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ABSTRACT—Attentional capture refers to the observation

that some events break through and attract one’s attention

even when one is engaged in a task for which these events

are irrelevant. Previous research, focusing primarily on

spatial factors, has shown that a new object is more salient

in this regard than an abrupt change in an object’s fea-

tures. Here we show that feature changes can be as effec-

tive as new objects in capturing attention, provided that

they occur during a period of temporal calm. Conversely,

both feature changes and new objects are far less effective

in capturing attention when they occur simultaneously

with other display changes, such as coincident with the

initial onset of the display or with small visual transients

that occur during a display transition. These results high-

light the importance of considering both space and time in

studies of attentional capture; the most effective stimulus is

unique in both dimensions.

The focus of people’s attention depends greatly on their goals

and expectations (Folk, Remington, & Johnston, 1992; Folk,

Remington, & Wright, 1994). Yet some events still break through

and interrupt observers, regardless of their current task set.

What governs this bias to novelty? The most widely accepted

view, the new-object hypothesis, states that only events that signal

the appearance of a new object are effective in capturing at-

tention (Yantis & Hillstrom, 1994; Yantis & Jonides, 1984).

Studies consistent with this hypothesis have shown that abrupt

changes to the features of already-registered objects often do not

capture attention (e.g., changes in color—Jonides & Yantis,

1988; Theeuwes, 1990, 1995; changes in luminance—Enns,

Austen, Di Lollo, Rauschenberger, & Yantis, 2001; changes in

motion—Hillstrom & Yantis, 1994; Yantis & Egeth, 1999).

Yet there are challenges to the new-object hypothesis, spe-

cifically from reports that feature changes sometimes capture

attention. For example, Turatto and Galfano (2000, 2001) re-

ported that a color change captured attention when visual search

participants were relatively inexperienced. Horstmann (2002)

reported that a color change captured attention when it was

surprising. Franconeri and Simons (2003) reported that several

types of motion captured attention, provided their onset pre-

ceded the display transition by 150 ms, whereas Abrams and

Christ (2003) argued that the critical factor was onset of motion,

not motion per se. Franconeri, Hollingworth, and Simons (2005)

used dynamic occlusion to show that new objects captured at-

tention only when they were accompanied by abrupt luminance

transients.

These results leave open the possibility that the neural signals

from features changes that capture attention have a slower time

course than the signals from feature changes that do not capture

attention. For example, if color is signaled by relatively slow

parvocellular neurons and luminance transients by relatively

fast magnocellular neurons (Breitmeyer & Ganz, 1976; Lennie,

1993), then color changes may have to occur earlier than object

onsets to have comparable effects. Similarly, if changes in an

existing object are signaled more slowly than the onset of a new

object (Kahneman, Treisman, & Gibbs, 1992), they would have

to occur earlier to be equally effective in capturing attention.

Perhaps abrupt feature changes are simply weaker exogenous

cues than are object onsets (Posner, Snyder, & Davidson, 1980).

We refer to these differential-latency ideas collectively as the

delayed-signal hypothesis.

Here we point to a temporal factor that is critical to the capture

of attention, over and above any of these considerations. In short,

we propose that attention is captured by events that are tem-

porally unique, and we refer to this as the unique-event hy-

pothesis. The results of two experiments show that some feature

changes capture attention as effectively as new objects do,

provided that they occur when the rest of the display is static.

Conversely, these same feature changes do not capture attention

when they occur simultaneously with other display changes,

such as the sudden onset of all items or the deletion of some line
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segments in all items. The results show that the unique-event

hypothesis applies not only to changes in color and in motion

(Experiment 1), but also to the sudden onset of new objects

(Experiment 2).

We used the preview-search method (Todd & Van Gelder,

1979; Yantis & Jonides, 1984), in which participants first see a

circular preview display of figure eights that remain on view for 1

s. Between two and four line segments of each figure eight are

then deleted to reveal a search display of letters; we refer to this

change as the display transition. Two letters are arbitrarily de-

signated as targets for report. Attentional capture is indexed by

the relative ratio of response time (RT) slopes, taken over the

number of letters in the display, for two different types of targets.

The numerator in the ratio is the RTslope from target letters that

replace figure eights in the display (unchanged), and the de-

nominator is the RT slope from target letters that suddenly ap-

pear in empty preview locations or that undergo a sudden change

in color or motion (changed). This index is based on the as-

sumption that when a unique item draws attention to itself, it will

slow search if it happens to be one of the distractor letters, and it

will speed search if it happens to be the target.

