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Our sensory environment is complex and dynamic. The 
bombardment of distracting stimuli encountered in daily 
life can include swerving taxi cabs, flashing billboards, 
and crowds of pedestrians, most of which are irrelevant 
to our current task or goal (e.g., finding a street sign). To 
help accomplish these goals, the attentional system uses 
a number of mechanisms to select some items for more 
detailed cognitive processing. One such mechanism is the 
ability to prioritize novel information, as previously at-
tended items tend to be inhibited (e.g., Carmi & Itti, 2006; 
McCarley, Wang, Kramer, Irwin, & Peterson, 2003; Pos-
ner & Cohen, 1984).

One demonstration of the ability to prioritize new in-
formation comes from the preview search literature (e.g., 
Watson & Humphreys, 1997). When a subset of the dis-
tractors in a conjunction search task is previewed prior 
to the presentation of the remaining distractors and the 
targets, search slopes are substantially reduced relative 
to those for a search in which all distractors and targets 
are presented simultaneously. Watson and Humphreys 
initially proposed that top-down attentional inhibition of 
the previewed items enables the prioritization of the new 
items through a process described as visual marking. Ac-
cordingly, as cognitive resources are limited, a top-down 
account of inhibition would predict that the preview effect 
holds only for a limited number of distractor items. In con-
trast, if the preview effect were driven purely by bottom-
up processes, attention should be biased away from old 

items regardless of the set size. In fact, some models of 
the preview effect suggest that the prioritization of new 
objects is critically dependent on bottom-up changes 
associated with the appearance of these items (Donk & 
Theeuwes, 2001, 2003; Pratt, Theeuwes, & Donk, 2007). 
According to this model, the preview benefit occurs not 
as a result of top-down modulated inhibition of the old 
items but, rather, as a result of the stimulus-driven capture 
of attention by the new items. In other words, regardless 
of attentional or memory load, suddenly appearing novel 
items should always receive prioritized treatment.

Although the finding of a capacity limit to the priori-
tization of new over old items would support the active 
inhibition account, evidence for such a limitation has been 
hard to come by. For example, reaction time benefits have 
been demonstrated on very large set sizes (e.g., Watson & 
Humphreys, 1997), suggesting that there is no capacity 
limit on the number of items that can be inhibited. More 
recently, Watson and Inglis (2007) found that the biasing 
of eye movements away from old items was evident during 
catch trials even after 5 sec, indicating no limitation on the 
ability to inhibit old items within this time period.

One possible reason for the lack of evidence for a ca-
pacity limit may be the use of multicolored sets in many 
studies of visual marking. Under these conditions, the pri-
oritization of new items may be bolstered by color-based 
feature inhibition (Braithwaite, Humphreys, & Hodsoll, 
2003) in addition to inhibitory mechanisms dependent 
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fixation was maintained, participants were presented with a 1,000-
msec preview display of distractor items. The number of previewed 
items varied among 0, 1, 3, 4, 5, 7, and 10. We presented 30 trials 
for each set size. During the preview display, the central fixation 
disk was replaced with a black cross to alert the participants that 
the previewed items had appeared on the screen. The participants 
were informed that this initial preview did not contain the target. 
If eye movements were made during the preview display, the trial 
was aborted and recycled as a later trial. After 1,000 msec of the 
preview display, a 1000-Hz “Begin Search” tone sounded, and the 
fixation cross disappeared, providing a visual and an auditory cue 
for the participant to begin the search task. As this tone was emitted, 
eight novel stimuli (including the target) were presented in addition 
to the previewed items, and the participants were allowed to begin 
to search for the target. The participants indicated with one of two 
button responses on a controller pad whether the target was the let-
ter “p” or “b.” Auditory feedback was presented if the participants 
responded incorrectly. Following the response, a gray display screen 
was presented for 500 msec, and then the next trial began.

