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The control of attention by abrupt
visual onsets and offsets

JEFF MILLER
University of California, San Diego, La Jolla, California

A letter can be presented visually either by the abrupt appearance of lines that make up the
letter (onset transient) or by the abrupt disappearance of extra lines from a form in which the
letter is embedded (offset transient). Recent evidence from visual-search tasks has suggested that
onset transients have absolute priority over offset transients with respect to the allocation of
visual attention. Specifically, these studies have found that a single onset-transient target letter
pops out of a background of offset-transient distractor letters (i.e., time to detect the target is
independent of the number ofdistractors), which indicates that attention is automatically directed
to the location of an onset-transient stimulus even when there are competing offset transients
(Yantis & Jonides, 1984). Because of the way the offset letters were created, however, the total
display change (number of offset line-segments plus number of onset line-segments) was greater
for onset than for offset letters. Thus, onset targets might have popped out because they produced
greater overall display changes rather than because they were the only letters with onset tran
sients. In the present study, a figure that included more offset-transient line segments in the
offset-transient letters was used. Under these conditions, onset-transient targets did not pop out
of a background of offset-transient distractors. It is suggested that visual attention may be in
fluenced by total display change and, therefore, that onset transients are not necessarily suffi
cient to control attention when there are many competing offset transients.

It is quite clear that attention to a visual location can
facilitate detecting, identifying, and responding to
whatever stimulus is presented there (e.g., Johnston &
Dark, 1986). This basic fact has generated an extended
debate about the level(s) in visual processing at which at
tention has its effect(s) (see Duncan, 1981; Kahneman &
Treisman, 1984). A question of somewhat more practi
cal importance for the design of visual displays, however,
is what controls the allocation of attention to particular
locations in visual space.

To a large extent, visual attention is controlled volun
tarily (e.g., James, 1890), and the mechanisms for this
type of attentional control have been studied extensively
(e.g., Eriksen & Hoffman, 1972; Shaw & Shaw, 1977).
Less consideration has been given to the control of atten
tion by factors external to the perceiver, although it is clear
that attention is influenced by such factors as stimulus con
figuration (Bartram, 1978), objectness (Duncan, 1984),
and task demands (e.g., LaBerge, 1983).

Abrupt changes in the visual field (i.e., visual transients)
seem to have some of the strongest effects on visual at
tention of any external factors (e.g., Breitmeyer & Ganz,
1976; Hoffman, Nelson, & Houck, 1983). Yantis and
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Jonides (1984) have provided an excellent review of the
evidence from a variety of domains that supports this
claim. For example, Jonides (1981) showed that atten
tion can be directed to a given location much faster and
more effortlessly by a peripheral flash in that location than
by a central cue to the location.

Given that attention is attracted by abrupt changes in
the visual field, it is natural to ask whether attention
responds both to abruptly appearing stimuli (onset tran
sients) and to abruptly disappearing stimuli (offset tran
sients). In principle, attention might be attracted either
by onset transients only, by offset transients only, or by
both types of transients (i.e., to any change in the visual
field). Several psychophysical studies have found that pe0
ple are very sensitive to both types of transients (e.g.,
Phillips & Singer, 1974; Stelmach, Bourassa, & Di Lollo,
1984), and there is evidence of separate single units that
respond independently to the two types of transients in
the lateral geniculate nucleus (e.g., Schiller, 1984). Based
on these findings, one might expect that onset and offset
transients would both attract visual attention effectively.

However, Yantis and Jonides (1984) have concluded
that onset transients are much more powerful attention
attractors than are offset transients. In that study, a visual
search task was used, in which subjects were asked to in
dicate the presence or absence of a target letter as soon
as possible after presentation of a visual display that con
tained either two or four letters. One letter was always
presented as an onset transient; this letter appeared sud-
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denly in what had previously been a blank area of the dis
play. The other letter(s) in the display were presented as
offset transients. Specifically, these letters appeared when
lines were removed from a figure-8 premask (see
Figure lA) which had previously been presented in that
area of the display. The letters E, H, P, S, and U were
used as stimuli, so that all stimuli could be created by
removing lines from this premask.

Yantis and JoDides (1984) found that when the target
was the only onset-transient letter in the visual display,
the number of offset-transient distractors had no effect
on target-detection time. This finding suggests that atten
tion is automatically directed toward onset transients even
when several offset transients are present in the display.
In this situation, attentional capture caused the onset
transient letter to be examined first, thus preventing any
effect of offset-transient distractors. In more recent work,
JoDides and Yantis (1988) also found that onset transients
seem unique in their ability to command attentional
responses. Specifically, they found that the display-size
effect was not eliminated when targets were different from
distractors in brightness or color, rather than in the
presence of onset transients.

