
VU Research Portal

Prioritizing new elements with a brief preview periode: Evidence against visual
marking.
Donk, M.; Verburg, R.C.

published in
Psychonomic Bulletin and Review
2004

DOI (link to publisher)
10.3758/BF03196571

document version
Publisher's PDF, also known as Version of record

Link to publication in VU Research Portal

citation for published version (APA)
Donk, M., & Verburg, R. C. (2004). Prioritizing new elements with a brief preview periode: Evidence against
visual marking. Psychonomic Bulletin and Review, 11(2), 282-288. https://doi.org/10.3758/BF03196571

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 23. May. 2023

https://doi.org/10.3758/BF03196571
https://research.vu.nl/en/publications/e1ccfa03-5c9d-4612-b84d-8a35fb552a6d
https://doi.org/10.3758/BF03196571


Copyright 2004 Psychonomic Society, Inc. 282

Psychonomic Bulletin & Review
2004, 11 (2), 282-288

Watson and Humphreys (1997) have proposed that
people have a mechanism for prioritizing the selection of
new events or objects over old ones. This mechanism, re-
ferred to as visual marking (see also Theeuwes, Kramer,
& Atchley, 1998; Watson & Humphreys, 1997), is as-
sumed to operate through top-down attentional inhibition
applied to the positions of old stimuli. Evidence for the
ability to prioritize new over old elements stems from ex-
periments in which the preview paradigm has been used.
Thus, Watson and Humphreys set up three conditions: a
conjunction search task, in which participants had to de-
tect a blue letter H target between green Hs and blue As;
a feature search task, which was essentially the same as
the conjunction search task, except that no green dis-
tractors were presented (therefore, the display size was
half that of the conjunction search task); and a preview
condition, in which first the green Hs (i.e., the old ele-
ments) were presented and, after 1,000 msec, the blue As
were added to the display, with or without the blue H tar-
get (i.e., the new elements). Watson and Humphreys
found that slopes in the preview condition were identical
to those obtained in the feature search condition and dif-
ferent from those obtained in the conjunction search con-
dition. This difference between the slopes obtained in the
preview condition and those obtained in the conjunction
search condition, denoted as the preview effect, was taken

as evidence that, with a preview, observers can prioritize
the selection of new over old elements.

Even though the preview effect indeed shows that ob-
servers are able to prioritize the selection of new over old
elements, it is unclear whether this ability truly is the result
of a process in which the old elements are deprioritized
during the preview, as was suggested by Watson and
Humphreys (1997). Alternatively, it might be that new
elements can be directly prioritized due to the sudden lu-
minance onset accompanying their appearance (Yantis &
Jonides, 1984). Indeed, Donk and Theeuwes (2001) have
shown that if new elements appear without luminance
change (e.g., if the elements are equiluminant with the
background), the new elements can no longer be priori-
tized, suggesting that prioritized selection might not be
due to top-down inhibition of old objects, as was suggested
by Watson and Humphreys. Possibly, observers are able to
directly prioritize the selection of new elements by the lu-
minance onsets accompanying their appearance (see also
Donk & Theeuwes, 2003).

Both an inhibition account, as proposed by Watson and
Humphreys (1997), and an onset account, as advocated by
Donk and Theeuwes (2001), can explain the preview ef-
fect. Nevertheless, these explanations differ fundamentally
from each other. Whereas an inhibition account assumes
that observers are involved in an active process of inhibit-
ing the locations of the old elements during the preview,
the onset account basically presumes no observer involve-
ment prior to the appearance of the new elements. In fact,
prioritized selection is assumed to occur instantaneously at
the moment the new elements appear. To date, there is not
much direct evidence for or against the idea that observers
are actively involved in inhibiting the old elements prior to
the appearance of new elements. One exception is Experi-
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Watson and Humphreys (1997) have proposed that the ability to prioritize new elements over old el-
ements involves a time-consuming process (of at least 400 msec) of active inhibition of the locations of
the old elements, which they referred to as visual marking. Recently, Donk and Theeuwes (2001) have
suggested that prioritized selection of new over old elements is an instantaneous process related to the
luminance change accompanying the appearance of the new elements. The aim of the present study was
to test these two alternatives by investigating whether prioritized selection of new over old elements
could be achieved with a very short preview of the old elements (50 msec). The results indicated that
participants were able to prioritize selection of new over old elements when the new elements were pre-
sented with luminance onset whereas the old elements were not. New elements could not be prioritized
if both the old and the new elements appeared with luminance onset. The results indicated that priori-
tization of new elements is based on an instantaneous process, rather than on a time-consuming process.
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ment 3 of Watson and Humphreys. In this experiment, they
showed that if the preview period was too short—that is,
below 400 msec—no prioritized selection was obtained. In
other words, for prioritized selection to occur, a minimal
interval of 400 msec was required between the appearances
of old and new elements. Watson and Humphreys inter-
preted these results as evidence for their inhibition account.
For inhibition to take its effect, a minimal interval of
400 msec is required, because the application of inhibition
is a time-consuming process. They point out that if no ob-
server involvement is required prior to the presentation of
new elements, it is hard to understand why the duration of
the preview period would matter.

