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The hypothesis that abrupt visual onsets capture attention automatically, as suggested by Yantis 
and Jonides (1984) was tested in four experiments. A centrally located cue directed attention to 
one of several stimulus positions in preparation for the identification of a target letter embedded 
in an army of distractor letters. In all experiments, one stimulus (either the target or one of the 
distractors) had an abrupt onset; the remaining letters did not. The effectiveness of the cue was 
manipulated (varying either its duration or its predictive validity) to test whether abrupt onsets 
capture attention even when subjects are in a highly focused attentional state. Results showed 
that onsets do not necessarily capture attention in violation of an observer's intentions. A 
mechanism for partially automatic attentional capture by abrupt onset is proposed, and the 
diagnosticity of the intentionality criterion for automaticity is discussed. 

Introspective and empirical evidence both suggest that the 

abrupt appearance of  an object in the visual field "draws 

attention." A plausible account of  this phenomenon is that 

there exists a mechanism that is tuned to abrupt onsets and 

that one of  its functions is to direct visual attention to the 

locus of an abrupt onset. This in turn could result in the 

efficient identification of information at that location. An- 

other way of stating the hypothesis is that abrupt onsets may 

capture visual attention automatically and cause the observer 

to process abrupt visual events with high priority. 

This hypothesis has two components.  The first is that there 

is a mechanism that detects abrupt onsets and signals the 

visual attention system to allocate attentional resources to 

events exhibiting abrupt onsets. The second is that the allo- 

cation of attention resulting from such a signal is automatic. 

We examine each of these components  in turn. The central 

thesis of this article is that although attention may be effi- 

ciently allocated to abrupt onset under some circumstances, 

this may not happen in a truly automatic fashion, as defined 

by widely held criteria. The implication of  this thesis is either 

that attentional capture by abrupt onset is not automatic or 

that one of  the commonly cited criteria for automaticity is 

not really diagnostic of automaticity. 
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A t t e n t i o n a l  C a p t u r e  by  A b r u p t  O n s e t  

The existence of  a mechanism that may subserve atten- 

tional capture by abrupt onset is supported by evidence from 

several sources (see Yantis & Jonides, 1984, for a more 

complete review). Electrophysiological (e.g., Cleland, Levick, 

& Sanderson, 1973; Lennie, 1980) and psychophysical (e.g., 

Breitmeyer & Ganz, 1976; Tolhurst, 1975) results have re- 

vealed visual mechanisms that are selectively sensitive to the 

abrupt onset and offset of  visual stimuli, relative to their 

sustained presence. However, although some investigators 

(e.g., Breitmeyer & Ganz, 1976) have speculated that channels 

sensitive to abrupt onset may subserve the allocation of visual 

attention, additional evidence is required to establish the 

functional relationship between these mechanisms and atten- 

tion allocation. 

Several kinds of evidence may be brought to bear on this 

functionality question. First, Todd and Van Gelder (1979) 

compared responses to stimuli that had abrupt onsets with 

responses to stimuli that did not. Rather than using gradual 

onsets as a control condition, as some other investigators had 

done, Todd and Van Gelder developed what they called the 

no-onset procedure. No-onset stimuli are presented by illu- 

minating the stimuli in advance of  the target display but 

camouflaging them with irrelevant line segments; the cam- 

ouflaging segments are then removed, which reveals the no- 

onset stimuli. Thus, the stimulus contours themselves are 

present before the stimulus is presented, and no localized 

abrupt onset accompanies their appearance (see Figures 1 and 

3 for examples). The no-onset procedure is preferable to the 

use of  gradual onset in reaction time experiments, because it 

permits one to anchor the appearance of  stimuli precisely in 

time, as required for meaningful reaction time measurements. 

This is not possible with gradual-onset stimuli, or at least it is 

not possible without additional, complicating assumptions 

about detection and identification processes. 

Todd and Van Gelder (1979) found that onset stimuli were 

detected more rapidly than were no-onset stimuli in tasks 

requiring rapid eye movement  responses. The magnitude of 

the advantage for onset stimuli increased with the complexity 
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of the decision that was required (from detection to categori- 

zation). Krumhansl  (1982) reported data that confirmed and 

extended this result. 

One account of  these findings, advanced by Yantis and 

Jonides (1984), holds that abrupt onset captures attention 

automatically, which results in more favorable performance 

for onset versus no-onset stimuli. This hypothesis was sup- 

ported by the results of a visual search experiment in which a 

prespecified target letter was to be detected in an array of two 

or four items. (Jonides and Yantis, 1988, replicated the results 

with display sizes of three, five, and seven stimuli, verifying 

the linearity of the display-size functions.) Every search dis- 

play contained one onset stimulus and one or more no-onset 

stimuli. When the target was present (as it was on half of  all 

trials), it was either an onset or a no-onset stimulus. 

The critical measurements in this experiment concerned 

the effect of  display size on reaction time as a function of  

whether the target was an onset or a no-onset stimulus. 

Standard visual search experiments yield linearly increasing 

reaction time functions of  display size. When target-present 

functions have slopes that are roughly half those of  target- 

absent functions, the increase is usually interpreted as reflect- 

ing a serial, self-terminating search of  the display.~ Flat dis- 

play-size functions obtained under other conditions (e.g., 

Egeth, Jonides, & Wall, 1972; Schneider & Shiffrin, 1977; 

Treisman & Gelade, 1980) typically are thought to reflect 

parallel visual search. Yantis and Jonides (1984) reasoned 

that if onsets capture attention automatically, this should be 

reflected in the slopes of  the display-size functions: Reaction 

time should not increase with display size for onset targets, 

but it should increase in the usual serial, self-terminating 

fashion when the target is not an onset item. 

The results were consistent with this hypothesis. Onset 

targets were evidently processed first regardless of their iden- 

tity or position, and the data were quite well fit by a model 

in which the remaining stimuli were then scanned in a serial, 

self-terminating search. That attentional capture was auto- 

matic in this task was supported by the finding that reaction 

time did not increase with display size when the target had 

an abrupt onset while there was a significant slope when the 

target was of the no-onset type. As predicted by the self- 

terminating search model, the slope of  the display-size func- 

tion when the target was a no-onset stimulus was about half 

that of  the function when the target was absent. The capture 

model provided a superior quantitative fit to the data than 

did several competing models. 

Although Yantis and Jonides (1984) attributed capture by 

abrupt onset to properties of  the visual system that are differ- 

entially sensitive to abrupt onset, it was nevertheless possible 

that the mere presence of  a unique stimulus feature was the 

cause of attentional capture. According to this argument, any 

sufficiently salient and unique stimulus feature could yield 

the same result. Recently, Jonides and Yantis (1988) tested 

this idea by comparing the attention-capturing ability of ab- 

rupt onset with two other salient stimulus properties: color 

and intensity. In these experiments, the ability of an odd item 

(unique in either color or intensity) to capture attention was 

compared with the corresponding ability of an onset item. 

Only abrupt stimulus onset yielded the pattern of  results 

characteristic of  attentional capture. The results were incon- 

sistent with the uniqueness account. Instead, it appears that 

abrupt onset has a privileged status in capturing attention. 

The evidence reviewed in this section suggests that abrupt 

onsets draw attention and result in rapid identification of  

onset stimuli compared with no-onset stimuli. That atten- 

tional capture by abrupt onset may be automatic is supported 

by satisfaction of  a load criterion for automaticity. In the next 

section, we examine more closely some of  the criteria com- 

monly applied to diagnose automaticity in visual search proc- 

esses. 

Cr i te r ia  for  A u t o m a t i c i t y  

Treatments of  automatic information processing typically 

identify two properties that consistently accompany what are 

thought to be automatic processes (e.g., Hasher & Zacks, 

1979; Logan, 1978; Posner & Snyder, 1975; Regan, 1981; 

Schneider & Fisk, 1982; Schneider & Shiffrin, 1977). Only if 

both of  these criteria are satisfied is a process said to exhibit 

strong automaticity. The first criterion is insensitivity to con- 

current perceptual or cognitive load: An automatic process is 

not hindered when concurrent information load is increased 

(we refer to this as the load-insensitivity criterion). The second 

criterion is that an automatic process is not subject to volun- 

tary control: Attempts by a subject to prevent an automatic 

process from proceeding are not successful. We refer to this 

as the intentionality criterion (see Jonides, Naveh-Benjamin, 

& Palmer, 1985; Palmer & Jonides, 1988, for further discus- 

sion of  these criteria). 

Kahneman and Treisman (1984) defined three levels of 

automaticity in perception. A process is strongly automatic if 

it is not facilitated by focusing attention on a stimulus and 

not inhibited by focusing attention away from it. Thus a 

strongly automatic process satisfies both the load insensitivity 

criterion and the intentionality criterion. If either of  these 

criteria is at least sometimes violated, a process is said to be 

partially or occasionally automatic (or, of  course, not auto- 

matic at all). The Stroop effect is an example of a process 

(word recognition) that is normally completed even when 

attention is diverted from the stimulus b u t c a n  be facilitated 

by allocating attention to it; word recognition is therefore a 

partially automatic process, according to Kahneman and 

Treisman. As discussed later, because the load-insensitivity 

and intentionality criteria are not inseparable, these shades of 

meaning influence the conclusions that are justified by our 

data. 

