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Abstract—

 

Visual search for a conjunction target is made easier when
distractor items are temporally segregated over time to produce two
separate old and new groups (the new group containing the target
item). The benefit of presenting half the distractors first is known as
the preview effect. Recently, some researchers have argued that the
preview effect occurs because new stimuli capture attention. This ac-
count was tested in the present study by using a novel “top-up” condi-
tion that exploits the fact that when previews appear only briefly
before the search display, there is minimal preview benefit. We show
that effects of a brief preview can be “topped up” by an earlier expo-
sure of the same items, even when the preview disappears between its
first and second presentations. This top-up effect demonstrates that the
history of the old stimuli is important for the preview benefit, contrary
to the account favoring onset capture. We discuss alternative accounts

 

of how the preview benefit arises.

 

When observers search for a target defined by a conjunction of
color and form, performance is typically linearly related to the number
of distractors present, with slopes on the search functions on the order
of 25 to 30 ms/item (Treisman & Gelade, 1980). Such linear functions
have been interpreted in terms of a serial process, with attention allo-
cated sequentially to each item until the target is found (Treisman,
1999; though see Duncan & Humphreys, 1989; Humphreys & Müller,
1993; and Townsend, 1972, for alternative views). However, if the dis-
tractors in these displays are presented in separate temporal intervals,
search becomes much easier, even if the final display is the same as in
the standard conjunction condition. Watson and Humphreys (1997)
had participants search for a blue 

 

H

 

 among green 

 

H

 

 and blue 

 

A

 

 dis-
tractors. In a preview condition, they presented the green 

 

H

 

 distractors
for 750 ms or longer, and then added the blue letters (the distractors
and the target, when present) to the displays. Search slopes in the pre-
view condition were about half those in the standard conjunction con-
dition, and did not differ from the slopes found when only the blue
letters were presented. Thus, under this preview condition, observers
seem to attend only to the new letters, and the old distractors no longer
have an impact on search.

Various accounts have been proposed to explain why the preview
effect occurs, but these may be broadly divided into (a) those that
emphasize the importance of the new items and (b) those that em-
phasize the importance of the representational status of the old
items. An example of the first kind of account is provided by Donk
and Theeuwes (2001). They proposed that the preview effect results
from attentional capture by the new items (specifically, by the new
onsets in the search displays). It has been well documented that new

stimuli can be prioritized for selection if they onset abruptly, show-
ing a luminance increment (e.g., Müller & Rabbitt, 1989; Yantis &
Jonides, 1984). It is possible that onset capture by the new items
minimizes effects of the old preview items on search. Donk and
Theeuwes reported results consistent with this idea: They failed to
find a preview benefit when the new items were isoluminant with the
background, and so were not formed by new onsets.

Alternative proposals come from Watson and Humphreys (1997)
and from Jiang, Marks, and Chun (in press). Watson and Humphreys
argued that the preview benefit depends in part on the inhibitory filter-
ing of old distractors, a process they termed visual marking. They
originally suggested that inhibition was applied to the locations of the
old stimuli, reducing their impact on search when the new items were
presented at previously unoccupied positions. In addition, inhibition
may be applied across the old items on the basis of some common
property, such as their color (when the old and new items differ in
color), so enabling the old items to be filtered as a group. Color filter-
ing in conjunction search has been well documented (e.g., see Kaptein,
Theeuwes, & van der Heijden, 1995). In preview search, color-based
filtering may be particularly effective when the stimuli move (see Olivers,
Watson, & Humphreys, 1999; Watson & Humphreys, 1998). A group-
ing account has also been put forward by Jiang et al. (in press). They
argued that the temporal separation between the onsets of the new and
old items is used to segment the two sets of distractors, facilitating
search. It is also possible that temporal grouping is used along with
other forms of grouping (e.g., by common color or common motion;
see Olivers et al., 1999; Watson, 2001) to augment the inhibitory filter-
ing of distractors in search.