Even though it is clear that the requirement for a mini-
mal time interval is in line with an inhibition account
(Watson & Humphreys, 1997), it is feasible that a minimal
time interval is also required for an onset account (Donk
& Theeuwes, 2001). Abrupt luminance onsets may cease
to attract attention when they are preceded by other lumi-
nance onsets. Typically, in the preview paradigm, onsets
of new elements are preceded by onsets of old elements.
To allow new elements to gain prioritized selection
through their luminance onset, it is possible that a minimal
interval between the appearances of old and new elements
is necessary. There are several studies suggesting that if
attention is directed to some location in the visual field,
visual luminance onsets elsewhere cease to attract atten-
tion (Theeuwes, 1991; Yantis & Jonides, 1990). It is pos-
sible that something similar occurs with short intervals
within the preview paradigm. If multiple old elements ap-
pear with luminance onset, attention might be captured. It
might take a certain time interval before attention can be
completely disengaged from the locations of the old ele-
ments (Duncan, Ward, & Shapiro, 1994). As a conse-
quence, new elements may not be capable of capturing at-
tention when they are presented within this interval.

The aim of the present study was to test this alterna-
tive. We used the preview paradigm, in which observers
searched for a target that could occur only among the
new elements. In one condition, the equiluminant preview
condition, a variable number of old elements was pre-
sented equiluminant with the background, followed after
50 msec by the addition of a variable number of new ele-
ments. The new elements were presented with luminance
onset; that is, the luminance of the new elements was ini-
tially higher than that of the background. After 50 msec,
the luminance of the new elements was decreased to the
luminance level of the background and that of the old el-
ements. In the other condition, the increased luminance
preview condition, both the old and the new elements ap-
peared with an initial luminance onset of 50 msec. If pri-
oritized selection occurs through a time-consuming ap-
plication of top-down inhibition to the locations of old
elements, it was predicted that prioritizing would not
occur in the present experiment. If, however, prioritized
selection is related to the luminance onsets accompany-
ing the appearance of new elements, prioritized selection
should occur in the equiluminant preview condition, but
not in the increased luminance preview condition.

METHOD

Participants
Twelve participants (4 females and 8 males), 19 to 28 years of

age, took part in the present experiment.

Task and Stimuli
The task of the participants was to indicate the presence or absence

of a prespecified target (the capital letter H ) between multiple non-
targets (the letters A, B, C, E, F, G, J, K, M, N, P, R, S, T, U, and V ).
The target was presented in 50% of the trials. If the target was pres-
ent, it was presented among the new elements. In the equiluminant
preview condition, the participants were presented with a white
central fixation cross on a gray background (CIE x, y chromaticity
coordinates of .277 and .310, 10.2 cd/m2). After 2,000 msec, 5, 10,
or 15 green letters (old elements; CIE x, y chromaticity coordinates
of .293 and .600, 11.9 cd /m2) were presented on the display equi-
luminant with the background, as determined by a flicker-fusion
test at the center of the screen. After 50 msec, 5, 10, or 15 letters
(new elements) were added to the display, appearing in light green
(CIE x, y chromaticity coordinates of .288 and .605, 31.3 cd /m2).
After another 50 msec, the luminance of the new elements returned
to that of the old elements, making them indistinguishable from the
old elements. In the increased luminance preview condition, both
the old and the new elements were presented with an initial lumi-
nance increase upon appearance. Furthermore, the increased lu-
minance preview condition was identical to the equiluminant pre-
view condition (see Figure 1). The old and the new elements were
presented randomly in an area subtending 24.2º 3 20.1º of visual
angle at an observation distance of 60 cm. The letters were approx-
imately 10 mm wide and 18 mm high.