As we stated above, in our previous work we speculated 

that abrupt onset may capture attention automatically. How- 

ever, although we have found supporting evidence for the 

1 There are exceptions and complications associated with the inter- 
pretation of linear display-size functions in visual search (see, e.g., 
Townsend & Ashby, 1983). These complications do not materially 
affect our argument and are therefore beyond the scope of the present 
discussion. We refer to linearly increasing display-size functions with 
2:1 (negative:positive) slope ratios as reflecting serial, self-terminating 
search, with the understanding that such an interpretation is not the 
only one possible. 
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load-insensitivity criterion, converging evidence for strong 

automaticity has not yet been obtained for the intentionality 

criterion. In the experiments reported below, we tested the 

intentionality criterion to determine whether attentional cap- 

ture by abrupt onset may be characterized as strongly auto- 

matic. 

A related effort was reported by Jonides (1981), who ex- 

amined the extent to which a peripheral visual cue elicits an 

automatic shift of  attention to the spatial location it indicates. 

He tested three criteria for automaticity and compared pe- 

ripheral and central cues under each criterion. He found that 

cues appearing in the peripheral visual field capture attention 

automatically according to all three tested criteria. In partic- 

ular, Jonides ( 198 l) found in his Experiment 1 that peripheral 

cues produced attentional benefits regardless of  whether a 

concurrent memory load was imposed on the subject whereas 

the effectiveness of  a central cue was severaly attenuated under 

a concurrent memory load. This satisfied the load-insensitiv- 

ity criterion. In his Experiment 2, Jonides discovered that 

even when peripheral cues were randomly associated with a 

visual search target and subjects were told to ignore the cues, 

reaction time was significantly faster when the cue was valid 

than when it was not. In contrast, subjects were able to ignore 

central cues that were only randomly related to the target 

position. A third experiment verified this resistance to sub- 

jects'  intentions and expectancies evidenced by peripheral 

cues. Experiments 2 and 3 together provided evidence satis- 

fying the intentionality criterion for automaticity. In sum- 

mary, the results reported by Jonides (1981) are consistent 

with the hypothesis that peripheral visual events capture 

attention automatically. 

Posner and Cohen (1984) subsequently showed that with 

short intervals between the cue and target events, attention 

appears to be summoned to the cue, but  that at longer 

intervals there is a relative inhibition in detecting events at 

the cued location. Posner and Cohen argued that neither of  

these effects is under voluntary control, on the basis, in part, 

that the capture of  attention at short intervals occurred even 

when the cue was not predictive of the target location. 

Lambert,  Spencer, and Mohindra  (1987) examined this 

question further by providing explicit instructions to subjects 

to avoid attending to the cued location. They found that even 

under these instructions, subjects evidently could not com- 

pletely avoid a tendency to attend to an abrupt peripheral 

cue. However, instructions did significantly reduce the tend- 

ency to attend to such cues, compared with a no-instruction 

condition. These results undermine the notion that attention 

is unavoidably and inevitably summoned by a peripheral cue. 

In a recent study by Mfiller and Rabbitt  (1989), subjects 

were to attend to a location cued by a central arrow; at various 

moments  after the arrow appeared and before the target 

stimulus appeared, a box surrounding one of  the four possible 

target positions brightened briefly. The box brightening was 

not predictive of  target location and was to be ignored. M~iller 

and Rabbitt  found that performance was impaired when a 

box brightened at an uncued location, even when the cue 

correctly and predictably indicated the location of  the target. 

They concluded that attention was involuntarily captured to 

some extent even when attention was directed to the cued 

location, although the extent of the performance impairment  

was modulated by voluntary allocation. It is worth noting that 

Miiller and Rabbit  used long cue-to-target stimulus onset 

asynchronies (SOAs; 600-1200 ms) and cues of moderate 

validity (50%). Both of  these factors might have prevented 

optimal attentional focusing, thus permitting some degree of  

attentional capture by the irrelevant box brightenings. In fact, 

in the experiments we report below, this is exactly what 

appears to happen. 

In all of the studies we have reviewed in the preceding 

paragraphs, the effects of cues on capturing attention were 

examined. There was in all cases some period of t ime between 

the onset of  the summoning event (the cue) and the imperative 

event (the target). In the experiments reported here, attention 

was allocated in advance, and the imperative event itself either 

did or did not have an abrupt onset. So the present approach 

may allow more direct assessment of the influence of abrupt 

peripheral onset on the capture of attention. 

Another experiment that speaks to the intentionality crite- 

rion in a somewhat different domain was reported by Shiffrin 

and Schneider (1977, Experiment 4d). In this experiment 

subjects first underwent extensive training in a consistently 

mapped (CM) visual search task. CM training leads to auto- 

matic detection of  target stimuli, as reflected in flat memory- 

and display-size functions. In order to demonstrate that CM 

targets also satisfy the intentionality criterion, Shiffrin and 

Schneider transferred these highly trained subjects to a new 

varied mapping (VM) visual search task in which none of  the 

stimuli from the training task participated with the exception 

of  occasional "CM foils" (i.e., letters that had been targets in 

the previous CM task). Subjects were to attend to one diagonal 

of a four-element display and to ignore the other diagonal. 

CM foils sometimes appeared in the to-be-ignored diagonal. 

The data revealed significant visual search interference on 

trials in which a CM foil was present compared with trials in 

which one was not, a result suggesting that subjects could not 

suppress an automatic attention response to the foil. Of 

course, attentional capture by a CM target is fundamentally 

different from attentional capture by an abrupt onset. The 

former is learned, whereas the latter may or may not be 

learned (e.g., it could be "hard-wired"). Nevertheless, this 

experiment provides further evidence that there may be con- 

ditions under which certain stimuli capture attention in vio- 

lation of  an individual 's intentions. 

In the experiments reported below, we pursued this ques- 

tion by testing the intentionality criterion for the automaticity 

of  capture by abrupt-onset stimuli. According to this criterion, 

attention is said to be captured automatically only if capture 

cannot be prevented at will. In our earlier experiments (Yantis 

& Jonides, 1984), subjects were not attempting to attend to 

any particular location; instead, they were prepared for the 

target in any position (in what Eriksen & Yeh, 1985, called a 

diffuse attention mode). In the present experiments, in con- 

trast, we provided subjects with advance information about 

the likely position of an upcoming target, to induce focused 

attention at a cued spatial location. We then examined the 

effects of an abruptly onset stimulus appearing in the cued or 

in an uncued location. If  attention is captured automatically 

by an abrupt onset, reaction time to a target item should 
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reflect capture whether  a t tent ion was focused on it or not.  On 

the other  hand,  i f  subjects are able to focus a t tent ion  and  

prevent  an abrupt  onset  f rom disrupt ing per formance ,  the 

automat ic i ty  hypothesis  mus t  be reexamined.  

Experiment 1 

The purpose  of  Exper iment  1 was to de te rmine  whether  

there is any reason to believe that  abrupt  onsets  do not  satisfy 

the intent ional i ty  cri terion for automatici ty.  According to this 

criterion, the mere  presence o f  an abrupt  onset  in a display 

should capture a t tent ion regardless o f  the subject 's  voluntary 

allocation of  a t tent ion  induced  by an at tent ional  precue. 

Consequent ly ,  whe ther  the cue is valid or not  should  have 

little or no impac t  on pe r fo rmance  in the presence o f  abrupt  

s t imulus onset;  in all cases the onset  s t imulus  should  exhibit  

priority. 

On each trial o f  the task, a central  cue appeared,  indicat ing 

a posi t ion to the left or right o f  fixation. After 200 ms, a letter 

appeared in each posit ion.  Subjects were to de te rmine  whether  

an E or an H appeared  in the display (exactly one of  these 

letters appeared in each display, with an irrelevant letter 

appearing in the opposi te  position).  The cue was valid (i.e., 

indicated the posi t ion occupied by the target E or H) on 80% 

of  the trials. In this exper iment  we mon i to r ed  eye posi t ion to 

ensure that  covert  m o v e m e n t s  o f  a t tent ion,  and  not  overt  

m o v e m e n t s  o f  the eyes, were responsible for per formance .  

Method 

Subjects. Seventeen University of Michigan undergraduates were 

paid to participate in two 50-min sessions. All had uncorrected 

normal vision. 

Equipment and stimuli. Stimulus events were controlled and 

responses were collected by a PDP- l 1/60 computer. Stimuli appeared 

on a DEC VT- 11 graphics scope. Subjects responded by pressing keys 

on an HP-2621A terminal keyboard. Subjects sat in a sound-atten- 

uating booth under comfortable illumination. 

Eye position was monitored by a Gulf+ Western Model 200 scleral 

reflectance device. Eye movement data were collected via an analog- 

to-digital converter on the computer sampling at l kHz. Head posi- 

tion was maintained by a chin rest. The monitor was calibrated at 

the start of each block of trials and again whenever departures from 

fixation were detected on three trials since the last calibration run. A 

position criterion of +1.5" horizontally was established for defining 

eye movements. Trials on which an eve movement was detected were 

marked for identification in subsequ~ .it analyses; these trials were not 

rerun. 

