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Visual scenes contain an enormous amount of informa-
tion. Not all of the information present in a visual scene 
can be processed simultaneously. Rather, the visual sys-
tem selectively chooses which parts or characteristics of 
the scene are the most important or the most relevant for 
the task at hand at any point in time, and these are pro-
cessed first. An accumulating body of evidence indicates 
that two different processes influence the deployment of 
visual attention within a visual scene: a bottom-up mech-
anism using cues present in the visual scene itself, and 
a top-down mechanism driven by factors depending on 
the observer (Egeth & Yantis, 1997; Itti & Koch, 2000). 
It should be noted that factors considered to originate 
in the visual scene are not necessarily processed at the 
lower levels of the visual hierarchy. Rather, it has been 
suggested, on theoretical and empirical grounds, that the 
first explicit effect of external, bottom-up cues may be at 
higher and more conceptual levels of the visual hierarchy, 
before further, slower, more detail-dependent processing 
occurs at lower visual levels (Ahissar & Hochstein, 1997, 
2004; Hochstein & Ahissar, 2002).

Bottom-up control of visual attention is usually under-
stood in terms of salience, the relative difference between 
a region in the visual scene and its surroundings in terms 
of low-level factors such as color, contrast, texture, and 
orientation. Generally, salience models assume the exis-
tence of a salience map that encodes the salience of each 
part of a visual scene (Koch & Ullman, 1985). This master 
map controls visual attention through a process of neural 

competition, deploying attention to the most salient loca-
tion at any point in space.

In contrast, by definition, top-down control of visual 
attention depends on interactions among the observer, the 
scene, and the task. For this reason, top-down attentional 
control is more variable than low-level control. Despite 
these difficulties, several models for the implementation 
of top-down attentional control have been suggested, fre-
quently incorporated in salience-type models. For exam-
ple, Cave and Wolfe (1990), in the guided search model, 
suggested that in visual search, the top-down compo-
nent for the effective salience of each location within a 
particular feature map is the degree of similarity of the 
feature at that location and the target value for that fea-
ture dimension. Top-down attentional control may also 
influence competition among early visual filters (Lee, 
Itti, Koch, & Braun, 1999) or interact with salience by 
shunting inhibition-of-return mechanisms (Itti & Koch, 
2000, 2001). In general, both bottom-up and top-down 
influences on attentional control can be tested through the 
visual search paradigm. Wolfe, Butcher, Lee, and Hyle 
(2003) investigated the effects of top-down and bottom-up 
influences on singleton search, finding that uncertainty 
about target identity, a form of top-down information, 
slows down search.  Bottom- up guidance still supported 
efficient search under these conditions.

Top-down attentional control indicates that certain parts 
of the visual field are more interesting than other parts, 
complementing bottom-up cues. We suggest that as part of 
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unification of a number of low- and high-level features 
characteristic of faces (Hershler & Hochstein, 2005).

Faces are distinguished from other object categories by 
top-down influences such as social significance or exper-
tise. Indeed, face-specific effects such as face inversion 
(Farah, Tanaka, & Drain, 1995) or prosopagnosia (White-
ley & Warrington, 1977) were found with other homoge-
neous categories of expertise (Levine & Calvanio, 1989). 
Effects that appear to be face specific should, therefore, 
be compared with nonface stimuli that match the con-
straints found for faces (Gauthier & Tarr, 1997). A second 
goal of the present study was to compare search for faces 
with search for objects of expertise, to ascertain what role 
human expertise for faces might play in the face search ad-
vantage. If objects of expertise have no search advantage, 
it could be claimed that face search relies on low-level 
factors that are present only for faces (as was suggested by 
VanRullen, 2006). On the other hand, if there is a general 
search advantage for objects of expertise, depending on 
each person’s particular expertise, we would have to con-
clude that the expert search advantage cannot rely only on 
bottom-up stimulus properties, and most parsimoniously, 
the same would apply to faces.