Apparatus
Stimuli were presented on a 19-in. Multiscan color monitor (with

an ATI Rage 4-Mb card), which was controlled by a Celeron 400-
MHz/128-Mb PC. The response keys were the “z” key and the “/”
key on the computer keyboard.

Design and Procedure
The experiment consisted of two blocks of trials corresponding

to the equiluminant preview condition and the increased luminance
preview condition. Each participant was tested in both conditions.
Each block of trials consisted of 36 practice trials, followed by 432
experimental trials. Number of old elements (5, 10, and 15), number
of new elements (5, 10, and 15), and target presence (target present
and target absent) were randomly varied within blocks of trials.

Each trial started with a white fixation cross, after which the old
elements were shown. Fifty milliseconds later, the new elements
were presented. When the participants responded incorrectly, a tone
was presented. After each 36 trials, the participants received feed-
back about their performance in terms of the percentage of incor-
rect responses and the average response time (RT). The sequence of
conditions was counterbalanced over participants. Half of the par-
ticipants were instructed to press the “z” key when the target was
present and the “/ ” key when the target was absent. The other half
of the participants were instructed to do the opposite. The partici-
pants were instructed to respond as quickly and accurately as pos-
sible. They were familiar with the fact that if the target was present,
it was presented among the new elements.

RESULTS

Mean correct RTs and percentages of errors were cal-
culated for each participant. One participant had an ex-
ceptionally high mean RT (1,613 msec), and another had
a very high percentage of errors (18%). These two par-
ticipants were excluded from further analyses.
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Figure 2 shows the mean correct RTs over the remain-
ing 10 participants as a function of condition (equilumi-
nant preview vs. increased luminance preview), number
of old elements (5, 10, or 15), number of new elements
(5, 10, or 15), and target presence (target present vs. target
absent). Generally, RTs were larger for target-absent trials
than for target-present trials [F(1,9) 5 68.54, p , .01].

An analysis of variance (ANOVA) was conducted on
the individual correct RTs of the target-present trials
only, with condition (equiluminant preview vs. increased
luminance preview), number of old elements (5, 10, or 15),

and number of new elements (5, 10, or 15) as repeated
measures factors. There were statistically significant
main effects of number of old elements [F(2,18) 5 18.32,
p , .01] and number of new elements [F(2,18) 5 37.20,
p , .01]. Furthermore, there was a significant interaction
between condition and number of old elements [F(2,18) 5
5.56, p , .02], implying that the number of old elements
affected RT differently in the equiluminant preview con-
dition than in the increased luminance preview condition.
In the equiluminant preview condition, RT was unaffected
by the number of old elements [F(2,18) 5 3.39, p . .05],

Figure 1. Examples of the sequential events in the trials of the equilu-
minant preview and the increased luminance preview conditions. Dark
gray corresponds to gray, light gray corresponds to green, and white cor-
responds to light green in the experiment. Note that the light gray letters
in the figure are green in the experiment and equiluminant to the gray
background.
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whereas in the increased luminance preview condition,
RT increased with the number of old elements [F(2,18) 5
13.33, p , .01].

To investigate whether the speed of search was equal
through the old elements and the new elements, best-fitting
lines were determined for the functions relating RT to
the number of old elements and those relating RT to the
number of new elements separately for each participant
(see also Donk & Theeuwes, 2001). Table 1 shows the

mean search slopes and intercepts for target-present and
target-absent trials in the equiluminant preview condi-
tion and the increased luminance preview condition.
Generally, search slopes were larger for target-absent tri-
als than for target-present trials [F(1,9) 5 37.90, p ,
.01]. An ANOVA on the data for the target-present trials
revealed only that in the equiluminant preview condition,
the slopes of the functions relating RT to the number of old
elements were smaller than the slopes of the functions

Figure 2. Mean reaction time (RT) as a function of target presence, number of old ele-
ments, and number of new elements separately for the equiluminant preview and the in-
creased luminance preview conditions.
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relating RT to the number of new elements [F(1,9) 5
14.56, p , .01]. This was not the case in the increased lu-
minance preview condition [F(1,9) 5 0.20].