The stimulus letters were constructed by illuminating five of the 

seven segments of a box figure eight. The letters so constructed were 

E, H, P, S, and U. Each letter subtended a visual angle of 1.9 ° in 

height and 1 ° in width from a viewing distance of 45 cm. The letters 

appeared 5.8 ° to the left and to the right of fixation. The vertical 

separation of the nearest contours of the stimuli was 0.5 ° . 

Two letter-presentation modes were used. Onset letters were pre- 

sented by illuminating a five-segment letter in a location that had 

previously contained no segments. No-onset letters were presented by 

removing two segments from a seven-segment box figure eight to 

reveal a previously camouflaged five-segment letter. In the former 

case, the letter segments appeared abruptly; in the latter, the camou- 

flaged letter segments were present for 1,200 ms before display onset 

and did not themselves change during the course of presentation. 2 

In order to equate the two presentation modes as much as possible, 

we began each trial with two placeholders on each side of the display. 

One of these was the required box figure eight, which would serve as 

camouflage for a no-onset letter (if one were to appear on that side 

of the display). The other placehoider consisted of six dots arranged 

at the vertices of a box figure eight. The two placeholders appeared 

one directly above the other, 0.5* apart at their nearest contours, two 

on the left and two on the right of the display. They were illuminated 

1,200 ms before the onset of the display. The relative positions (top 

or bottom) of the dot and figure eight placeholders were chosen 

randomly and independently for the two sides on each trial. At trial 

onset, one of the two placeholders on each side disappeared, and the 

other changed into a letter. On trials on which an onset letter appeared 

on a given side of the display, the figure eight placeholder disappeared, 

and the six dots changed into a letter. On trials on which a no-onset 

letter appeared on a given side of the display, the six-dot placehoider 

disappeared, and two segments of the figure eight were removed to 

reveal a letter. These events are illustrated in Figure 1. 

Design. A 2 x 2 x 2 design was used, the factors of which were 

target type (onset/no-onset), distractor type (onset/no-onset), and cue 

validity (valid/invalid). Target type and distractor type were com- 

pletely crossed factors, so that half of all trials involved onset targets 

and half no-onset targets; within each of these conditions, half of the 

distractors were onset and half no-onset. Thus 25% of the trials fell 

under each of the four combinations of target and distractor type. 

On 80% of the trials, the cue arrow indicated the side that the 

target (E or H) would occupy, and on the remaining 20% of the trials, 

the cue indicated the opposite side. The target appeared on each side 

about equally often. The target was E on half of the trials and H on 

the other half. Target location, target identity, distractor identity (the 

distractors came from among P, S, and U), and the relative positions 

of the letters (top or bottom) within a side were chosen randomly on 

each trial. The ordering of trial types determined by the three main 

factors was also random. Each session was divided into 10 blocks of 

40 trials each, for a total of 400 trials per session. Session 1 was 

considered practice. 

Procedure. Trial events are depicted in Figure 1. A fixation cross, 

along with the four placeholders, was first illuminated. After 1,000 

ms a single arrow appeared at fixation for 200 ms, pointing either to 

the left or the right. Subjects were told to maintain fixation on the 

center of the screen throughout the trial (the penalty for repeated 

failure being recalibration of the eye movement monitor, a mildly 

annoying event). Finally, the placehoiders were replaced by two 

letters, one on the left and one on the right, as described above. One 

of the two letters was the target to be discriminated (E or H), and the 

other was an irrelevant distractor (P, S, or U). Subjects determined 

which of the two targets was present and responded by pressing the 

period key ( . )  with their right index finger if the H appeared and the 

slash key ( / ) with their right middle finger if the E appeared. The 

display was then erased, and the next trial started 500 ms later. Error 

feedback was provided via an auditory beep. The duration of the 

cuing arrow was chosen so as to generate the maximum attentional 

facilitation typically observed in experiments of this type (e.g., Rem- 

ington & Pierce, 1984). 

At the end of each block of trials, a performance summary giving 

mean reaction time and total number of errors was displayed. Subjects 

were encouraged to respond quickly while maintaining a low error 

rate (i.e., no more than one or two errors in each block of 40 trials). 

2 Abrupt offset of the camouflaging contours was shown by Yantis 

and Jonides (1984, Experiment 3) to have no significant disruptive 

effect on attentional capture by abrupt onset; however, see Miller 

(1989). 
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Subjects were told that the target would be E half of the time and 

H half of the time and that it would appear on the left and the right 
sides equally often. They were further told that the cuing arrow would 

provide important preparatory information: The target would appear 
on the side indicated by the arrow 80% of the time. It was made clear 
that it would be to their advantage to attend to the indicated side 
while maintaining fixation, so as to increase their speed and accuracy. 

Subjects readily understood and indicated compliance with these 
instructions. 

Results 

The results o f  Exper iment  1 revealed that  abrupt  onset 

alone did not  de termine  the focus of  attention.  Instead, 

whether  the target was cued or  not  modula ted  the effect of  

abrupt  onset. This  conclusion is reflected in the results o f  a 

three-way analysis o f  variance (ANOVA), with target type (on- 

set/no-onset) ,  distractor type (onset /no-onset) ,  and cue valid- 

ity (valid/invalid) as factors. There  was a significant main  

effect o f  validity, F(1,  16) = 55.2, p < .001, and target type, 

F(1, 16) = 20.6, p < .001; the effect of  distractor type was not  

significant, F ( I ,  16) < 1. Most  important ,  there was a signif- 

icant interact ion between cue validity and target type, F ( l ,  

16) = 9.5, p < .01; the effect o f  target type was larger when 

the cue was invalid (25 + 12 ms) than when it was valid (8 -+ 

9 ms). 3 This  suggests that  when subjects a t tended to the target 

posit ion before its appearance,  it mat te red  little whether  the 

target had an abrupt  onset  but  when subjects were misled by 

the cue, a target with an abrupt  onset was more  rapidly 

identified than one  wi thout  an abrupt  onset. 

The  compar ison  afforded by the factorial analysis above is 

not  completely  i l luminating,  however,  because it includes the 

relatively un informat ive  condi t ions  in which the target and 

dis'Lractor were either both onset or  both  no-onset  stimuli.  It 

is more  revealing to analyze separately the subset of  the data 

in which the target was an onset  and the distractor a no-onset,  

or  vice versa (i.e., those trials on which exactly one onset  and 

one  no-onset  s t imulus appeared). An  analysis o f  variance was 

therefore conducted  with this subset o f  the data (shown in 

Figure 2). 

There was a significant main  effect o f  cue validity, F(1, 16) 

= 79.3, p < .001: React ion  t ime was much  faster with a valid 

than an invalid cue. There was also a significant effect of  
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Figure 2. Mean reaction time for the conditions of Experiment 1 

that involved one onset and one no-onset stimulus. (Curve parameter 
is target type. Error bars extend to _+ 1 SE.) 

target type, F ( I ,  16) = 32.5, p < .001: When  the target was 

an onset and the distractor was not, reaction t ime  was faster 

than when the distractor was an onset and the target was not. 

Finally, the interact ion between these two factors was signifi- 

cant, F(1, 16) = 8.2, p < .05. The  effect o f  target type was 

larger when the cue was invalid than when it was valid. This 

interaction is what  calls into quest ion the hypothesis that  

abrupt  onset always captures at tent ion involuntari ly.  

Error  rate in this exper iment  was 5.3% overall. There was 

a strong positive correlat ion between error rate and mean  

reaction t ime (.64), which indicates that there was no strong 

speed/accuracy trade-off. 

Discussion 

The results o f  Exper iment  1 provide prel iminary evidence 

that abrupt  onsets may  not  satisfy the intentionali ty criterion 

for strong automatici ty.  This  conclusion would  undermine  

our  earlier speculation (Yantis & Jonides,  1984) that abrupt  

onsets capture a t tent ion automatically.  

To  clarify this point,  we considered what  the very strongest 

version o f  the intentionali ty hypothesis would  state. I f  abrupt  

onset captured at tent ion regardless of  the voli t ional  state o f  

the subject (e.g., whether  or  not  the subject was focusing 

at tent ion on a specific location in space), then reaction t ime 

to identify a target with an abrupt  onset should not  vary at 

Figure 1. Trial events in Experiment 1. (In this example, the target 
is an E and the cue is valid; the target is an onset stimulus, and the 
distractor [S] is a no-onset stimulus. The relative positions of the 

figure eight and dot placeholders were varied from trial to trial with 
the constraint that there was always one of each on each side of 
fixation. Letters could appear in either the upper or the lower position 
on each side. The target could be either an E or an H.) 

3 Effect sizes are given throughout this article in terms of the mean 
+- SE, rounded to the nearest millisecond. Because all within-subjects 
comparisons in Experiments 2 and 3 involved groups of 10 subjects, 
there are 9 degrees of freedom for t tests using these values. Thus, 
whenever M/SE > 2.262, the effect is significant at the .05 level. 
Reported t values may vary from the ratios of the values given in the 
text because of rounding. 
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all with cue validity, and reaction time to onset targets should 

be faster everywhere than reaction time to no-onset targets. 