EXPERIMENT 1

We first tested the effectiveness of abrupt changes in color and

motion with the four conditions shown in Figure 1a. These ex-

perimental conditions were compared with a baseline onset

condition in which a new item always appeared during the

display transition. They are labeled according to the time that

elapsed between the display transition and the change in an

item. In two conditions, the unique item was presented simul-

taneously with other display events, either at preview onset

(�1,000 ms) or at the display transition (0 ms). In the other two

conditions, the unique item appeared either shortly before

(�150 ms) or shortly after (1150 ms) the display transition.

The new-object hypothesis predicts that none of these con-

ditions should produce attentional capture because there are no

new objects. The delayed-signal hypothesis predicts that feature

changes will be effective only when they occur in advance of the

display transition. In contrast to both of these hypotheses, the

unique-event hypothesis predicts that attentional capture will

be stronger when a feature change occurs just before, or even

just after, the display transition than when it occurs simulta-

neously with other display changes.

The color change involved a combined change in hue (gray to

red) and luminance (bright to dark). Pilot tests, consistent with

many previous reports, showed that this change did not capture

attention when it occurred simultaneously with the display

transition. The abrupt motion change involved a circular motion

pattern of one of the letters, in order not to confound variations in

motion with differences in the configuration of the search dis-

play. Pilot tests also showed that the target letter was still readily

identified when it was moving in this circular pattern, provided

that the item was stationary for a brief period immediately before

or after the display transition. Accuracy was reduced somewhat

when the target letter was in constant motion, but this was not a

condition under which we tested accuracy in this study.

Method

Participants

One hundred five participants (78 women, age range: 18–44

years), all reporting normal or corrected-to-normal visual acuity,

received extra course credit for participating in a 1-hr session.

None were aware of the purpose of the study.

Stimuli

Displays were presented on a Dell 17-in. CRT monitor (600�
800 resolution, 85 Hz) controlled by a Pentium III-300 computer

running Presentations software (Version 0.76). Participants sat

with their eyes 57 cm from the screen in a dimly lit room (total

screen: 321 � 241). A preview display of figure eights was fol-

lowed by a search display of letters. Letters were randomly

distributed among eight locations, evenly spaced on an imagi-

nary circle at an eccentricity of 5.51. The target (H, U) and

distractor (E, P, S, C, F, L) letters were selected randomly and

equally often, with the constraint that only unique letters were

presented on a given trial. On every trial, one of the display items

underwent a unique change, but the location of this change did

not predict target location.

Letters were obtained by erasing two to four of the line seg-

ments from each figure eight. Items were 21� 1.21, lines were 1

pixel wide and colored either light gray (luminance 5 40 cd/m2)

or red (luminance 5 12 cd/m2). The background was black

(luminance 5 0.5 cd/m2). In the color-change condition, we

attempted to equate the relative salience of the gray and red

items against the black background by reducing the luminance

of the unique red hue relative to the gray hue of the remaining

letters. Note that previous studies have reported failures of

capture for even more extreme changes in luminance (Enns

et al., 2001). In the motion-change condition, one item moved in

a circle (diameter 5 0.571) at a speed of 121/s. At the display

transition, the moving item was always ‘‘aligned’’ (i.e., same

eccentricity) with the other items.

Procedure

Participants rapidly pressed one of two keys to report each target

letter, while maintaining response accuracy of at least 95%. A

trial began with the presentation of three, five, or seven place-

holders. After 1,000 ms, line segments were removed to reveal

letters. In the onset condition, one new letter appeared in an

unfilled location at the display transition. In the color-change

condition, one of the original items changed color either (a)

1,000 ms before, (b) 150 ms before, (c) simultaneously with, or

(d) 150 ms after the display transition. In the motion-change

condition, one of the original items either (a) began moving
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1,000 ms before the display transition and stopped at the display

transition, (b) began moving 150 ms before the display transition

and stopped with it, (c) began moving at the display transition

and continued moving until the response, or (d) began moving at

the display transition and stopped moving 150 ms after the

transition, making movement offset a unique event. Participants

received 45 practice trials prior to testing, which occurred in

blocks of 45 trials, with short breaks between blocks.