The intercepts of the functions were larger for target-
absent trials than for target-present trials [F(1,9) 5 45.74,
p , .01]. An ANOVA on the data for the target-present
trials revealed only that in the equiluminant preview con-
dition, the intercepts of the functions relating RT to the
number of old elements were larger than the intercepts of
the functions relating RT to the number of new elements
[F(1,9) 5 14.34, p , .01]. This was not the case in the
increased luminance preview condition [F(1,9) 5 0.18].

Table 2 shows the average proportions of errors per
condition. Error scores were affected by target presence
[F(1,9) 5 45.85, p , .01]: The participants were more
inclined to respond target absent when the target was
present than to respond target present when the target
was absent. A separate ANOVA on the target-present tri-
als revealed a main effect of number of new elements
[F(2,18) 5 11.90, p , .01] and an interaction between
condition and number of new elements [F(2,18) 5 4.98,
p , .02]. Error scores increased with the number of new
elements. Furthermore, this increase developed differ-
ently in the two conditions.

DISCUSSION

The present study demonstrates that a brief preview
interval (of 50 msec) prevents observers from prioritiz-

ing selection of new over old elements only if both the
old and the new elements appear with luminance onset.
If old elements are presented without luminance onset,
new elements can be perfectly prioritized for selection,
as is evident from the finding that RT was completely
unaffected by the number of old elements in the equilu-
minant preview condition. These findings provide strong
evidence against the claim that prioritized selection is
the result of a time-consuming process, as has been pro-
posed by Watson and Humphreys (1997).

Watson and Humphreys’s (1997) original account for
the preview effect was (among other things) based on the
finding that a full preview effect could be attained only if
the old elements appear for around 400 msec or more prior
to the new elements. Recently, Humphreys et al. (2004)
also showed that the efficiency of search increased non-
linearly as a function of the length of the preview period.
The authors concluded that old elements need to precede
new elements by at least 600 msec, because observers
require some time to actively establish and inhibit a rep-
resentation of the old elements. Accordingly, they as-
sumed that with shorter preview periods, no full preview
effect can be obtained, because of the inability of ob-
servers to consolidate and inhibit the representations of
the old elements in time—that is, prior to the appearance
of the new elements.

These conclusions are at odds with the present findings.
If prioritized selection is the result of a time-consuming
process of inhibiting the representation of old elements,

Table 1
Mean Intercepts, Search Slopes, and Absent/Present Ratios Separately for the Functions Relating Reaction

Time (RT) to the Number of Old Elements and Those Relating RT to the Number of New Elements

Intercepts (msec) Slopes (msec/item)

Target-Present Target-Absent Target-Present Target-Absent Absent /Present
Condition Trials Trials Trials Trials Ratio

Equiluminant preview
Old elements 758 1,048 5.2 15.8 3.0
New elements 531 ,633 28.3 57.3 2.0

Increased luminance preview
Old elements 725 1,134 19.2 43.1 2.2
New elements 712 1,065 20.6 50.0 2.4

Table 2
Error Percentages Separately for Each Condition

Number of Old Elements

5 10 15

Number Increased Increased Increased
of New Equiluminant Luminance Equiluminant Luminance Equiluminant Luminance

Elements Preview Preview Preview Preview Preview Preview

Target Present Trials
5 4.2 8.8 5.0 8.8 11.3 10.8

10 15.8 4.6 17.5 12.5 17.1 11.7
15 13.8 17.1 18.3 14.2 17.5 15.8

Target Absent Trials
5 1.3 0.8 0.4 0.4 1.3 2.1

10 0.8 1.3 0.4 0.8 2.1 1.7
15 0.4 1.3 0.8 0.8 1.7 1.7
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it is questionable why, in the present study, the observers
were perfectly able to prioritize new over old elements
with a preview period of only 50 msec. Moreover, the
present results show that this ability is critically depen-
dent on whether or not the old elements occur with lu-
minance onset. In the study of Watson and Humphreys
(1997) as well as in the study of Humphreys et al. (2004),
both old and new elements appeared with luminance onset.
It is likely that the failure to obtain a full preview effect
with brief intervals is related to the fact that the old ele-
ments appeared with luminance onset. With a brief pre-
view, the luminance onsets accompanying the appear-
ance of the old elements might have prevented the new
elements from attracting attention. Thus, previous fail-
ures to obtain a full preview effect with brief intervals
might not have been related to observers’ not having
enough time to consolidate and inhibit the representation
of the old elements but might have occurred merely be-
cause the luminance onsets of the old elements prevented
attention from being captured by the new elements (Donk
& Theeuwes, 2001). Other studies have shown that if at-
tention is directed to a location in the visual field, visual
onsets elsewhere cease to attract attention (Theeuwes,
1991; Yantis & Jonides, 1990). Something similar might
occur in the preview paradigm. If multiple old elements
appear with luminance onset, attention might be captured.
It might take a certain time interval before attention can
be completely disengaged from the locations of the old
elements (Duncan et al., 1994). As a consequence, new
elements are not capable of capturing attention when
they are presented within this interval.