In other words, according to this account, the two functions 

in Figure 2 should be horizontal and parallel to one another, 

with the onset function below the no-onset function. It is 

clear that this pattern did not emerge. 

A slightly weaker version of the hypothesis would state that 

there might be a small delay associated with drawing attention 

from an attended location to an unattended onset stimulus, 

which would yield an effect of cue validity, but that subjects 

would always take the time to process the onset stimulus. 

According to this account, reaction time in the valid-cue 

condition should have been influenced a great deal by whether 

the target was an onset or not: On trials when the target was 

an onset, reaction time should have been fast; on trials when 

the distractor was an onset, subjects' attention should have 

been captured by the distractor in the uncued position, which 

would result in a substantial delay in responding. 

Indeed, the effect of target type in the valid-cue condition 

should have been at least as large as in the invalid-cue con- 

dition; in the invalid-cue condition, subjects would either be 

captured by the (uncued) onset target, which would yield a 

fast reaction time, or be required to process the (cued) onset 

distractor and then shift attention to the (uncued) target 

position. In other words, the effect of target type on the valid- 

cue trials should have been to add two shifts of attention and 

an analysis o fa  distractor to reaction time; the corresponding 

effect on the invalid-cue trials should have involved only one 

shift of attention and an analysis of the distractor. However, 

the data reveal that the effect of target type was significantly 

smaller on the valid- than on the invalid-cue trials. 

Together, these detailed predictions of various versions of 

the intentionality criterion are clearly violated by the results 

from Experiment 1 and lead us to question whether abrupt 

onsets satisfy that criterion for automaticity. 

The next task was to explore the boundaries of this violation 

of the intentionality criterion. In Experiments 2 and 3, re- 

spectively, we manipulated two factors that are thought to 

influence the allocation of attention: cue-target SOA and cue 

validity. This permitted us to determine whether the voluntary 

allocation of attention dominates capture by abrupt onset 

and, if so, to what extent. 

In Experiments 2 and 3, we also removed the six-dot 

placeholders that were used in Experiment 1. The six-dot 

placeholders were used to address a confounding in previous 

experiments: Onset stimuli always appeared in blank loca- 

tions, whereas no-onset stimuli appeared in nonblank loca- 

tions. The purpose of the placeholders was to show that the 

unavoidable attentional capture induced by abrupt onsets 

could not be attributed to the absence of some kind of object 

in the location subsequently occupied by the onset stimuli. If 

there is some small effect of this manipulation, it would serve 

to diminish the influence of abrupt onset in Experiment 1. 

We found in Experiment 1 that abrupt onsets did not capture 

attention regardless of intention; this shifted our a priori null 

hypothesis to one stating that abrupt onsets do not capture 

attention involuntarily. Consequently, in Experiments 2 and 

3 we did not use the six-dot placeholders in order to maximize 

the opportunity for attentional capture by abrupt onset. 

Expe r imen t  2 

In Experiment 2, subjects were required to determine which 

of two letters (E or H) was present in a display of four letters 

arranged at a subset of the vertices of an imaginary hexagon 

centered at fixation. On each trial a central arrowhead cue 

reliably indicated the location of the critical letter. The cue 

appeared 200 ms before, simultaneous with, or 200 ms after 

the onset of the display. Subjects are known to be capable of 

aligning attention with a spatial location that is likely to 

contain task-relevant information within 200 ms of receiving 

that information (e.g., Eriksen & St. James, 1986; Murphy & 

Eriksen, 1987; Posner, 1980; Posner, Cohen, & Rafal, 1982; 

Remington & Pierce, 1984). Thus the leading cue placed 

subjects in a state of maximal attentional readiness for the 

appearance of the critical item, and the trailing cue did not 

permit subjects to align attention with the cued location before 

the display appears. The three cuing conditions were run with 

three separate groups of subjects. Crossed with the cuing factor 

was an onset factor. In each display, exactly one item had an 

abrupt onset, and the remaining three items did not have an 

abrupt onset. 

The automaticity hypothesis asserts that regardless of the 

subject's state of attentional readiness, an abrupt onset ap- 

pearing in an uncued location should capture attention and 

slow responding to cued items that do not have abrupt onsets, 

because, by hypothesis, attention is involuntarily drawn to 

the onset location and can be applied only subsequently to 

the cued item. On the other hand, if the preliminary allocation 

of attention dominates performance, then whether or not the 

target has an abrupt onset should not influence performance. 

M e t h o d  

Subjects. Thirty undergraduates at the Johns Hopkins University 
served in one 50-min session for class credit. All subjects had normal 
or corrected-to-normal vision. Ten subjects were randomly assigned 
to each of the three SOA conditions. 

Stimuli and e:tuipment. Stimuli were presented on a NEC Mul- 
tisync monitor driven by a Col.r-400 EGA card controlled by an 
IBM PC/AT microcomputer. Letters were high-contrast yellow 
against a black background. The letters E, H, P, S, and U served as 
stimuli. The letters were formed by illuminating the appropriate 
segments of a seven-segment box figure eight. From a viewing distance 
of about 40 cm, each letter subtended 0.9 ° of visual angle in height 
and 0.5* in width. The letters appeared at a subset of the vertices of 
an imaginary hexagon centered at fixation with radius 4.2", and they 
were 4.2* apart, center to center. The cue was a triangular arrowhead, 
appearing directly at fixation, pointing at one of the six potential 
stimulus locations. The arrowhead subtended about 0.6* in length 
and 0.3* in width at its base (see Figure 3 for an example of the 
display). 

Responses were made by pressing with the right or left index finger 
one of two buttons mounted in an angled response box placed on the 
table in front of the subject. 

Design. Each subject participated in eight 72-trial blocks. A 2 × 
2 factorial design was used within subjects. The two within-subjects 
factors were target identity (E or H) and trial type (onset or no-onset). 
The target was an E on half of the trials in each block and an H on 
the other half. Within each of these factors, the target had an abrupt 
onset on half of the trials, and the three nontargets were of the no- 
onset type; on the other half of the trials, one of the nontargets had 
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Figure 3. Trial events in the -200-ms stimulus onset asynchrony 

(SOA) condition of Experiment 2. (In the top row, right, the target 

[H] is an onset letter. In the bottom row, right, the target [E] is a no- 

onset letter, and one of the distractors [S] is an onset. The cue in both 

examples precedes the target display by 200 ms; in two other condi- 

tions, not shown, the cue appears simultaneous with or 200 ms after 

the start of the target display. The initial positions of the three figure- 

eight placeholders alternated between the upward-pointing triangle, 

shown, and an inverted triangle.) 

an abrupt onset, and the target and two of the distractors were of the 

no-onset type. 

There was one between-subjects factor, SOA. The asynchrony 

between the onsets of the letter display and the cue was -200  ms 

(i.e., the cue preceded the onset of the display by 200 ms), 0 ms (i.e., 

the cue and the display appeared simultaneously), or 200 ms (i.e., the 

cue followed the display by 200 ms). The cue pointed at the critical 

letter (E or H) on every trial and thus represented a 100% valid 

attention cue. 

The target appeared in each display location equally often. On no- 

onset trials, the location of the onset nontarget was chosen from each 

of the nontarget locations equally often. 

A number  of precautions were taken to avoid transient practice 

effects. The session began with a block of 20 practice trials; each 

block began with 3 warm-up trials, and every error was followed by 

a randomly chosen recovery trial. Responses from the practice, warm- 

up, and recovery trials were not recorded and did not enter into any 

analyses. 

Procedure. On each trial (see Figure 3) a fixation point was 

displayed for 500 ms as a warning that the trial was about to begin. 

Three box figure-eight placeholders were then displayed (along with 

the fixation point) at three of the stimulus positions, forming either 

an upward-pointing or a downward-pointing triangle (randomly and 

equally often within each block). The placeholders were always pres- 

ent for 1,000 ms before the onset of the test display regardless of 

SOA. The test display consisted of four letters. Three of these (the 

no-onset letters) appeared in the locations previously occupied by the 

placeholders; they were revealed by removing the appropriate seg- 

ments of the figure eight, thereby avoiding abrupt onset of the 

contours of the letter itself. The fourth letter (the onset stimulus) 
appeared abruptly in a previously blank location at the same time 

that the no-onset letters were revealed. 

The cue appeared at fixation and always indicated the location of 

the critical letter (E or H). The cue appeared at one of three possible 

SOAs with respect to the start of the letter display: -200,  0, or 200 

ms. Because the placeholders were always present for 1,000 ms before 

the onset of the letters, the cue appeared 800, 1,000, or 1,200 ms after 
the onset of the placeholders. 

Subjects were instructed to determine whether an E or an H was 

present in each test display and to press the right button with their 

right index finger if the E was present and the left button with their 

left index finger if the H was present. They were told to use the cue 

to direct their attention to the critical location, if possible. To reiterate, 

the cue was 100% valid: It always indicated the location of the critical 

letter. A 100-ms, 800-Hz tone was presented as feedback if an 

incorrect response was made. No tone was provided after correct 

responses. 