Design and Analysis

Different participants were tested in each of the four timing

conditions and in the color- and motion-change conditions. All

Fig. 1. Experiment 1: illustration of the stimulus sequences (a) and results for the color-change (b) and motion-
change (c) conditions. In the feature-change conditions, a unique color or motion change occurred in one of the
items (circled for illustrative purposes here) at one of four possible times: in the preview display (�1,000 ms), just
prior to the display transition (�150 ms), at the display transition (0 ms), or just after the display transition (150
ms). The millisecond values on the bottom of the illustrated stimulus sequences are labels for the timing conditions;
the millisecond values on the right indicate the passage of time in each sequence. In the graphs, attentional capture
is indexed by the ratio of the response time (RT) slope on trials in which the target was an unchanged item to the RT
slope on trials in which the target was a unique item. The dotted lines represent the standard attentional-capture
effect in the onset condition.
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participants were also tested in the onset condition in order

to assess their susceptibility to attentional capture. Onset and

feature-change conditions were run in separate sessions, in a

counterbalanced order. In each session, display size (3, 5, or 7)

and target type (change item or no-change item) were varied

randomly. Each session had 450 trials, divided into 90, 150, and

210 trials for display sizes of 3, 5, and 7, respectively. Thus, for

each display size, there were 30 trials in which the target was the

change item, and 60, 120, or 180 trials (for display sizes of 3, 5,

and 7, respectively) in which the target was the no-change item.

Median correct RT was calculated for each participant, con-

dition, target type, and display size. RT slope was obtained

through linear regression. The index of attentional capture was

the ratio of the RT slope when the target was an unchanged item

to the RT slope when the target was a unique item. Because this

study was aimed at determining the conditions under which

color and motion changes were as effective as sudden onsets in

causing attentional capture, only data from participants with a

capture index significantly greater than 1.0 in the onset condi-

tion were included. This procedure eliminated 7 participants.

Analyses of variance (ANOVAs) were used to examine the be-

tween-participants factors of timing (�1,000 ms, �150 ms,

0 ms, or 1150 ms), testing order (onset or feature-change con-

dition first), and feature context (onset condition paired with

color- or motion-change condition), in addition to the within-

participants factors of target type and display size.

Results

Errors

Because the main dependent measure is correct RT, it is impor-

tant to know if participants were trading response speed for ac-

curacy. The data for mean errors, shown in Table 1, indicate that

this was not a problem. Errors occurred on only 3.1% of trials, and

they were slightly positively correlated with RT, rs(96) 5 .18;

when responses were slower, they also tended to be less accurate

(see error and correct-RT data in Tables 1 and 2, respectively).

Sudden-Onset RT

The RT slopes for the no-onset and onset targets in the onset

condition were 30.0 and 10.1 ms/item, respectively, generating a

capture index of 3.0. This value served as a baseline for com-

parison with performance in the color- and motion-change

conditions. ANOVA revealed significant effects of target type,

F(1, 80) 5 240.42, p < .001, Z2 5 .75, and display size, F(2,

160) 5 173.38, p < .001, Z2 5 .68, as well as a Target Type �
Display Size interaction, F(2, 160) 5 78.06, p< .001,Z2 5 .49.

In addition, RT was generally faster in the second session (M

5 618 ms) than in the first (M 5 653 ms), F(1, 80) 5 4.11, p <

.05, Z2 5 .05, and there was a significant interaction of testing

order and target type, reflecting a larger difference between no-

onset and onset RTs in the first session (mean difference 5 101

ms) than in the second session (mean difference 5 64 ms), F(1,

80) 5 11.92, p < .001, Z2 5 .01. Most important, the Target

Type � Display Size interaction, reflecting the capture index,

was not significantly affected by testing order, feature context, or

timing.

Color-Change RT

The attentional-capture index for color-change trials was cal-

culated separately for each timing condition, based on the mean

RT slopes for no-change and change targets. Figure 1b shows

TABLE 1

Mean Percentage Errors

Timing and target

Display size

3 5 7

Sudden onset (Experiment 1)

0 ms

Onset 4.3 3.0 2.9

No-onset 6.3 2.2 2.2

Color change (Experiment 1)

�1,000 ms

Change 2.6 2.1 1.7

No-change 1.9 2.5 2.5

�150 ms

Change 3.1 2.2 1.9

No-change 1.7 3.9 2.2

0 ms

Change 2.5 2.4 2.1

No-change 1.9 2.2 1.7

1150 ms

Change 2.8 1.7 2.4

No-change 1.7 2.5 1.9

Motion change (Experiment 1)

�1,000 ms

Change 7.4 5.8 5.3

No-change 5.3 4.7 2.5

�150 ms

Change 4.7 2.7 2.9

No-change 2.8 2.2 1.9

0 ms

Change 6.5 6.0 5.1

No-change 3.9 5.0 4.2

1150 ms

Change 4.2 2.7 2.5

No-change 3.3 3.6 3.9

Sudden onset (Experiment 2)

�150 ms

Onset 5.2 — 2.7

No-onset 3.7 — 2.6

0 ms

Onset 2.2 — 2.4

No-onset 2.4 — 2.8

1150 ms

Onset 4.4 — 3.0

No-onset 1.8 — 2.4
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that attention was captured in the �150-ms and the 1150-ms

conditions, but not in the �1,000-ms and the 0-ms conditions.