Trials in the no-preview condition followed a similar procedure, 
except that there was no preview display, and all items were pre-
sented together after the 1000-Hz “Begin Search” tone. Thus, the 
total number of items in the final search displays was equivalent 
in the preview and the no-preview conditions. The preview and no-
preview trials were randomly intermixed within each block.

only on the temporal segregation of old and new items 
(Braithwaite, Humphreys, & Hulleman, 2005). In fact, 
Watson and Inglis (2007) found evidence that eye fixa-
tions were affected by this type of color-based guidance. 
Thus, it is possible that the prioritization of new items over 
previewed items at large set sizes is aided by color-based 
selection mechanisms, thereby concealing the real capac-
ity limit of inhibition.

In the present study, we examined the patterns of eye 
fixations during a preview search to determine how the 
efficiency of prioritization is affected by set size and how 
the efficiency changes over time. More specifically, in 
the absence of color-based guidance, does prioritization 
decrease in efficiency as the number of previewed items 
increases (supporting the active inhibition account) or are 
all old items treated equally (supporting the passive cap-
ture account)? Furthermore, how does the prioritization 
of new items express itself throughout the search process? 
Namely, is this prioritization limited to only the beginning 
of search, or does it continue indefinitely?

METHOD

Participants
Twelve students (3 male, 9 female), 21–28 years old (M  

21.3 years), from the University of Toronto participated in the 
study. All of the participants were right-handed and had normal 
or corrected- to-normal vision. Participants received partial course 
credit or financial payment (C$10) for participation in the experi-
ment. All procedures were approved by the Review Ethics Board at 
the University of Toronto.

Apparatus
Eye movements were recorded by monitoring retinal position and 

corneal reflectance using a camera-based eyetracker (SR Research 
EyeLink II) with a temporal resolution of 250 Hz and a spatial reso-
lution of 0.2º. The beginning and end of saccadic eye movements 
were determined using a 30º/sec threshold with the additional cri-
terion that the eye exceed an acceleration of 8,000º/sec during the 
movement. Experimental displays were presented on a 19-in. com-
puter monitor at a distance of 57 cm from the participant. Displays 
were presented using a refresh rate of 100 Hz and a resolution of 
1,024  768 pixels. 

Design and Procedure
Each participant completed the same procedure in the experi-

mental session, which consisted of eyetracker setup, followed by 
one block of 5 practice trials and seven blocks of 60 experimental 
trials each. During eyetracker setup, a nine-point calibration was 
performed and validated repeatedly until a minimum average ac-
curacy of .4º was obtained.

Following initial eyetracker setup, participants performed a visual 
search task that included both a preview and a no-preview condition 
(see Figure 1). Participants were instructed to search for the target let-
ters “p” or “b” among the distractors “q” and “d,” and to report which 
target was present. All letter stimuli were presented in green on a gray 
background and subtended 0.8º of visual angle. Stimuli were arranged 
randomly on the display, distanced at least 2º from each other and from 
the central fixation point that was presented at the start of each trial. If 
necessary, a recalibration was performed between blocks.

In the preview condition (see Figure 1A), participants were in-
structed to maintain fixation on a black disk located in the center of 
the screen. Participants were required to keep their gaze within 1.5º 
of the circle for 450 msec without blinking. If participants failed 
to meet this requirement, a 200-Hz error tone sounded and a drift-
 correction display was presented before the trial recommenced. If 
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Figure 1. (A) Schematic diagram of a trial in the preview condi-
tion. In the preview display, 1–8 distractors could be presented. In 
the no-preview condition, no items were presented in the preview 
display, with the same total number of items presented simulta-
neously in the search display. (B) Mean reaction times (RTs) for 
the preview (open circle) and no-preview (square) conditions, by 
the number of previewed distractors. Error bars denote standard 
errors of the means. Search slopes are indicated.



1554    EMRICH, RUPPEL, AL-AIDROOS, PRATT, AND FERBER

presented in Figure 2 for the first fixation made on each 
trial. The full repeated measures ANOVA revealed sig-
nificant main effects of preview condition [F(1,9)  9.40, 
MSe  0.954, p  .05], set size [F(6,54)  161.78, MSe  
2.682, p  .001], and fixation number [F(4,36)  19.51, 
MSe  0.196, p  .001]. All interactions were significant 
at the p  .001 level. Thus, in the preview condition, eye 
fixations were biased away from old items, confirming 
that our paradigm resulted in a reliable preview effect.