The present findings also challenge the temporal seg-
regation hypothesis of Jiang, Chun, and Marks (2002).
Jiang et al. proposed that (part of) the preview effect might
be the result of the ability of observers to group subsets
of elements on the basis of their temporal separation. They
assumed that the preview effect occurs because after seg-
regation of old and new elements, attention may be se-
lectively deployed to the group that contains a target.
Even though the temporal segregation hypothesis differs
from the visual marking hypothesis in some aspects (see
Jiang et al., 2002; Kunar, Humphreys, & Smith, 2003),
both accounts share the idea that a minimal interval is
required between the appearances of old and new ele-
ments for prioritized selection to develop. The present
study shows that, if anything, the minimally required in-
terval is much shorter than that suggested by Jiang et al.
Moreover, the present experiment also shows that irre-
spective of the temporal separation between the appear-
ances of the old and new elements, prioritized selection
is critically dependent on whether or not old elements
appear with luminance onset. To account for such an ef-
fect, Jiang et al. should include the idea that in addition
to temporal separation, other forms of grouping play a
role. Even though this is a possibility, it is not clear how
prioritized selection on the basis of grouping can be ac-

complished in such a short interval. Furthermore, if it
would be easier to segregate two groups of elements if
they have different onset characteristics than if they have
the same onset characteristics, then reversing the onset
difference, so that old elements appear with onset whereas
new elements do not, should still result in a preview ben-
efit. Donk and Theeuwes (2001) showed that this is not
the case.

The present results provide strong evidence for the
view that prioritized selection of new over old elements
is based on an instantaneous process (Donk & Theeuwes,
2001). In a recent study, Kunar et al. (2003) used a so-
called “top-up” preview condition in which green letters
appeared for 450 msec, followed by their offset for
250 msec, and then appeared again 150 msec before blue
new letters were added. They demonstrated that search
efficiency in the “top-up” preview condition was similar
to that in the standard preview condition, showing that
the first presentation of old stimuli (during 450 msec)
was important in the generation of the preview effect.
Since the history of the old elements was important for
the preview benefit, Kunar et al. concluded that an ac-
count based on onset capture could not accommodate
their results. However, the onset account can easily ac-
commodate the findings of Kunar et al. if it is assumed that
in the “top-up” condition, upon their second appearance,
old elements no longer attract attention because of inhi-
bition of return (Klein, 1988; Posner & Cohen, 1984;
Pratt & McAuliffe, 2002). In fact, it is likely that inhibition
of return occurred at the locations of the old elements
because they were initially presented with abrupt lumi-
nance onsets. Note that the present inhibition-of-return
account is not meant to be an explanation for the preview
effect as such. The finding in the present study that pri-
oritized selection can be obtained with a very brief pre-
view argues against this point of view (see also Pratt &
McAuliffe, 2002).

The present results confirm the onset account of Donk
and Theeuwes (2001). According to this account, it is not
in principle impossible to prioritize new over old ele-
ments with short previews. Prioritized selection is as-
sumed to occur instantaneously, mediated by the lumi-
nance onsets of new elements. Yet short previews may
result in less effective prioritization if old elements are
presented with luminance onset. Luminance onsets at old
locations may temporally prevent the luminance onsets of
new elements from capturing attention. If old elements
are presented without luminance onset (as in the present
study), perfect prioritization might be obtained. Indeed,
recently, Belopolsky, Theeuwes, and Kramer (in press)
demonstrated that even without a preview interval, ele-
ments that appear with luminance onset can be perfectly
prioritized over elements that appear without luminance
onset, again suggesting that the mechanism responsible
for this ability is not based on a time-consuming process
of inhibition.
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