The main contrast between these last two accounts, which focus on
inhibitory filtering and grouping, and the former, onset-capture ac-
count is whether the history of the old items should matter for preview
search. According to an onset-capture account, the history of the old
items would not be important in producing a preview effect. We
sought to test this account using a novel “top-up” procedure. This pro-
cedure exploits two properties of the preview effect: (a) the relatively
long preview period needed to elicit the effect and (b) the fact that the
preview benefit is abolished when the old items undergo a transient
offset before appearing again with the new stimuli.

Take the first point. Watson and Humphreys (1997) demonstrated
that the preview benefit takes a relatively long time to become estab-
lished. Search is more efficient if the old items are presented for
around 400 ms or more, prior to the new stimuli, than if the old items
appear for a shorter time (in which case the old stimuli influence
search). The long preview period needed to generate a benefit can be
accounted for by each of the accounts we have mentioned. For an
onset-capture account, a short preview may not be sufficient to tempo-
rally segment the onsets of the old and new items (though see Yantis &
Gibson, 1994, who suggested that there remains a 90% probability of
onset capture when stimuli are separated by 100 ms). For an inhibitory-
marking account, a short preview may not be sufficient to enable old
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items to be suppressed. For a grouping account, a short preview may
not be sufficient to establish stable grouping of the old items, for seg-
mentation from the new. Whichever account is proposed, though, the
data show that the advantage is limited when there is a short interval
between the old and new items. This places one constraint on the pre-
view benefit.

Now take the second point. Watson and Humphreys (1997) found
that the preview advantage was completely abolished if, after ap-
pearing for 750 ms, the preview stimuli disappeared for 250 ms be-
fore appearing again with the new items. The effect of the offset can
be accommodated by the onset-capture account if 250 ms is suffi-
cient to allow the old previewed objects to be classed as new items
when they reonset. Essentially, once there is this interval between
the preview and the search display, all the items in the search display
are treated as new, common objects, and all compete for selection as
in the standard conjunction baseline.

In the top-up condition, we used a short-duration preview (150 ms),
which remained on the screen when the new items were presented. Given
the previous results, confirmed in a baseline condition in the present study,
there should be a minimal preview benefit under this circumstance. How-
ever, in addition, we presented the preview earlier (for 450 ms), but then
had it offset for 250 ms before the short-duration (150-ms) preview ap-
peared. With a 250-ms offset, the preview should be treated as a new stim-
ulus when it reappears (cf. Watson & Humphreys, 1997). Consequently,
according to a new-onset-capture account, performance in the top-up con-
dition should be similar to that when the short-duration (150-ms) preview
is presented alone: There should be a minimal preview benefit. However, if
the history of the preview is important, then any benefit from the short-
duration preview may be topped up by the earlier presentation of the pre-
view, and a more substantial preview benefit should accrue. We found that
this is indeed the case. The evidence indicates that the coding of the old
stimuli is important for the preview benefit.

Fig. 1. Example displays for each condition. Letters shown here with dotted lines were blue in the dis-
plays the participants viewed, and letters shown with solid lines were green.
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METHOD

Participants

 

Fifteen participants (5 male and 10 female) participated to receive
course credits. Their ages ranged from 18 to 28 (

 

M

 

 

 

�

 

 20.5 years), and
they were all taken from a population of undergraduates at the University
of Birmingham, Birmingham, England. All participants had normal or
corrected-to-normal eyesight.

 

Stimuli

 

All stimuli were produced by a Turbo Pascal computer program
and run on a Pentium computer with VGA graphics card. The letters,
which subtended a visual angle of 0.4

 

�

 

 

 

�

 

 0.8

 

�

 

 at an observation dis-
tance of 60 cm, were randomly positioned within a stimulus field of
visual angle 8.5

 

�

 

 

 

�

 

 9.9

 

�

 

.
The search task involved finding a blue 

 

H

 

 (RGB value: 17, 41, 44)
among green 

 

H

 

s (RGB value: 3, 52, 34) and blue 

 

A

 

s (RGB value: 17,
41, 44). On each trial, participants had to decide whether the bar of the
blue 

 

H

 

 was higher or lower than the midpoint of the vertical sides of
the shape. The surrounding green 

 

H

 

 distractors also randomly had bars
in positions above the vertical midpoint or below it, in order to pre-
serve conjunction conditions, by making the distractor 

 

H

 

s similar to
the target 

 

H

 

.