The two questions of interest for this study pertain to 
the effects of set size and fixation number on the effi-
ciency of inhibiting old locations. Accordingly, we con-
ducted an additional 5  7 repeated measures ANOVA 
on the proportion of fixations to old locations examining 
only the preview condition. The proportions of fixations 
on old items for all five fixations are presented in Fig-
ure 3. Both set size and fixation number demonstrated 
significant main effects [F(6,54)  50.43, MSe  0.935, 
p  .001, and F(4,36)  39.68, MSe  0.322, p  .001, 
respectively]. This demonstrates that the ability to inhibit 
old locations is affected both by the number of previewed 
items and by the number of fixations made. The interac-
tion between set size and fixation number was also sig-
nificant [F(24,216)  4.45, MSe  0.024, p  .001]. 
These findings suggest that the inhibition afforded by the 
preview search is not a limitless effect, whether in terms of 
the length of time that inhibition can occur or in terms of 
the number of items that can be effectively inhibited.

As can be seen from Figure 3, not only does the effi-
ciency of inhibition change with fixation number, but the 
ability to inhibit old locations disappears entirely after the 
fourth fixation, as the proportion of fixations to old loca-
tions approaches chance levels by the fifth fixation. To 
test this effect, mean facilitation scores (collapsed across 
set size) were calculated by subtracting the obtained pro-
portions of fixations on old items from the probability of 

Measures
In addition to measuring reaction times (RTs) to the target response, 

we measured the propensity for individuals to look at the old previewed 
distractors during the search process. In order to determine what items 
participants were looking at, the Euclidean distance between the end 
location of each saccade and all search items was calculated, and the 
closest item was deemed to be the gazed-at item. Each saccade was 
further classified as having reoriented gaze to an old distractor, a new 
distractor, or the target. Thus, for each fixation, the total proportion 
of fixations on old, new, and target items was equal to one. In the 
no-preview condition, a number of the distractors corresponding to 
a preview condition were deemed “old,” although these items were 
presented simultaneously with the rest of the distractors and target.

Since participants were told that the target would not appear in the 
previewed items, we defined an inefficient search as one in which 
participants searched new and old distractors indiscriminately. If 
participants were searching items at random, the probability of look-
ing at old or new items would be proportional to the total number of 
items. Therefore, the expected probability of searching an old item 
by chance alone can be defined p  o/s, where p is the probability 
of searching an old distractor, o is the number of items previewed, 
and s is the total set size (old and new distractors plus the target). 
Accordingly, should the proportion of fixations at old locations be 
significantly smaller than chance would predict, this would suggest 
an ability to inhibit old locations.

In order to assess how the biasing of eye movements is expressed 
over time, we examined the change in the proportion of fixations at 
old locations over the first five saccades. In addition, by examining a 
range of set sizes of previewed items between 0 and 10, we examined 
how the inhibition of old items is affected by set size. If the ability to 
inhibit old items is a limitless process, the proportions of fixations 
on old items should not be affected by set size.

RESULTS

Data sets of 2 participants were removed because their 
eyes could not be tracked accurately, resulting in 10 par-
ticipants for the data analysis.

Errors
Participants made incorrect responses on an average 

of 2.5% and 1.9% of the preview and no-preview tri-
als, respectively, with no significant difference between 
conditions.

Reaction Time 
The RT data from correct response trials in both the 

preview and no-preview conditions are displayed in Fig-
ure 1B. A full 2 (preview vs. no-preview)  7 (set size) 
repeated measures ANOVA revealed a significant effect 
of preview condition on reaction time [F(1,9)  57.82, 
MSe  2,002,868.06, p  .001]. The main effect of set size 
was significant [F(6,54)  19.127, MSe  775,047.07, 
p  .001], as was the interaction between the number of 
previewed items and preview condition [F(6,54)  7.562, 
MSe  257,629.91, p  .001], demonstrating the estab-
lished preview benefit in search RT (Figure 1B).

