Yantis, 1994).

7. We can add to this list one additional source of evidence for attentiofialersen, R.A. (1997). Neural mechanisms of visual motion perception in prifetes

capture by motion onset. We recently found that inhibition of return will bg
duced if a sufficiently distracting stimulus is presented in the display shi
before presentation of the to-be-detected target (Abrams & Christ, 2002).
tinuous motion of an object was not distracting—it could be ignored and
no impact on the magnitude of inhibition of return. However, an objechéag
ganto move could not be ignored, even though subjects knew it would ha
bearing on their task. As a result, onsets of motion were distracting al
sulted in a decrease in inhibition of return. This finding shows that motiol
sets satisfy the intentionality criterion of automatic capture identified by Y:
and Jonides (1990). Specifically, the capture of attention by motion onse

efoafonset are both consequences of the operation of a single @
yprecessing system. That possibility is consistent with recent resu
dKmaurtzi, Bulthoff, Erb, and Grodd (2002). These researchers sh

ttéMT and MST), generally thought to be important for the percep
fofnmotion, are also involved in processing object features sug
sehe@e. Given the shared brain regions involved, it is not surprisin
5, r@aw objects and certain types of motion signals have similar effed
ntther attention system.

notWhatever the specific neuroanatomical substrate, a number
tinentially important functions could be facilitated by a visual sys
itbat is especially sensitive to the onset of motion, as we have shdg
be true of the human visual system. Thus, as is the case with so|
of his other insights, William James was at least partially correct
he stated that moving things attract attention. Perhaps if he werg
today he might instead suggest that “things that have just start
move” attract attention.
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