METHOD

Subjects
Eleven subjects participated in the experiment. Of these, 6 were 

bird experts and 5 were car experts. Each subject participated in all 
three target conditions of the experiment: search for faces, search for 
birds, and search for cars. Bird experts belonged to a bird-watching 
center and ranged from 17 to 34 years of age; car experts either 
worked with cars or were highly interested in car models and ranged 
from 18 to 39 years of age. All the subjects had normal or corrected-
to-normal vision. We tested their ability to identify 50 different birds 
or cars; bird experts averaged 37 correct answers, and car experts 
averaged 34 correct answers on these difficult recall tests. By com-
parison, 4 novices in both fields averaged 5 correct answers on the 
bird recall test and 4 correct answers on the car recall test. 

Stimuli
The stimuli were presented on the screen of an IBM T43 laptop 

computer set at 60-Hz refresh and a resolution of 1,024  768 pix-
els; the subjects sat at a viewing distance of approximately 40 cm. 
The display consisted of arrays of 3 3, 4 4, 5 5, or 6 6 photo-
graphs, as shown in Figure 1, created by an in-house software pack-
age from color photographs of 84 birds, 84 faces, 70 cars, and 261 
color photographs of other objects as distractors. All the displays 
were centered on the midpoint of the screen, the location of the 
fixation cross. Each element of the array subtended 4º (width)  
3.8º (height) of visual angle, with an additional average distance 
between elements of 1.25º (width) and 0.25º (height). Random jitter 
was introduced to disturb alignment of the elements; maximum jitter 
was 0.2º (vertical) and 0.5º (horizontal). For each target condition, 
half of the stimuli contained the pre-designated target (face, bird, 
or car), and half did not contain the target. In all the target-present 
stimuli, only one target category was present. Targets were pseudo-
randomly placed at each location in the search array.

Experimental Procedure
The experiment was divided into three blocks with a single target 

type in each block—face, car, or bird. Each block contained 280 
trials, presented semirandomly so that all set sizes, target positions, 
and target presence/absence conditions were equally divided in each 
block. The subjects were given the option of taking small 5-min 

this process, objects that belong to categories that are im-
portant or special to the observer may be given additional 
salience through top-down control. One example of such 
a top-down influence is stimulus familiarity, which has 
been studied extensively in visual search. Research has 
shown that, surprisingly, search is most efficient for un-
familiar targets on familiar distractors (Wang, Cavanagh, 
& Green, 1994), whereas efficient search for familiar 
targets occurs on familiar distractors only (Malinowski 
& Hübner, 2001). A study with naturalistic objects also 
showed that visual experience facilitates processing of 
both target and distractor items during search (Mruczek 
& Sheinberg, 2005). However, search speed for familiar, 
trained items did not generalize to other, unfamiliar tar-
gets of the same category.

Studies on the familiarity of targets and distractors have 
traditionally focused on homogeneous displays and rela-
tively simple search items—for example, mirror-image Ns 
and regular Ns for speakers of German and Slavic (only 
the latter are familiar with the mirror image; Malinowski 
& Hübner, 2001). In these studies, stimulus familiarity 
is confined to repetitions of a single exemplar. We asked 
whether the familiarity effect would extend to entire cat-
egories, encompassing many different exemplars, and 
tested the hypothesis that top-down salience may be ex-
tended to entire categories by looking at the performance 
of experts on a visual search task.

We asked car experts and bird experts to detect cars and 
birds among heterogeneous distractors. Both groups of ex-
perts viewed exactly the same stimuli, so that any bottom-
up processing effects would be identical and the top-down 
influence of expertise could be assessed in isolation.

Studies on visual expertise indicate that experts pro-
cess objects of their expert category in a more holistic 
fashion (Gauthier & Tarr, 2002) and parse these objects 
differently than do novices (reviewed in Palmeri, Wong, 
& Gauthier, 2004) and that the entry point of expert ob-
ject recognition shifts from the basic to the subordinate 
level (Tanaka & Taylor, 1991; see Rosch, Mervis, Gray, 
Johnson, & Boyes-Braem, 1976). The latter finding has 
come to be recognized as one of the hallmarks of exper-
tise (Palmeri et al., 2004). The effect of expertise on vi-
sual category search, which does not require subordinate 
classification, has not yet been examined, and the present 
study is unique in this respect.