Proportion of Fixations to Old Locations
In order to determine the presence of a preview effect 

in the pattern of fixations to old locations, a full ANOVA 
was performed incorporating both the preview and no-
preview conditions. An example of the difference in fixa-
tions between the preview and no-preview conditions is 
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Figure 2. The proportion of first fixations to previewed loca-
tions for both the preview (open circle) and no-preview (square) 
conditions by the number of previewed items. The solid gray line 
indicates chance performance, defined by the ratio of previewed 
items to total set size. Error bars denote standard errors of the 
means.
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for the second and possibly third nearest items to fixation. 
In contrast to the item closest to fixation, no preview ef-
fect was found for the second or third nearest items; that 
is, the proportion of old items at these locations was equal 
to chance, suggesting that participants were searching 
only a single new item with each fixation.

Relating Number of Fixations and RT
The observation that participants fixated old items sig-

nificantly less than chance demonstrates that the observed 
reduction in RT was related to the biasing of attention away 
from old items. The question remains, however, to what 
extent RTs were related to the pattern of fixations, given 
that the bias away from old items was limited to the first 
four fixations. In order to test this, the group-averaged 
RTs for each set size were correlated with the average 
number of fixations (Figure 4). In the preview condition, 
the correlation between the mean number of fixations on 
old items and mean RT across all set sizes was r  .93 
( p  .005), whereas for the no-preview condition, the cor-
relation was r  .98 ( p  .001). Thus, fixations on old 
items have a negative and direct impact on RTs for both 
conditions; that is, fixating old items increases RTs, mak-
ing search less efficient. The correlations between aver-
age RTs and the average number of fixations on all items, 
including new, were as highly correlated (r  .99, p  
.001, for both the preview and the no-preview conditions). 
Thus, the number of eye movements made was directly re-
lated to the observed RT at each set size, providing further 
support for the relationship in the inhibition of saccades 
toward old items and the observed preview benefit in RT 
across all set sizes.

DISCUSSION

In the present study, we measured the pattern of eye 
movements during a preview search task in order to exam-
ine the degree to which prioritization of new information 
is limited. As expected, we found a preview effect across a 
large range of set sizes. The pattern of fixations, however, 
demonstrates that the efficiency of the preview effect is 
limited in two ways. First, the number of previewed items 
that are not fixated is limited. In an ideal case, individu-
als would never search old items, even when the number 
of previewed items was large, leading to an unchanging 
probability close to zero. In reality, the proportion of fixa-
tions to old locations increases fairly constantly with the 
number of previewed items (see, e.g., Figure 2). Thus, the 
ability to inhibit old locations appears to be limited to a 
small number of items.

The second limitation is that the probability of gazing 
at a previewed item changes across fixations. Our results 
demonstrate that whereas the proportion of fixations to 
old locations is significantly lower than chance for the 
first four fixations, this is no longer the case by the fifth 
fixation. Although it is theoretically possible that partici-
pants have exhausted a search of all the new items in only 
four fixations, this possibility seems unlikely given that 
our results are consistent with a search of one item per 
fixation. Thus, although our finding that fixations are bi-

fixating old items by chance. The mean facilitation score, 
therefore, assessed whether the probability of selecting 
an old location differed from chance levels at each of the 
five fixations, where negative values indicate inhibition 
(old items were fixated at proportions less than chance). 
Five two-tailed, one-sample t tests confirmed that these 
facilitation scores were significantly different from zero 
for the first four fixations at the p  .01 levels (Holm’s test 
corrected), but not for the fifth saccade (see Table 1 for t 
and p values). Therefore, in the preview condition, partici-
pants searched the old items significantly less than chance 
would predict, but only for the first four fixations.