Subjects were instructed not to move their eyes at any time during 

the experiment, as this would make their task more difficult and slow 

their responses. None of the subjects expressed any difficulty in 
maintaining steady fixation. Previous work in similar paradigms has 

shown that subjects can and do reliably maintain fixation when this 

is required; task replications under eye movement monitoring have 

repeatedly failed to detect any effect on performance. The results of 

Experiment l, in which we did monitor eye position, support our 

contention that eye position remained constant in this experiment. 

Resu l t s  

M e a n  reac t ion  t imes  f rom correct  responses  for the  var ious  

cond i t ions  of  E x p e r i m e n t  2 are shown  in Figure 4. T h e  results  

are s t ra ightforward:  U n d e r  an  effective a t t en t iona l  cue (i.e., 

in  the  - 2 0 0 - m s  SOA condi t ion) ,  there  was no  reliable differ- 

ence  in reac t ion  t ime  be tween  trials o n  which  the  crit ical i t em 

had  an  a b r u p t  onset  a n d  trials on  which  one  o f  the  dis t ractors  

had  a n  a b r u p t  onset .  In  contras t ,  w h e n  the  cue was relatively 

ineffective (i.e., in the  0 -ms  a n d  200-ms  SOA condi t ions) ,  

whe the r  the  target  or  a d is t rac tor  had  an  a b r u p t  onse t  had  a 

large a n d  s ignif icant  effect. 

To  verify these t rends ,  we carr ied ou t  a two-way repeated  

measures  ANOVA, wi th  the  be tween-subjec ts  factor  o f  SOA 

( - 2 0 0 ,  0, a n d  200 ms)  a n d  the  wi th in-subjec ts  factor  of  trial  

type (onset  a n d  no-onset) .  Th i s  analysis  revealed a s ignif icant  

m a i n  effect of  b o t h  factors, F(2,  18) = 4.57, p < .05 for SOA 

and  F(1,  9) = 39.60, p < .001 for trial type. The  in te rac t ion  

be tween  SOA and  trial  type  was also highly significant,  F(2,  

18) = 30.69, p < .001. The  effect o f  trial  type was 8 --- 5, 52 

_ 10, a n d  117 _ 18 ms  for the  - 2 0 0 - ,  0-, a n d  200-ms  SOA 

groups,  respectively (see F o o t n o t e  3). P l a n n e d  compar i sons  

o f  these values revealed tha t  the  difference be tween  the  onset  
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Figure 4. Mean reaction time for each condition of Experiment 2. 
(The bars extend to ---1 SE.) 
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and the no-onset trials in the -200-ms  group was not signifi- 

cantly greater than zero, t(9) = 1.71, p > .1 and that the 

corresponding differences in the 0- and 200-ms groups were 

significantly greater than zero, t(9) = 4.98 and 6.45 for the 

two groups, respectively, both ps < .001. 

The overall error rate was 2.4%. Analysis of  the error rate 

differences in the three SOA conditions revealed a pattern 

similar to that for the reaction times. The differences in error 

rate between the onset and the no-onset trials were 0.6 + 0.2, 

1.4 + 0.5, and 2.6 + 0.9% for the -200- ,  0-, and 200-ms 

SOAs, respectively. There was a positive correlation of  .93 

between mean reaction time and mean error rate in the six 

experimental conditions. No suggestion of  a speed/accuracy 

trade-off is present. 

Discussion 

A straightforward characterization of  these data is that 

focusing attention in response to a valid and temporally useful 

cue (in the -200-ms  SOA condition) virtually eliminated any 

effect of abrupt onset in the discrimination task. This can be 

seen by noting that the results for onset and no-onset targets 

are virtually identical in this condition. It should be recalled 

that when the target is of the no-onset type, there is an onset 

elsewhere in the display. If this distractor onset had captured 

attention, it should have disrupted performance on these trials 

compared with onset-target trials. It did not. Evidently, then, 

abrupt onset did not overcome the volitional allocation of  

attention in this experiment, and the intentionality criterion 

for automaticity was violated. 

When the attentional cue was not available in advance of  

the onset of  the test display in the 0-ms and 200-ms SOA 

conditions, attentional resources could not be focused in 

anticipation of  the critical item. Under  these circumstances, 

abrupt onset had a substantial influence on reaction time: 

When the target had an abrupt onset, responses were much 

more rapid than when one of the distractors had an abrupt 

onset. It is important  to establish this result, because it dem- 

onstrates that abrupt onset can capture attention in the dis- 

crimination task used here, thereby providing validation of  

the task. 

One might wonder why the effect of abrupt onset was 

greater in the 200-ms condition than in the 0-ms condition. 

After all, in both of  these conditions, subjects were presumably 

unable to focus attention on the relevant position before the 

onset of  the display. We suggest that attention was drawn to 

the onset position rapidly in both of  these conditions (because 

in neither of  them was attention focused in advance). Indeed, 

the data from the onset conditions suggest that attentional 

capture by abrupt onset was nearly as efficient in these con- 

ditions as when attention was allocated in advance. Now 

consider the no-onset conditions. Here, attention is assumed 

to be drawn to a distractor with an abrupt onset. In the 0-ms 

condition, the information from the cue might still have been 

used to shift attention from the distractor position to the cued 

target position. In the 200-ms condition, however, informa- 

tion provided by the cue about the position of  the target was 

not available until later, and so subjects may have had to 

engage in a search for the target until it was found or until 

the cue appeared. Because some search time may have been 

required in the 200-ms no-onset condition, reaction time was 

slower than in the 0-ms no-onset condition. 

The finding that abrupt onsets capture attention when 

attention is unfocused is consistent with the results of  Yantis 

and Jonides (1984). In that study, subjects were in a state of  

diffuse attention (there were no additional cues), and therefore 

they had not allocated attention to specific locations in prep- 

aration for the display. As in the present experiment, onsets 

did capture attention in that case. 

The present experiment also verifies a conclusion drawn 

from Experiment 2 of  Yantis and Jonides (1984). That exper- 

iment was conducted to determine whether the superior per- 

formance for onset stimuli over no-onset stimuli might be 

attributed not to attentional capture but to some perceptual 

difficulty in processing no-onset stimuli compared with onset 

stimuli. In the experiment subjects were provided with an 

advance cue indicating the position of  a target that was to be 

identified. We found that reaction time to discriminate the 

target was the same for onset and no-onset stimuli, as long as 

attention was suitably allocated in advance. This demon- 

strated that when differential attentional effects were re- 

moved, there was no residual difference in the time required 

to process onset and no-onset letters. The present experiment 

verifies and extends that result: When attention is effectively 

allocated in advance, reaction time to discriminate a letter 

does not depend on whether it is an abrupt onset. The present 

experiment goes further in demonstrating that this holds even 

when a to-be-ignored onset stimulus appears elsewhere in the 

visual field. 

E x p e r i m e n t  3 

Experiment 2 established that an effective attentional cue 

could subvert the attention-capturing power of  an abrupt 

onset. In that experiment we manipulated the effectiveness of 

the attentional cue by varying its temporal position. Less 

effective cues (i.e., those that could not be used to focus 

attention in advance of  the display) yielded performance that 

was most susceptible to capture by abrupt onset. To provide 

converging evidence for this conclusion, we conducted an- 

other experiment in which we again manipulated cue effec- 

tiveness, this t ime by varying the predictive validity of the cue 

while keeping its temporal position fixed at -200-ms  SOA 

(which has been shown to be effective in focusing attention, 

as verified by Experiment 2; see also Eriksen & St. James, 

1986; Remington & Pierce, 1984). The cues had validities of 

100%, 75%, or 25% (with four stimulus positions, 25% pro- 

vides only random predictive validity). 

The results of Experiments 1 and 2 already undermine a 

strong version of the automatic-capture hypothesis. On the 

basis of  those results, we hypothesized that functional (i.e., 

high-validity) cues would tend to rivet attention to the cued 

position and thus prevent the disruption of  performance by 

an onset occurring elsewhere in the field. It should be noted 

that we obtained just this result in the -200-ms  SOA condi- 

tion of  Experiment 2. In contrast, when the cue was not as 

functional (i.e., in low-validity conditions), subjects would be 

likely to spread their attention over the entire display area, 
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a n d  the  appea rance  o f  a n  onse t  shou ld  cap ture  a t t e n t i o n  a n d  

d o m i n a t e  pe r fo rmance .  Th i s  hypothesis ,  then ,  predicts  a n  

in te rac t ion  be tween  cue val idi ty a n d  trial  type. 

Method 

Subjects. Thirty undergraduate students at the Johns Hopkins 

University served as subjects for course credit. None of the subjects 

had served in Experiments 1 or 2, and all had normal or corrected- 

to-normal vision. Ten subjects were randomly assigned to each of 

three validity groups. 

Stimuli and equipment. The stimuli and equipment were the 

same as in Experiment 2. 

Design. Each subject participated in eight blocks of 72 trials. The 

two within-subjects factors in the 2 x 2 design were target identity (E 

or H) and trial type (onset or no-onset). As before, the target was an 

E on half of the trials in each block and an H on the other half; 

within each of these factors, the target had an abrupt onset on half of 

the trials (and the three nontargets were of the no-onset type), and 

on the other half of the trials one of the nontargets had an abrupt 

onset (and the target was of the no-onset type). 