 

1

 

 The target was present on every trial.
In all conditions, there were 4, 8, or 16 items in total in each search

display. We included a conjunction baseline condition to provide a
measure of search efficiency if all the items were competing for selec-
tion. If the old items could not be ignored in the preview conditions,
then the slopes of the serial functions in these conditions would match
the slope found in the baseline condition.

 

Design and Procedure

 

Each participant was tested in four conditions (see Fig. 1): (a) a
conjunction baseline condition (blue and green letters were presented
simultaneously); (b) a standard preview condition (green letters ap-
peared for 700 ms and then remained when the new blue letters ap-
peared); (c) a 150-ms preview condition (green letters appeared for
150 ms and then remained when the blue letters were added); and (d) a
novel, top-up preview condition (green letters appeared for 450 ms,
offset for 250 ms, and then appeared for 150 ms before the new blue
letters were added). Each search condition was presented in a separate
block. The experimental blocks each contained 60 trials (20 per dis-
play size). The order of the blocks was counterbalanced, and partici-
pants were given a practice session before each condition. The experiment
lasted approximately 30 min in total.

At the beginning of each trial, a fixation dot appeared in the screen
for 1,000 ms, followed by either the preview or the full search display
(in the conjunction baseline). Participants were asked to keep their
eyes on the fixation dot until the second set of stimuli was presented
and then respond to the blue 

 

H

 

 by pressing either an “m” or a “z,” to
indicate whether the bar was high or low. Response keys were coun-
terbalanced across the experiment.

 

RESULTS

 

One subject was dropped from analysis because of high error rates
(more than 25% in some conditions). Figure 2 shows the mean correct
response times (RTs) as a function of display size for each condition.
Error rates are shown in Table 1. 

 

RTs

 

RTs for correct trials only for each of the four conditions were entered
into a two-way within-participants analysis of variance (ANOVA) with
condition and display size as the main factors. Both main effects were sig-
nificant, 

 

F

 

(3, 39) 

 

�

 

 5.02, 

 

p

 

 

 

�

 

 .01, for condition and 

 

F

 

(2, 26) 

 

�

 

 57.93,

 

p

 

 

 

�

 

 .01, for display size. There was also a significant interaction of condi-
tion and display size, 

 

F

 

(6, 78) 

 

�

 

 3.64, 

 

p 

 

�

 

 .01.
Two-factor repeated measures ANOVAs were conducted (so com-

parisons across conditions could be made), with condition and display
size as the main factors. Table 2 shows a summary of the statistics.
Search was more efficient in both the 700-ms preview condition

Fig. 2. Mean correct response times (RTs) as a function of display
size for the conjunction and preview conditions.

 

Table 1.

 

Percentage of errors

 

Display size

Condition 4 8 16

Conjunction 2.1 1.8 7.1
700-ms preview 3.6 2.9 8.6
150-ms preview 5.0 5.0 7.1
Top-up preview 5.0 4.3 9.3

 

1. Pilot studies using this target-discrimination task have produced the
same pattern of results as those found in Watson and Humphreys’s (1997) orig-
inal study, in which a present/absent task was used. This task is a more efficient
way of generating data, as twice as many target-present responses can be col-
lected in the same period of time.
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(search slope 

 

�

 

 15.83 ms/item) and the top-up preview condition
(search slope 

 

�

 

 15.53 ms/item) than in the conjunction baseline con-
dition (search slope 

 

�

 

 27.64 ms/item). However, the efficiency of
search with a 150-ms preview (search slope 

 

�

 

 23.43 ms/item) did not
differ from that found in the conjunction baseline condition. The 700-ms
and top-up preview conditions were also more efficient in search than
the 150-ms preview condition. There was no reliable difference in
search efficiency between the 700-ms preview condition and the top-
up preview condition.