This was confirmed by ANOVA: The Target Type� Display Size

interaction was significant in the �150-ms condition, F(2, 22)

5 5.34, p< .05, Z2 5 .33, and the 1150-ms condition, F(2, 22)

5 5.78, p< .01, Z2 5 .34, but not in the�1,000-ms condition,

F(2, 22) 5 0.08, Z2 5 .01, or the 0-ms condition, F(2, 22) 5

1.13, Z2 5 .09. ANOVA comparing the color-change condition

directly with the onset condition also supported this interpre-

tation. The three-way interaction of Change Type (onset or color)

� Target Type� Display Size was significant in the�1,000-ms

condition, F(2, 212) 5 8.77, p < .001, Z2 5 .08; marginally

significant in the 0-ms condition, F(2, 212) 5 2.76, p < .10, Z2

5 .03; and not significant in the �150-ms condition, F(2, 212)

5 0.19, or the 1150-ms condition, F(2, 212) 5 0.04. These

interactions point to a reduction in capture in the �1,000-ms

and 0-ms conditions. Testing order had no significant influence

either as a main effect or in interaction with other factors.

Motion-Change RT

Figure 1c shows the attentional-capture index for motion-

change trials in each timing condition. As in the color-change

condition, attention was captured in the �150-ms and the

1150-ms timing conditions, but not in the �1,000-ms and the

0-ms timing conditions. ANOVA indicated a significant Target

Type� Display Size interaction in the�150-ms condition, F(2,

22) 5 15.19, p < .001, Z2 5 .58, and the 1150-ms condition,

F(2, 22) 5 6.13, p < .01, Z2 5 .36, but not in the �1,000-ms

condition, F(2, 22) 5 0.12, or 0-ms condition, F(2, 22) 5 1.40.

ANOVAs that included the within-subjects factor of change type

(onset or motion) revealed a significant three-way interaction in

the�1,000-ms condition, F(2, 212) 5 9.05, p< .001, Z2 5 .08,

and in the 0-ms condition, F(2, 212) 5 9.81, p< .001,Z2 5 .08,

but not in the �150-ms condition, F(2, 212) 5 1.68, or the

1150-ms condition, F(2, 212) 5 0.13. As in the color-change

condition, capture was reduced when the change occurred 1,000

ms before or simultaneously with the display transition. Testing

order was not significant, either as a main effect or in interaction

with other factors.

EXPERIMENT 2

Experiment 1 showed that feature changes are very effective in

interrupting a search task, provided that the changes occur

during a period of temporal calm. The fact that these changes

were effective not only when they occurred before the transition

from preview to search display, but also when they occurred after

this transition, indicates that feature changes are not merely

signaled more slowly than sudden onsets by the visual system.

Instead, this finding is consistent with the unique-event hy-

pothesis, which is premised on the uncontroversial idea that the

visual system is tuned very sensitively to change along many

dimensions. Also, the capture index was as strong for new ob-

jects (with their attendant strong transients that activate mag-

nocellular neurons) as it was for color changes (activating the

slower parvocellular neurons), which suggests that visual search

is interrupted at a place in the visual system that is beyond the

influence of low-level differences in signal speed. This inter-

pretation is consistent with previous reports that visual search is

performed on relatively high-level representations (Cavanagh,

Arguin, & Treisman, 1990; Enns & Rensink, 1990; Rensink &

Enns, 1995, 1998; Trick & Enns, 1997).