The finding that onsets dominate offsets in attentional
capture is suggestive about the neural mechanisms that
subserve attentional control. This finding indicates that
the activity of onset detectors gates out the offset detec
tors. Therefore, these results cannot be reconciled with
a model in which these two types of detectors have in
dependent (though not necessarily equal) inputs into the
mechanism that controls attention.

Before accepting an interactive model, however, it
should be noted that the experiments of Yantis and JoDides
(1984) contain a confound that may have contributed to
the dominance of onset transients in their subjects. Spe
cifically, the stimuli used in the onset condition appear
to have produced a much ISlfger total visual change (num-

ber of offsets plus number of onsets) than those used in
the offset condition. Based on the results of Rumelhart
(1970, 1971), it seems reasonable to regard the premask
as an amalgamation of seven line segments. Each of the
offset letters can be made by removing only two of the
segments from the premask, whereas each onset stimu
lus requires the addition of five line-segments to the dis
play. Thus, the total number of line segments that changed
state (on vs. oft) was considerably larger for onset stimuli
than for offset stimuli. 1

The purpose of the experiments reported here was to
investigate the importance of this overall change con
found. In Experiment 1, the premask was augmented as
shown in Figure lB. If onsets can dominate any number
of offsets, then popout (detection of the onset target in
dependent of the number of detractors) should occur even
with this augmented premask. If total display change is
a factor and onsets do not automatically dominate offsets,
then popout may disappear with this premask due to the
increase in the number of offset transients. 2

EXPERIMENT 1

This experiment was modeled closely after the visual
search task used in Experiment 1 of Yantis and JoDides
(1984). At the beginning of each trial, subjects were
shown a single target letter. They were subsequently
shown a test display of two or four letters, and they
pressed one response key if the target was present in the
test display and another key if it was not present. One
letter in the test display was always presented as an onset
transient, and the other one or three letters were presented
by removing lines from a premask (offset transients). The
major change from the procedure of Yantis and JoDides
(1984) was the use of the premask shown in Figure lB,
rather than the premask shown in Figure lA, in order to
produce a greater display change with offset-transient
letters.

Figure l. The letters E, F, D, S, and U can be revealed by remov
ing lines (offset tr&lL'iients) from these premask figures. In such
a display these letters are presented with only offset tralL'iients.
Premask A was used by Yantis and Jonides (1984) and in Experi
ment 2 of the present paper. Premask B was used in Experiment 1
of the present study.

A B

Method
Subjects.The subjects were 34 undergraduates at the University

of California, San Diego, whose participation was in partial ful
fillment of a course requirement. Two subjects were eliminated for
responding at chance levels, and 1 subject's data were lost because
of computer malfunction.

Stimuli. The stimuli were presented and responses and response
latencies were recorded by an mM PC-eompatible computer
equipped with an enhanced graphics adapter and attached to an NEC
Multisync display monitor. The subjects viewed the display from
a distance of about 60 cm, and responses were made by pressing
the Z and / (slash) keys on the standard computer keyboard with
their left and right index fingers.

The stimuli were the upper case letters E, H, P, S, and U, each
of which could be made by deleting lines from the premask. Be
cause of concern with the exact stimulus parameters, two different
sizes ofletters and premasks were used. The large letters were 4.6 0

'

high and 2.4 0 wide, and the small ones were 2.1 0 high and 1.4 0

wide. The lines that made up both sizes of letters and premasks
were 0.3 0 thick.

Stimulus letters and premasks were presented with their centers
at the points of an imaginary hexagon, with each center about 5.75 0



from fixation. Premasks and offset letters were always presented
at the top, lower-left, and lower-right points of the hexagon, and
onset letters were presented at the bottom, upper-left, and upper
right points.

Procedure. Each subject was tested in a single session that lasted
about 50 min. The session consisted of four identical blocks of 128
trials. The first block was preceded by 20 randomly selected warm
up trials, and subsequent blocks were each preceded by four ran
domly selected warmup trials.

As in the proceddre of Yantis and Jonides (1984), each trial be
gan with a I-sec presentation, in the center of the display, of the
target letter for that trial. This target letter was about 1.5° high
and 0.9° wide, and it was drawn with lines of minimal thickness
(less than 0.05°). One-half second after the offset of the target let
ter, a fixation point appeared in the center of the display, and the
premasks appeared at the top, lower-left, and lower-right points
of the imaginary hexagon. One second after the appearance of the
fixation point and premasks, a single onset stimulus appeared at
one of the three empty comers of the hexagon, and lines were re
moved from the premasks to le-.llve either one or three offset let
ters. (When only one offset letter was presented, the other two pre
masks disappeared completely.) The display of letters remained on
the screen until the subject made a keypress response, at which time
accuracy feedback was given for 600 msec following correct
responses and for 1,200 msec following errors. The next trial be
gan after an intertrial interval of about 500 msec.