The between-subjects factor was cue validity. One group of subjects 

experienced a cue validity of 100%, one group 75%, and one group 

25%. For the 75% group, the cue indicated the location of the target 

on 75% of the trials and a randomly chosen nontarget location on 

the remaining trials. For the 25% group, the cue indicated the target 

on just 25% of the trials and a randomly chosen nontarget on the 

remaining 75% of the trials. This yields five conditions, which we 

denote as follows: 100V, 75V, 75I, 25V, and 251. The number 

corresponds to the validity condition (100%, 75%, or 25% validity), 

and the letter corresponds to whether the cue was valid or invalid (V 

or I). Thus, Condition 75I consisted of those 25% of the trials for the 

75% validity group on which the cue was not valid. Similarly, 

Condition 251 consisted of those 75% of the trials for the 25% validity 

group on which the cue was not valid. Of course, there were no 

invalid trials for the 100% validity group. 

Each condition can be categorized according to whether the target 

had an abrupt onset. The target appeared in each location equally 

often. On no-onset trials the location of the onset nontarget was 

chosen from each of the nontarget locations equally often. 

The 100%-valid group underwent exactly the same stimulus con- 

ditions as the -200-ms SOA group in Experiment 2 (all SOAs in the 

present experiment were -200  ms, and all cue validities in Experi- 

ment 2 were 100%). This condition therefore represents an exact 

replication of the corresponding condition of Experiment 2. 
As in Experiment 2, we included practice, warm-up, and recovery 

trials in the design, the responses to which were not recorded and did 

not enter into any analyses. 

Procedure. The procedure was just as in Experiment 2 with the 

exception that the cue always appeared 200 ms before the onset of 

the test display and that the cue sometimes indicated a nontarget 

location (for the 75% and the 25% groups). Figure 3 shows the 
sequence of stimulus events. 

Subjects in all three groups were informed of the effective cue 

validity. Subjects in the 100% and in the 75% conditions were 

encouraged to attend to the cued location, because that location was 

certain (for the 100% group) or likely (for the 75% group) to contain 

the target item on each trial. Subjects in the 25% condition were told 

that the target was equally likely to appear in any of the display 

locations (including the cued one) regardless of where the cue pointed. 

They were told to ignore the cue and to be prepared to make a 
perceptual judgment about stimuli in any of the display locations. 

We thus attempted to encourage subjects in the 25% group to remain 

in a diffuse attention mode. 

Results 

M e a n  reac t ion  t imes  f rom correct  responses  for the  var ious  

cond i t ions  of  E x p e r i m e n t  3 are shown  in Figure 5. There  was 

no  effect o f  target  type in the  100V condi t ion .  This  f inding,  

which  verifies the  resul t  ob t a ined  f rom the  - 2 0 0 - m s  SOA 

cond i t ion  o f  E x p e r i m e n t  2, demons t r a t e s  t ha t  highly focused 

a t t en t i on  can  ove rcome  a t t en t iona l  cap ture  by  a b r u p t  onset.  

In  the  75% a n d  25% condi t ions ,  in contrast ,  there  was a larger 

effect o f  ab rup t  onse t  even  o n  valid trials a n d  a very large 

effect o f  a b r u p t  onse t  on  inva l id  trials. 

A two-way ANOVA, wi th  the  be tween-subjec ts  factor  o f  cue 

validi ty (100V, 75V, 75I, 25V, a n d  25I) a n d  the  wi th in-  

subjects  factor  o f  trial  type (onset  or no-onset) ,  revealed a 

s ignif icant  m a i n  effect o f  b o t h  factors, F(4,36)  = 27.01 for 

validi ty a n d  F(1,9)  = 85.23 for trial  type, b o t h  ps < .001. The  

in te rac t ion  be tween  val idi ty  a n d  trial type was also significant,  

F(4,36)  = 13.46, p < .001. A clearer  p ic ture  o f  the  da ta  is 

ob t a ined  by  e x a m i n i n g  the  ind iv idua l  effects o f  a b r u p t  onse t  

for each  validi ty condi t ion .  

The  effect o f  tr ial  type was 17 _+ 10, 48 _+ 6, a n d  46 _+ I I  

m s  for the  100V, 75V, a n d  25V condi t ions ,  respectively (see 

F o o t n o t e  3). The  effect of  trial  type  for  the  75I a n d  25I 

cond i t ions  was 121 _+ 9 a n d  69 + 19, respectively. Ind iv idua l  

t tests o f  these effects revealed t ha t  the  difference be tween  the  

onset  a n d  the  no-onse t  trials in  the  100V cond i t ion  was no t  

s ignif icantly greater  t h a n  zero, t(9) = 1.8, p > .  l,  a n d  t ha t  the  

co r re spond ing  differences in  the  75V a n d  25V groups  were 

signif icantly greater  t h a n  zero, t(9) = 8.4 a n d  4.3 for the  two 

groups,  respectively, b o t h  ps < .01. The  effects in  the  two 

inva l id  cond i t ions  were also reliable, t(9) = 13.9 a n d  3.6 for 

the  75I a n d  25I condi t ions ,  respectively. 

The  overal l  e r ror  rate was 3.0%. The re  was a posi t ive 

corre la t ion  o f  .90 be tween  m e a n  reac t ion  t ime  a n d  m e a n  

error  rate in  the  10 expe r imen ta l  condi t ions ,  a resul t  suggest- 

ing t ha t  there  was no t  a speed /accuracy  trade-off.  

Discuss ion  

W e  cons ider  first the  100V condi t ion .  As in the  cor respond-  

ing cond i t i on  o f  E x p e r i m e n t  2 ( - 2 0 0 - S O A ) ,  there  was vir- 
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Figure 5. Mean reaction time for each condition of Experiment 3. 
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tually no effect of target type. This replicates our finding that 

when attention is effectively focused on a spatial location, 

abrupt onset does not capture attention. 

Next we look at the 25% condition (25V and 251 in Figure 

5). If  subjects had completely ignored the cue (as they should 

have, given its low validity and our instructions), we would 

expect the bars representing the 25V and the 251 conditions 

to be the same height, to reflect the irrelevance of  the cue. 

The bars are clearly not the same height. However, neither 

are they very different (compared, e.g., with the corresponding 

bars in the 75% validity conditions). To the extent that 

subjects were in something like a diffuse attention mode here, 

we would expect to see a noticeable effect of trial type (onset 

vs. no-onset), according to our hypothesis. This prediction 

was satisfied: Onset targets were identified more rapidly than 

no-onset targets were (an average difference of  57 ms). 

We now discuss the 75% condition (75V and 751 in Figure 

5). There are several possible strategies that a subject could 

adopt when the cue is highly, but not completely, valid. We 

consider three of the most plausible here. The first (Strategy 

1) is always to attend maximally to the cued location, even 

though this is known to be harmful on some trials. This 

strategy is disconflrmed by the data, however, because it 

predicts that in the 75V condition, the effect of  target type 

should be as small as it is in the 100V condition, and this is 

clearly not the case. The mean differences between the onset 

and the no-onset conditions were 17 ___ 10 ms for the 100V 

condition and 48 ___ 6 ms for the 75V condition, a significant 

difference, t(18) = 2.3, p < .05. Evidently, then, Strategy 1 

was not used by subjects in this task. 

The second strategy for the 75% condition (Strategy 2) is 

to probability match over trials (Jonides, 1980), attending to 

the cued location on a randomly selected 75% of  the trials 

and either selecting a random uncued position to attend to 

on the remaining trials (Substrategy 2A) or remaining in the 

diffuse attention state on those trials (Substrategy 2B; Eriksen 

& Yeh, 1985). 

These strategies predict a probability mixture of  two differ- 

ent attentional states on valid trials: those on which attention 

is highly focused (as in the 100V condition) and those on 

which attention is either focused incorrectly (Substrategy 2A) 

or unfocused (Substrategy 2B). In other words, Strategy 2 

predicts that the distribution of  reaction times in the 75V 

onset and no-onset conditions should be a 75/25 mixture of  

the corresponding distributions in the 100V and the 751 

(Substrategy 2A) or the 100V and 25V (Substrategy 2B) 

conditions. 4 The power required for formal statistical tests of  

this prediction is not sufficient for these data (see Meyer, 

Yantis, Osman, & Smith; 1985; Smith, Yantis, & Meyer, 

1990, for details). Qualitatively, however, the data do not 

strongly violate the predictions of Strategy 2. 

The third strategy (Strategy 3) is to devote on each trial 

75% of  one's attentional resources to the cued location and 

25% to the uncued locations (Shaw, 1978). This strategy 

predicts that in Condition 75V there should be an effect of 

target type (onset vs. no-onset) that is larger than when 

attention is completely focused (Condition 100V) but less 

than when attention is diffuse (Condition 25V). This derives 

from the idea that attention is not completely focused in the 

75V condition and so may be subject to partial capture, but 

it is not completely diffuse and so should be resistant to 

complete capture? An idea like this one was also proposed 

by Mfiller and Rabbitt  (1989). The results confirm one aspect 

of  this model: The effect of  onset versus no onset is larger in 

the 75V than in the 100V condition. However, the effect of  

onset in the 75V condition is not smaller than in the 25V 

condition (48 + 6 vs. 46 _ 11, respectively). 