TABLE 2

Mean Correct Response Time

Timing and
target

Display size
Response
time slope

Capture
index3 5 7

Sudden onset (Experiment 1)

0 ms

Onset 576 591 616 10.1 3.0

No-onset 618 673 738 30.0

Color change (Experiment 1)

�1,000 ms

Change 600 676 736 34.1 0.9

No-change 622 687 745 30.6

�150 ms

Change 585 632 633 11.8 2.9

No-change 665 712 802 34.3

0 ms

Change 554 626 655 25.1 1.3

No-change 609 687 744 33.8

1150 ms

Change 551 590 607 13.9 2.4

No-change 571 644 702 33.0

Motion change (Experiment 1)

�1,000 ms

Change 617 679 746 32.3 0.9

No-change 623 668 740 29.1

�150 ms

Change 582 605 611 7.2 4.6

No-change 632 684 764 33.0

0 ms

Change 615 678 755 35.0 1.0

No-change 620 683 755 33.7

1150 ms

Change 609 640 663 13.4 2.5

No-change 629 692 764 33.7

Sudden onset (Experiment 2)

�150 ms

Onset 619 — 657 9.5 3.5

No-onset 644 — 779 33.6

0 ms

Onset 596 — 689 23.3 1.4

No-onset 641 — 773 33.0

1150 ms

Onset 717 — 778 12.8 2.4

No-onset 634 — 754 30.1
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But does the unique-event hypothesis also apply to the sudden

appearance of new objects? Pilot tests indicated that blocking

conditions in which new objects appeared before, during, and

after the display transition resulted in ceiling effects, because

all three conditions yielded strong capture. To facilitate their

direct comparison, we used a mixed-trial design in which the

three kinds of events occurred randomly within a block of trials.

Method

Twelve participants (10 women, age range: 19–27 years) were

tested with methods identical to those for the onset condition of

Experiment 1, with the exception that three timing conditions

were randomly interleaved. The sudden-onset item was pre-

sented either (a) 150 ms before, (b) simultaneously with, or (c)

150 ms after the display transition (see Fig. 2a). The�1,000-ms

condition was omitted because the added item was not unique

when it appeared along with the figure eights. Only two display

sizes (3, 7) were tested in an effort to maximize the amount of

data collected for the three interleaved timing conditions. A

total of 720 trials was subdivided into 240 trials for each timing

condition. The 72 trials with a display size of 3 included 24 trials

with onset targets and 48 trials with no-onset targets, and the

168 trials with a display size of 7 included 24 trials with onset

targets and 144 trials with no-onsets.

Results

Participants were again very accurate, making errors on only

3.0% of trials (Table 1), and errors were positively correlated

with RT (Table 2), rs(12) 5 .20. Figure 2b shows the capture

index for each timing condition. As was the case for feature

Fig. 2. Experiment 2: illustration of the stimulus sequences (a) and results (b). As shown in the
illustration, the onset of the new object occurred at one of three different time points in the se-
quence. The millisecond values on the bottom of the illustrated stimulus sequences are labels for the
timing conditions; the millisecond values on the right indicate the passage of time in each sequence.
In the graph, attentional capture is indexed by the ratio of the response time (RT) slope on trials in
which the target was an unchanged item to the RT slope on trials in which the target was the new
item. The dotted line represents the attentional-capture effect in the blocked onset condition in
Experiment 1.
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changes, attention was captured strongly when a new item ap-

peared either shortly before or shortly after the display transi-

tion, but it was captured much less strongly when the new item

appeared simultaneously with the transition. ANOVA indicated

a significant Target Type � Display Size interaction in the

�150-ms condition, F(1, 11) 5 15.41, p< .01, Z2 5 .58, and in

the 1150-ms condition, F(1, 11) 5 12.78, p< .01,Z2 5 .54, but

not in the 0-ms condition, F(1, 11) 5 1.77, Z2 5 .14. An

ANOVA that included timing (�150, 0, or 1150 ms) as a factor

revealed an additional significant interaction of timing and

target type, F(1, 11) 5 19.50, p < .001, Z2 5 .64, and a mar-

ginally significant interaction of timing and display size, F(2,

22) 5 2.75, p < .10, Z2 5 .20. These interactions reflected

decreased attentional capture in the 0-ms condition relative to

the other two conditions. The difference in capture between the

�150-ms and the 1150-ms conditions was not significant,

Timing � Target Type � Display Size, F(2, 22) 5 1.44, Z2 5

.12, but the difference between the 0-ms and the �150-ms and

1150-ms conditions was significant, as indicated by a quadratic

trend, F(1, 11) 5 4.44, p < .05, Z2 5 .16.

GENERAL DISCUSSION

This study reveals an important and previously neglected factor

in the capture of attention by sudden, local display changes.