Within each block, half of the trials had two letters in the display
and half had four letters. For each display size, half of the trials
had a single target letter present, and the other haIf did not. In two
letter displays (one onset letter and one offset), the target was equally
likely to be the offset letter or the onset letter. In four-letter dis
plays (one onset letter and three offset), the target was equally likely
to be any of the four letters, so it was an offset letter three times
as often as it was an onset letter. These probabilities were used to
avoid giving subjects any incentive to voluntarily pay attention to
the onset transient letter, as discussed by Yantis and Jonides (1984).

Results and Discussion
Average reaction time (RT) and percentage of correct

responses were computed for each subject and condition.
Averages of these values as a function of display size and
target type are shown in Table 1.

Display size had a 26-msec effect for onset-transient
targets, and this effect was highly reliable in an analysis

Table 1
Mean Reaction Time (RT) (in msec) and Percentage of Correct

Responses (PC) as a Function of Display Size and
Target Location in Experiments 1 and 2

Target Type

Onset Transient Offset Transient No Target

Display Size RT PC RT PC RT PC

Experiment I

2 letters 612 95 641 94 704 94
4 letters 638 94 686 95 773 93
Difference 26 1 45 -1 69 I

Experiment 2

2 letters 652 97 689 95 752 %
4 letters 661 96 135 94 812 96
Difference 9 I 46 1 60 0

ONSET AND OFFSET TRANSIENTS 569

that included the additional factors of trial block and let
ter size [F( 1,30) =: 7.9, P < .01]. Thus, onset-transient
targets did not pop out of a background of offset-transient
distractors when the latter were produced by a sufficient
number of offset transients. This finding supports the p0

sition that overall display change is an important deter
minant of attentional control, and it disconfirms the posi
tion that onsets are fully dominant over offsets in the
competition for attention.

To compare the results with onset- and offset-transient
targets, additional analyses were conducted on the target
present RT and percentage-of-eorrect-responses data with
factors of target transients (onset vs. offset), display size,
letter size, and trial block. As expected, practice produced
a significant effect of trial block in both analyses, but this
factor was not involved in any interactions. Onset-transient
targets were detected 39 msec faster than offset-transient
targets [F(1,30) = 50, P < .01], and, on average, tar
gets were detected 36 msec faster in displays of two let
ters than of four letters [F(1,30) = 44, P < -.01]. Al
though the effect of display size was substantially larger
for offset-transient targets (45 msec) than for onset
transient targets (26 msec), this interaction was only mar
ginally significant [F(l,30) = 3.02, p < .10]. Thus, there
is only weak evidence that onset-transient targets attract
attention better than do offset-transient targets with these
premasks. The results of the analysis of percentage of cor
rect responses preclude any interpretation of even this
weak interaction, however, because the effect of display
size on percentage of correct responses was significantly
larger for onset- than for offset-transient targets [F(1,30)
= 6.54, p < .02]. Although this interaction was small,
it was present in 19 of 3I subjects (one tie), and it was
also highly significant in an analysis using the commonly
recommended arcsin transformation of percentage of cor
rect responses (Murdock & Ogilvie, 1968). Thus, the RT
effect that suggests better attention-attracting power for
onset-transient targets could well be due to speed-accuracy
trade-offs, especially because even small accuracy
criterion fluctuations can have large effects on RT when
accuracy is near 100% (Pachella, 1974).

The factorial analyses of the target-present data also re
vealed an interaction of letter size and target transients
in the RT data [F(I,30) = 6.53, p < .02]. With onset
transient targets, responses were 20 msec faster to large
letters than to small ones, and this difference was signifi
cant (p < .02) in the analysis that included only onset
transient targets. With offset-transient targets, there was
essentially no effect of letter size (responses were 3 msec
slower to large letters than to small ones), and the same
pattern was observed in target-absent trials.

With respect to the question of how transients attract
visual attention, the main fmding of the present study is
that unique onset transients may not attract attention when
substantial numbers of offset transients also occur. Both
types of transients probably attract attention to some ex-
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tent, so offset transients may sometimes provide too much
competition for onset transients to receive attentional
priority.

EXPERIMENT 2

Before concluding that the lack of popout in Experi
ment 1 was due to the extra offset transients provided by
the augmented premask (Figure IB), it is necessary to
consider the possibility that popout did not occur for some
other reason. Popout is a notoriously sensitive phenome
non (e.g., Duncan, 1983), and it is possible that a criti
cal detail of our apparatus or procedure was responsible
for the lack of popout in Experiment 1. A second experi
ment was therefore undertaken to replicate Experiment 1
using the premask of Yantis and Jonides (1984), shown
in Figure lA.