 

Errors

 

Error rates for each condition were entered into a two-way re-
peated measures ANOVA, with condition and display size as the main
factors. There was a significant effect of display size, 

 

F

 

(2, 26) 

 

�

 

 20.26,

 

p

 

 

 

�

 

 .01, but not of condition, 

 

F

 

(3, 39) 

 

�

 

 2.03, n.s.; neither was there a
significant Condition 

 

�

 

 Display Size interaction, 

 

F

 

(6, 78) 

 

�

 

 0.56, n.s.

 

DISCUSSION

 

The results are clear. The data from the short-duration preview
condition support the findings reported by Watson and Humphreys
(1997): There was minimal benefit relative to the conjunction base-
line. What is interesting, then, is that a substantial preview benefit
occurred in the top-up condition. The benefit from a short-duration
(150-ms) preview was incremented by the earlier presentation of the
preview, even though the preview had then offset for 250 ms before its
reappearance. This offset has previously been found to abolish the pre-
view benefit (Watson & Humphreys, 1997). The earlier presentation of
the preview should have had no influence on the status of the blue
search stimuli as new onsets, yet the top-up from the first preview was
sufficient to generate an advantage.

We suggest that these results can be explained only if the coding of
the old items contributes to the effect. This explanation runs counter to
the onset-capture account of the results as offered by Donk and Theeuwes
(2001). The results are also difficult to explain in terms of an elabo-
rated form of this account, which holds that the top-up display may re-
duce attention capture by items that reappear at their earlier locations.
According to this view, the green items in the search displays influ-
ence performance less under top-up conditions than under the baseline
condition because their onsets are made less salient by the earlier pre-
view. However, remember that a 250-ms offset of preview displays is
quite sufficient to completely abolish the preview benefit when the old
items reappear in the same locations as before, but the new items ap-

pear too (Watson & Humphreys, 1997; we have replicated this result
on at least two other occasions). If the preview effect in our top-up
condition was due to reduced attentional capture by the old items, then
a similar preview benefit should have been found when the old items
offset and reonset along with the new items.

If new-onset capture is insufficient to explain the preview benefit,
what other accounts are viable? As noted in the introduction, Watson
and Humphreys (1997) proposed that the benefit arises in part from in-
hibitory filtering of the old items, which then reduces the competition
for selection from these old stimuli when the new items appear. Ac-
cording to this account, the top-up procedure may enable an initial
representation of the old items to be encoded and inhibited. This rep-
resentation may be available for some time after the old items offset,
and it may be reengaged when the old items reappear on their own.
When old items reappear, it takes either less time to encode them or
less time to inhibit them than with the standard short-duration preview,
so the preview is more effective. The grouping account of the preview
effect is similar, but emphasizes that the top-up enables the items in
the short-duration preview to be grouped more easily, and so seg-
mented from the new items in search.

For both accounts, though, it is necessary to assume that the repre-
sentation of the old items survives an offset, to top-up the short dura-
tion. Why, then, is the preview benefit abolished when the old items
offset and then reappear with the new (Watson & Humphreys, 1997)?
This result suggests that any benefit from the preview is lost if it
groups or shares a critical property with the new stimuli, such as a
common onset. For example, inhibition of old items may enable atten-
tion to be prioritized to the new onsets. However, when the new onsets
include the former preview items as well as the new search items, then
attention to the former preview stimuli may compete with any inhibi-
tion, and override it under some circumstances.
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Table 2.

 

Summary of statistics comparing conditions

 

Comparison 

Main effect of condition Main effect of display size
Condition 

 

�

 

 Display
Size interaction

 

F p F p F p
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�

 

.01 61.08

 

�

 

.01 4.27

 

�

 

.05
150-ms preview vs. baseline 0.19  n.s. 59.05

 

�
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�

 

.01 55.87

 

�
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�
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