Attention is captured most strongly when these changes occur

against the background of an otherwise static display. Indeed,

the results show that abrupt changes in the color or motion of an

object are very effective in capturing attention, as is the abrupt

onset of a new object, provided that these events are temporally

unique. When the changes occur 150 ms before or after the

display transition, attention is strongly captured by color, mo-

tion, and object onset. However, when these changes coincide

with the display transition, or when they are present from the

beginning of the preview display, attention is much less likely to

be captured.

This pattern is predicted by the unique-event hypothesis,

which asserts that the visual system is sensitively tuned to

change along many dimensions. The results do not support the

new-object hypothesis, because it does not account for the ef-

fective capture by feature changes in already-registered objects

when the changes occur shortly before or after the display

transition. The delayed-signal hypothesis also fails to predict

these results in two ways: first, because it predicts that a unique

item in the preview display should be sufficient to draw attention

to itself (�1,000-ms condition) and, second, because it does not

explain the effective capture of attention by color and motion

changes that occur 150 ms after the display transition.

These results stand in sharp contrast to those of many previous

studies. One point highlighted by the present comparisons is

that the task context matters more than has previously been

appreciated. The same display sequences that produce atten-

tional capture in a blocked design (present Experiment 1:

sudden onset; Yantis & Jonides, 1984) do not capture attention

in the context of even more strongly capturing sequences (pres-

ent Experiment 2). This serves as a strong reminder that there is

no measure of capture that is unaffected by an observer’s goals

and expectations. The allocation of visual attention is likely

always determined by a subtle interplay between the opposing

forces of the observer’s immediate task set and the general bi-

ological readiness to detect novelty (Folk et al., 1992, 1994).

A related point is that small procedural differences can have

large consequences. For example, Abrams and Christ (2003)

reported that the onset of motion at the display transition cap-

tures attention under conditions quite similar to those we used.

Yet the motion in their displays was quite crude (display updated

every 67 ms, 15 Hz) in comparison with the motion in the present

study (display updated every 20 ms, 50 Hz), and this may have

accentuated the attention-capturing quality of their motion

signal. Similarly, Theeuwes (1995, Experiment 3) reported no

capture by a color change even when it occurred 100 ms before

the display transition. But in that study, the item that changed

color was also never the target item, giving participants greater

incentive to ignore it.

The most important finding of the present study is that at-

tentional capture cannot be predicted solely by the spatial sa-

lience of an item. The most effective attention-capturing events

are unique in both space and time. Previous research likely

missed this point because it focused on spatial factors, that is, on

the differences in the way color, luminance, shape, and motion

were arranged geometrically in the display. ‘‘Salience’’ was

based on an analysis of these spatial features frozen in time. Yet,

in the present study, whether or not an event captured attention

was determined as much by its temporal as by its spatial

uniqueness. Potentially salient spatial features did not capture

attention when they were presented well in advance of the

search display, nor when they appeared simultaneously with the

display transition. From our perspective, this is because there

was display-wide noise coincident with the feature change (i.e.,

the onset of the entire display at �1,000 ms and the deletion of

line segments from all the preview items at 0 ms). These same

spatial differences captured attention very effectively when they

occurred immediately before or after the display transition.

The present results help to resolve a long-standing paradox

regarding exogenous orienting as indexed by attentional capture

(Egeth & Yantis, 1997) versus attention cuing (Posner et al.,

1980). As mentioned in the introduction, the attentional-capture

literature has been dominated by results favoring the new-object

hypothesis. In apparent contradiction to this hypothesis, atten-

tion-cuing studies have routinely reported the effectiveness of

orienting to nonpredictive luminance increments and motion

changes in existing display items. The cues are presented in

advance of the target event and against the background of an

otherwise calm visual display. These are precisely the condi-

tions that gave rise to maximum attentional capture in the pres-

ent study. The unique-event hypothesis therefore accounts for
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both the success of attentional cuing when salient changes occur

in existing display items and for the failure of attentional capture

when salient changes suddenly appear in the context of a spa-

tially and temporally noisy background.

We also note that not all aspects of the new-object hypothesis

are disconfirmed by the present results (see also Rauschen-

berger, 2003). Although the findings are clear in revealing the

temporal conditions under which feature changes are maximally

effective, new objects were still more effective than feature

changes when they occurred during the display transition

(compare the RT-slope ratio for onset and feature-change con-

ditions at 0 ms in Experiment 1). That is, new objects were more

effective than changes in color or motion in signaling through

the noise of the line-segment deletions that occurred at that

time. This means that there are some differences between the

salience of new onsets and feature changes that remain to be

understood. What the present results make clear is that re-

searchers’ understanding will not be complete until temporal

and spatial factors are given equal consideration.
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