Method
The subjects were 35 new individuals recruited from the same

subject pool used in the previous experiment. The same apparatus
and procedure were used, with the only change being the form of
the premask.

Results and Discussion
Table 1 shows the average RT and percentage of cor

rect responses as a function of display size and target type.
The 9 msec effect ofdisplay size with onset-transient tar
gets did not approach significance [F(1,34) = 2.03,
P > .15], so it seems reasonable to conclude that the
onset-transient targets popped out of the display with these
premasks.

Whether or not we accept the null hypothesis regard
ing the effect of display size with onset-transient targets,
the change in the pattern of results from Experiment 1
clearly indicates the importance of the number of offset
transients. As a result of the change in the premasks, the
effect of display size had become clearly larger for offset
than for onset-transient targets [F(1,34) = 12.2,
P < .01].

Analyses across the two experiments provide further
support for the interpretation ofdifferences due to the pre
masks. 3 Consistent with the view that the extra offset tran
sients in Experiment 1 competed with onset transients for
attention, the difference between onset- and offset
transient targets was smaller in Experiment 1 than in Ex
periment 2 [F(1,60) = 5.98,p < .02]. Furthermore, in
an analysis that included only onset-transient targets, the
effect of display size was larger in Experiment 1 than in
Experiment 2, though this effect was only marginally sig
nificant [F(I,60) = 3.33, p < .10].

CONCLUSION

Onset-transient targets may popout of a background of
offset-transient distraetors. This popout can be eliminated,
however, when the offset-transient stimuli produce a to-

tal visual change (offsets plus onsets) similar to the onset
transient stimuli. For example, when offset-transient dis
tractors were produced by removing about six lines from
the premask (Experiment 1), detection ofonset-transient
targets was affected (i.e., popout was eliminated). This
result suggests that visual attention may be directed, at
least to some extent, by offset transients as well as by onset
transients. Thus, we must take issue with the suggestion
of Jonides and Yantis (1988) that onset transients are
unique in their ability to command attentional responses.

The present results are consistent, however, with the
suggestion that onset transients are more powerful than
offset transients in controlling attention. Even in Experi
ment 1, in which offset distractors were created with more
total display change than were onset flankers, the onset
flankers interfered more with the detection of targets.
Although this conclusion must be tempered somewhat by
the lack of an extemally validated metric for comparing
offsets with onsets, it seems likely that onsets have the
larger effects on attention, even though offsets do have
some control as well.

Once it is accepted that offset-transients have some
power to attract attention, a small puzzle arises. Consider
what happens when a premask disappears totally from a
display, leaving no residual stimulus. This event produces
the maximum total number of offsets from the premask,
and it might therefore be expected to be the most effec
tive attractor of attention that it is possible to construct
using offset transients. Clearly, however, disappearing
premasks did not interfere more with target detection than
did premasks that changed into letters. If they had, sub
jects would actually have been slower to find targets in
displays of two letters than in displays of four letters, be
cause the former contained two of the disappearing pre
masks that, by this hypothesis, should have been max
imally effective distractors. The question, then, is why
stimuli with more offsets (disappearing premasks) are less
effective distractors than stimuli with fewer offsets (pre
masks that change into letters).

There are at least two possible solutions to this appar
ent puzzle. One is that offset-transients do not attract
attention to a region in visual space, but rather attract
attention to a stimulus object. When no stimulus object
remains, offset transients might have no distracting ef
fect. The other possible explanation is that offset-transients
do attract attention to a region in visual space, but that
attention can move away from that region immediately
if it contains no stimulus to be analyzed. In this view, tran
sients may misdirect attention with little or no cost as long
as negligible time is spent in the processing of empty lo
cations and in the shifting of attention between locations.
The assumption of instantaneous attentional movement
seems implausible, but this model still merits some con
sideration given the controversy over how attention moves
in visual space (Eriksen & Murphy, 1987). Further
research will be necessary to discriminate among the pos
sible mechanisms of offset-transient effects.
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NOTES

I. The five-to-two ratio is not meant to be taken as the only possible
psychological representation of the total change, but merely as a plau
sible estimate. The point is that, for these premasks, the change would
be larger for onset than for offset letters in any reasonable metric.

2. This article will not attempt to settle the issue of whether onset
and offset transients are equally effective in attracting attention, but only
whether onset transients are fully dominant over offset transients. The
former issue is very difficult to resolve definitively at this time, because
it requires as yet unavailable techniques for equating the psychological
representations of the changes involved in onsets and offsets.

3. Only the first 31 subjects from Experiment 2 were used, so that
a simple, equal~ell-size ANOVA could be performed.
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