A further prediction of  Strategy 3 is that both overall 

reaction time and the effect of  target type should be much 

larger in the 751 condition than in the 75V condition. This 

prediction is supported by the significant main effect of valid- 

ity (75V vs. 75I), t(9) = 13.6, p < .001, and the significant 

interaction between target type (onset vs. no-onset) and valid- 

ity (75V vs. 75I), t(9) = 11.7, p < .001. 

We conclude that the data are consistent with the predic- 

tions of  Strategy 2 or Strategy 3. They are not consistent, 

however, with the hypothesis that abrupt visual onset captures 

attention automatically regardless of  attentional state. Exper- 

iment 3 has demonstrated that the specific attentional strategy 

adopted by a subject given partially valid cues significantly 

influences the extent to which abrupt onset captures attention 

and verifies the conclusion from Experiments 1 and 2 that 

abrupt visual onset does not satisfy the intentionality criterion 

of strong automaticity. 

The results of Experiment 3 also help to reconcile the 

present findings and those of  Mfiller and Rabbit (1989). In 

their study, a to-be-ignored peripheral flash interrupted the 

detection of a target in a cued location. However, because the 

cue was only moderately valid (50%), it cannot be said to 

have placed subjects into a state of highly focused attention. 

In the present experiment, even validities of  as high as 75% 

yielded significant effects of to-be-ignored abrupt onsets. It is 

only when attention is highly focused in advance (as in the 

100V condition) that irrelevant abrupt onsets can be overrid- 

den by voluntary attentional focussing. 

E x p e r i m e n t  4 

We have ruled out versions of  automatic attentional capture 

by abrupt onset in which attention is always immediately 

drawn to an abrupt onset regardless of  subjects' intention. 

This is a strong version of automaticity that specifies a com- 

plete lack of  control. However, there are less stringent (and 

perhaps more plausible) versions of  automaticity that should 

4 The data suggest that subjects were not completely unfocused in 
the 25V condition; instead, there is evidence that subjects used the 
cue to direct attention, even when it was randomly associated with 
the target location. To the extent that subjects were indeed using the 
cue in Condition 25V, it would not be appropriate to use data from 
that condition as one basis distribution in a test of the mixture 
prediction of Substrategy 2B. 

5 The idea implicit in this prediction is that because one can flexibly 
allocate portions of attention to different spatial locations, it follows 
that portions of attention can be captured by an abrupt onset; the 
more attention is allocated to a position, the less attention will be 
drawn away by an abrupt onset. 
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still be entertained. It could be the case that  an abrupt  onset 

is always registered as an important ,  high-priority event  by 

the visual system, but  when at tent ion is focused elsewhere, 

the " in ter rupt"  generated by the onset is placed in a queue to 

be serviced only after a t tent ion is freed f rom its current  task. 

In Exper iment  4, we tested such a version o f  automatici ty.  6 

In the exper iment  we used an interference paradigm (e.g., 

Eriksen & Schultz, 1979; Yantis  & Johnston,  1990). On  each 

trial o f  the task, a different letter was assigned to each o f  two 

responses. One  posit ion in the display was cued in advance, 

and the task was to respond according to the letter in the cued 

location. U n c u e d  locations were usually occupied by neutral  

letters. On  some trials, however,  the letter assigned to the 

incorrect  response for the trial appeared in one o f  the uncued  

positions. As before, the cued s t imulus or  one  o f  the uncued  

stimuli  could have an abrupt  onset; the remaining letters were 

always no-onset  letters. 

With this paradigm, we can assess the extent to which 

interference f rom to-be-ignored i tems (if any) depends on 

whether  those i tems have an abrupt  onset. To  perform this 

test, we must  first establish that onsets per se do not  interfere 

with the identif ication o f  the cued stimuli,  in replication o f  

our  earlier results. Then  we must  de termine  whether  there is 

any interference f rom to-be-ignored positions at all (indeed, 

it is possible to maximize  the degree o f  interference through 

the careful choice o f  task parameters)  and, i f  so, whether  that  

interference is modula ted  by whether  the interfering st imulus 

has an abrupt  onset. 

I f  interference is greater when the interfering letter is an 

onset rather than a no-onset  i tem, the idea that  the onset 

stimuli are registered as high priority by the visual system is 

supported. This would  be consistent with the weaker  view of  

automat ic i ty  described above. On  the other  hand, i f  the effect 

o f  the interfering i tem does not  depend on whether  it has an 

abrupt  onset, the not ion  that  onsets automat ical ly  capture 

at tention,  even in a weak sense, is undermined .  

In this exper iment  we enhanced  the potential  for interfer- 

ence f rom to-be-ignored stimuli  by varying the st imulus-to- 

response mapping  on each trial. This kind o f  procedure causes 

the mappings to be highly pr imed and may  permit  them to 

penetrate the filter established when at tent ion is focused. 

Method 

Subjects. Sixteen undergraduates from the Johns Hopkins Uni- 
versity (9 female) served in one 50-min session to satisfy a require- 

ment for an introductory psychology course. All subjects had normal 
or corrected-to-normal vision, and none had participated in Experi- 
ments 1-3. 

Equipment and stimuli. The equipment and stimuli were the 
same as in Experiment 2. 

Procedure. At the start of each trial, two target letters appeared 
on the screen for 500 ms, one above the right response key and one 
above the left response key. This was followed by a display consisting 
of three placeholders and a fixation cross for 1,000 ms. A cue as in 
Experiment 3 then appeared for 200 ms. Of course, this cue was 
always 100% valid, because the task was defined such that the cued 
letter was the one to be reported. Finally, the display of four letters 
appeared; one of these had an abrupt onset, and the other three were 
no-onset letters. One of the two target letters always appeared in the 

cued location, and subjects were to press the key corresponding to 
the cued target letter. The display disappeared when the response was 

made, and a beep was emitted if the response was in error. The next 
trial started after 1,000 ms. 

Design. The left and right responses were each required on half 

of the trials. The cued target letter was an onset letter on half of the 
trials, and one of the uncued letters was the onset on the remaining 

trials. On half of the trials of each of these types, there was an 
interfering letter (i.e., the target letter mapped onto the incorrect 
response) present in an uncued position, and on the remaining trials 

all the uncued positions were occupied by neutral letters. When the 

cued letter was a no-onset one and an interfering letter was present, 
the interfering letter was an onset on half of the trials and a no-onset 
on the other half. 

There were eight blocks of 64 trials each. In each block, then, the 
cued target was an onset on 32 trials; an interfering target was present 

on 16 and absent on 16 of these trials. When the cued target was a 
no-onset (32 trials), the interfering target was again present on 16 
trials and absent on 16 trials. Of the trials in which the target was a 
no-onset and the interfering target was present (16 trials), the inter- 
feting target was an onset on 8 trials and a no-onset on 8 trials. It is 
the results from this last pair of conditions that are the focus of this 

experiment. 

Results 

Mean reaction t imes for the main  condi t ions  o f  Exper iment  

4 are shown in Table 1. These data were subjected to a two- 

way analysis o f  variance, with cued target type (onset vs. no- 

onset) and distractor type (interfering target present vs. absent) 

as factors. The  3-ms main  effect o f  cued target type was not  

significant, F(1, 15) = 1.2, p > .2. The 33-ms main  effect o f  

the interfering target was highly significant, F( 1, 15) = 143.1, 

p < .001. The interact ion between these factors was not  

significant, F(1, 15) < 1. This analysis establishes that  when 

subjects a t tended to the cued position, it mat tered not  at all 

whether  the cued target was an abrupt  onset or  the onset was 

elsewhere in the display. This  replicates the observed pattern 

o f  Exper iments  1-3: abrupt  onsets do not  capture at tent ion if  

a t tent ion is directed effectively in advance. The  analysis also 

revealed that  the identity o f  the to-be-ignored i tems did matter  

to some extent; that is to say, on those trials in which an 

interfering target appeared in an uncued  location, reaction 

t ime was slowed compared  with that  on trials in which the 

interfering target did not  appear. This result was obtained by 

design, of  course: We selected task parameters  that  would  

maximize  the possibility o f  interference f rom to-be-ignored 

letters. 

What  remains to be de termined  is whether  the interference 

was modula ted  by whether  the interfering target had an abrupt  

onset. For  this analysis, we looked at the subset o f  trials on 

which the onset s t imulus was one of  the uncued  letters and 

an interfering target was present. React ion t ime when the 

interfering target was an onset was 525 ms, and when it was 

a no-onset  (and one  o f  the other  uncued  letters was an onset), 

reaction t ime was 513 ms. This  effect o f  12 + 4 ms was 

6 We thank Roger Remington for encouraging us to pursue this 
possibility. Preliminary evidence from a different paradigm used in 
our laboratory suggests that something like this model may be correct 
(Yantis & Johnson, 1990). 
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Table 1 

Mean Reaction Time (in ms) of Each Condition of 

Experiment 4 

Cued target 
Interfering 

target Onset No onset M 

Present 514 519 516 
Absent 483 484 483 

M 498 501 

significantly greater than zero, t(l 5) = 2.7, p < .02. This effect 

demonstrates that even though attention was not immediately 

captured by the uncued abrupt onset, the interfering effect of  

a to-be-ignored stimulus was modulated by whether it had an 

abrupt onset. Thus the attentional effect of  an abrupt onset 

evidently persists for some time beyond its immediate occur- 

rence. 