It is possible that participants searched multiple items 
with each fixation, because typical searches produce 
search slopes of less than one fixation per item (Zelinsky 
& Sheinberg, 1997). Consequently, an exhaustive search 
of all the new items could be completed in four fixations 
or fewer, thereby accounting for the apparent limitation. To 
test for this potential confound, we examined the second 
and third nearest items to the current center of fixation, to 
determine whether participants were searching multiple 
old items on the first four fixations. If participants actu-
ally do process more than one item per fixation, we would 
expect them to fixate regions with multiple new items and 
few old items. In other words, we should see a preview ef-
fect (a decrease in the proportion of fixations on old items) 

Table 1 
Mean Facilitation Scores and t Values

 Facilitation Score

 Fixation  M  SE  t  

First .18 .68 8.54*

Second .12 .10 3.73*

Third .10 .90 3.58*

Fourth .12 .83 4.59*

Fifth .03 .80 1.26
*p  .01.  
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Figure 3. The proportion of fixations in the preview condition 
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of eye movements as individuals perform the search for 
the target.

How does executing a saccade affect the inhibition of 
previewed items? Evidently, inhibition survives beyond 
the first saccade and, therefore, cannot be guided by 
retinotopic coordinates. An alternative process is more 
directly linked to the apparent limit in the number of 
previewed items that can be inhibited. We argue that the 
ability to inhibit previewed items may be dependent on 
some capacity- limited resource and that as each fixation 
is made at a new location, the new item competes with the 
resources representing the previewed items. This compe-
tition would diminish the ability to inhibit old locations 
successfully until the new items absorbed all the avail-
able resources required for inhibition. The results of the 
present study would therefore suggest that after the fourth 
fixation, all of the resources necessary for inhibition had 
been purged. Given the evidence that participants are 
searching a single item with each fixation, this would sug-
gest that inhibition is abolished after searching just four 
items. Support for this conclusion comes from McCarley 
et al. (2003), who demonstrated that when presented with 
two items in a serial-search task—one previously fixated 
item and one new item—participants were more likely 
to search the new location only if the old item had ap-
peared within the last four fixations; after four fixations, 
participants revisited the old location with chance perfor-
mance. Interestingly, this capacity limit corresponds to 
the capacity of visual short-term memory (Cowan, 2001; 
Luck & Vogel, 1997). In fact, previous studies have found 
that the preview benefit is greatest when the number of 
previewed items is within this capacity (Jiang, Chun, & 
Marks, 2002), providing evidence that this effect may de-
pend in part on this sort of memory store (but see Jiang & 
Wang, 2004). Regardless of whether this effect is depen-
dent on memory processes, the findings that the preview 
effect is affected by the number of previewed items and by 

ased away from old items confirms the findings of Watson 
and Inglis (2007), we have demonstrated that this effect 
does not persist throughout the entire search process.

Our findings provide some insights into the underlying 
mechanisms of the preview effect. If the preview effect 
were largely independent of the limits of cognitive pro-
cessing (i.e., driven by the stimulus properties of the new 
items alone), there should be few if any limitations on the 
ability to prioritize new information. Top-down inhibition, 
however, should be limited by cognitive resources, and 
thus our finding that the preview effect is in fact limited 
to a small number of items and fixations largely supports 
an active inhibition account of the preview effect. One 
possible counterexplanation is that participants are simply 
switching strategies after the first four fixations. Partici-
pants know, however, that the target can never appear in 
the previewed items, and thus, inhibiting old items (even 
only a few) is always an efficient strategy to employ, even 
after one has exhaustively searched the new items. Inter-
estingly, although priority for the new items was limited to 
the first four fixations, the search slope appeared to remain 
constant, even at large set sizes. Thus, our results suggest 
that the preview benefit for RTs may be fairly constant 
across a large range of set sizes, even though the reduction 
in RT may result entirely from the ability to preferentially 
select new items during the first few fixations only.

What precisely are the cognitive processes that limit 
the active inhibition of old items? Although fixations 
are, in general, biased away from old items, this bias 
lasts only through the course of the first few fixations. 
It is unlikely that this limit occurs simply because of the 
passage of time, for previous studies have demonstrated 
that it is more difficult to detect the presence of a probe 
at the locations of previewed items 1,200 msec after the 
onset of the preview display than it is after only 800 msec 
(Humphreys, Stalmann, & Olivers, 2004). In contrast, the 
reduced inhibitory effect may be related to the execution 
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the number of executed eye movements suggest that the 
preview effect cannot be driven by the stimulus properties 
alone but may, instead, be dependent on general capacity-
limited resources.
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