Discussion 

According to the weaker version of automaticity we are 

testing, interfering targets that are themselves onsets should 

have a larger effect than those that are not onsets, even given 

that attention was not immediately drawn by the onset stim- 

ulus. The results of Experiment 4 are consistent with this 

model. Evidently, abrupt onsets may maintain the ability to 

summon attention, even if they are prevented from doing so 

immediately because attention is focused elsewhere. 

The results we have described require that the effects of 

interfering stimuli in a task such as the one used in this 

experiment must be mediated by a series of overlapping 

processes. According to this account, attention is first allo- 

cated to the cued location, and information is extracted from 

that location; then attention goes on to the next-highest 

priority location, which in this case would be the onset 

location (if any). Information extracted from that location 

influences responses to the letter in the cued loca t ion- -  

presumably via a response-competition mechanism. 

G e n e r a l  Di scuss ion  

Four experiments were conducted to test the hypothesis 

that abrupt visual onset captures attention automatically. In 

Experiment l, we showed that subjects' state of  attentional 

readiness does modulate the extent to which abrupt onsets 

draw attention; this was essentially an existence proof. In 

Experiment 2, the effectiveness of a completely valid spatial 

cue was manipulated by presenting it before, simultaneous 

with, or after the appearance of  a test display. Precues, which 

can, with the proper spatiotemporal properties, promote 

highly focused attention (e.g., Yantis & Johnston, 1990), 

virtually eliminated the effect of  abrupt onset on performance. 

In contrast, cues presented simultaneously with or after the 

onset of  the display yielded strong effects of  abrupt onset. We 

concluded that highly focused attention is resistant to atten- 

tional capture by abrupt onset. 

In Experiment 3, we pursued this finding by manipulating 

the predictive validity of  the cue. As in Experiment 2, with 

highly focused attention induced by completely valid cues, 

there was little effect of  abrupt onset. However, with cues of  

lower validity, which evidently resulted in more diffuse atten- 

tion allocation, abrupt onsets had a strong effect on perform- 

ance. 

In Experiment 4, we tested a somewhat weaker form of 

automaticity that might still be satisfied by abrupt onsets. We 

found that although abrupt onsets have no immediate effect 

on performance, they may still have a delayed or secondary 

effect in that they potentiate the interference caused by a 

response-incompatible letter in a to-be-ignored location. The 

picture emerging from this finding is that onsets may produce 

a "priority signal" that enters a queue. The signals in the 

queue are serviced in order of  priority. When subjects are in 

a diffuse attention mode, an onset will have the highest 

priority, and attention will be captured. When attention is 

focused because of  task demands, the focused location will 

have the highest priority and will be serviced before the next- 

highest priority location, which might be the location contain- 

ing an onset. Other preliminary evidence from our laboratory 

suggests that if there are multiple onsets present among a 

number of no-onsets, up to four of  the onset stimuli may be 

serviced before any of the no-onsets are (Yantis & Johnson, 

1990). This is also consistent with the queuing notion. 

One possible challenge to our conclusions is presented by 

our use of cues that themselves exhibit abrupt onsets. One 

might think that onset cues would interrupt the attentional 

capture produced by abrupt-onset stimuli and thereby com- 

promise the effect of attentional capture by abrupt-onset 

letters with unwanted attentional capture by abrupt-onset 

cues. Upon closure scrutiny, however, it will be seen that the 

use of  abrupt-onset cues is not problematic. First, the cues in 

these experiments are central ones. Jonides (1981) showed 

that central cues do not effectively capture attention (as 

peripheral cues, for example, do). 

Second, one should consider the results of Experiment 3. 

In that experiment the cues always appeared 200 ms before 

the onset of  the display. By the time the display itself appeared, 

attention was already effectively focused on the cued position, 

as indicated by the negligible effect of  target type in the 100% 

validity condition. Consequently, we conclude that any pos- 

sible attentional capture by the abrupt-onset cues had already 

dissipated by the time the display appeared 200 ms later. 

Finally, we consider the results of Experiment 2. The con- 

dition that is most likely to present problems for our analysis 

is the 200-ms SOA condition in which the cue appeared 200 

ms after the onset of  the display. These abrupt-onset targets 

were identified just as rapidly as in the -200-ms  condition, a 

result suggesting that the abrupt-onset targets did effectively 

capture attention; if the 200-ms cue had disrupted target 

processing, we would have expected reaction time in the 200- 

ms onset condition to be slower than the -200-ms  onset 

condition. That it was not bolsters our claim that the abrupt- 

onset cue did not compromise the experiment. A similar 

argument applies to the 0-ms condition of  Experiment 2. 
Another feature of  the data that merits comment  is the 

effect of  onset type in the - 2 0 0  SOA, 100% valid conditions 

of Experiments 2, 3, and 4. Although in any given experiment 

this effect was not significantly greater than zero, it was 
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consistently positive in all experiments. One might wonder if 

a real effect of  onset was present but was too small to be 

statistically detected. We would argue that a more plausible 

explanation for this small but  consistent effect is that on some 

small proportion of  the trials, subjects may not have focused 

their attention with maximal  efficiency (e.g., they were mo- 

mentarily distracted or they lost concentration for a trial). On 

those trials we would expect that their attention would be 

drawn to the abrupt-onset stimulus. Indeed, it would be 

surprising if there were not at least some trials of this sort. 

This mixture of  trials on which subjects focused well and 

onsets had no effect (most trials) and trials on which subjects 

did not focus well and onsets had a strong effect (a few trials) 

would be reflected in a small effect of  onsets overall. However, 

because the effect of  onsets was so small, the power of  any 

formal statistical tests of  this mixture hypothesis would not 

be sufficient to draw meaningful conclusions (Smith et at., 

1990). 

Conclusion 

The conclusion we have advanced is that attentional cap- 

ture by abrupt visual onset does not satisfy all the common 

criteria for strong automaticity (Kahneman & Treisman, 

1984); therefore it should not, perhaps, be termed strongly 

automatic. A quite different conclusion is available, however. 

It is possible that the intentionality criterion for automaticity 

is not adequately diagnostic and should be abandoned or 

reformed (see Jonides et at., 1985). Of course, this issue has 

no objective answer. Definitions are not subject to empirical 

scrutiny. The criteria we choose to apply in ascribing auto- 

maticity to a cognitive or perceptual process are valid precisely 

to the extent that they are theoretically useful. If  there are few 

processes that can satisfy the intentionality criterion, or if 

there are processes that appear prima facie to be good exam- 

ples of  automatic processes and yet do not satisfy the inten- 

tionality criterion, then the criterion itself may be suspect. 

The present data concerning abrupt onset represent one ex- 

ample of  this type, which, if corroborated by other converging 

sources of  evidence, may undermine the utility of the inten- 

tionality criterion. 

The overall conclusion to which we are led is that atten- 

tional capture by abrupt stimulus onset is not strongly auto- 

matic because, although it satisfies the load-insensitivity cri- 

terion, it does not strictly satisfy the intentionality criterion. 

The visual attention system is evidently prepared to give high 

priority to abrupt onsets when in diffuse attention mode. This 

is adaptively sensible, because onsets usually signal novel 

stimulus information, and this information may often be 

perceptually important.  At the same time, the system delays 

the potentially distractive influence of  abrupt onset when 

other task demands have led to highly focused a t t en t ion- -  

also adaptively sensible. The mechanism for delaying the 

servicing of  an abrupt onset may involve the setting of prior- 

ities that mandate the place where attentional resources must 

be committed. 

The notion that priority signals are generated and queued 

to be serviced by the system as resources become available 

accounts for the results of  Experiment 4 in which a to-be- 

ignored onset stimulus evidently had a higher priority than a 

to-be-ignored no-onset stimulus did. In addition, this account 

provides an explanation for the advantage of  onsets over no- 

onsets in the invalid conditions of  Experiments 1 and 3. 7 In 

those conditions attention was focused on a position not 

containing a target 'letter; the effect of  onset versus no-onset 

on target identification could have been mediated by a per- 

sisting code specifying higher priority for the onset than the 

no-onset items. 

One possible computat ional  mechanism that could support 

this kind of  scheme was proposed by Koch and Ullman 

(1985). According to their model, visual information occu- 

pying the position in the visual field of  highest salience or 

conspicuity is marked and passed on to a central representa- 

tion that is responsible for further stimulus analysis. The 

priority code generated by an onset detector could easily be 

incorporated into this scheme and serve to activate nodes in 

Koch and Ullman's  "saliency map"  at the position of  an 

abrupt onset. The even higher priority associated with a cued 

location could be represented on the saliency map as well. 

7 We thank Jeff Miller for pointing this out. 
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