The human face is an example of a potentially impor-
tant category that could receive top-down salience. In-
deed, Hershler and Hochstein (2005) reported rapid pop-
out in visual search for natural face photographs among 
heterogeneous distractor photographs, with a near parallel 
search reaction time (RT) slope over increasing set sizes 
(Treisman & Gelade, 1980). This rapid search with near-
zero slope was not observed for other categories, such as 
cars, flowers, animals, or animal faces. Due to the great 
variation of distractors and face targets used in the study, 
the face search appeared not to rely on a single basic low-
level feature. Rather, an effective search mechanism would 
have to rely on the higher level categorical concept of face 
versus nonface. This mechanism may be implemented 
through a special face feature salience map, based on the 
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present trials. The ANOVA revealed no significant main 
effect of target type on accuracy and no main effects of 
type of expertise on RT or accuracy. Target type did have 
a significant influence on search speed, indicating that 
cars were slightly easier to find than birds; averaging over 
the two groups of experts, RTs were 1,185 msec for cars 
and 1,374 msec for birds [F(1,9)  8.80, p  .05]. Ac-
curacy when the data for the two groups were combined 
was 90% for cars and 87% for birds [F(1,9)  5.86, p  
.39]. Similarly, there was no difference between the two 
groups of experts when their data for both target types 
were combined: RT was 1,340 msec for car experts and 
1,229 msec for bird experts [F(1,9)  0.92, p  .36], and 
accuracy was 88% for car experts and 90% for bird ex-
perts [F(1,9)  0.42, p  .53]. This means that the two ex-
pert groups were matched in terms of their overall search 
abilities and that cars were only slightly more detectable 
than birds.

On the other hand, the interaction between type of ex-
pertise and target category for target-present trials was 
highly significant, for both RT and accuracy, as displayed 
in Figure 2, top [RT, F(1,9)  25.62, p  .01; accuracy, 
F(1,9)  16.29, p  .01]. This suggested that expertise and 
target category might have effects when each group was 
analyzed separately. Paired t tests on each group of experts 
separately indicated that the car experts were faster [t(5)  

4.24, p  .01] and more accurate [t(5)  4.26, p  .01] 
when looking for cars than when looking for birds. The 
bird experts were also significantly faster [t(5)  2.23, p  
.05] but not significantly more accurate [t(5)  1.22, 
p  .14] when looking for birds than when looking for 

breaks between blocks. In each block, the subject was given both 
printed and oral instructions about which target to look for. The 
order of the blocks was counterbalanced across subjects and type of 
expertise, so that both car and bird experts performed the experiment 
in every possible order.

The subjects were instructed to view the stimuli and report as 
accurately and as quickly as possible whether they contained the pre-
specified target category. Between trials, a fixation cross appeared 
in the center of the screen. The search stimulus remained on the 
screen until the subject made his or her response by means of the 
mouse (right mouse click for target present, left mouse click for 
target absent), and RT was measured (there was no need to place the 
cursor on the target). A computer-generated tone provided negative 
feedback after errors, to enable the subjects to monitor their accu-
racy levels. All the subjects gave their informed consent to partici-
pate in the experiment and were paid for participation.

RESULTS

Search for Expert and Novice Target Categories
The first goal of this experiment was to compare search 

times for both car and bird experts when searching for car 
or bird targets. The average RT and accuracy for the two 
groups of experts on the search for cars and birds when the 
targets were present is shown in Figure 2, top. RT slopes 
for both present and absent trials are shown in Figure 2, 
bottom. Figure 3 shows individual data for all the subjects 
for target-present and target-absent trials.

We analyzed target-present and target-absent trials 
separately. To ensure that there was no large difference 
in the search abilities of the two groups of subjects or the 
a priori salience of the two sets of images, we performed a 
repeated measures ANOVA on RT and accuracy for target-

Figure 1. Example stimulus. The stimuli contained 9, 16, 25 (shown), or 36 elements. 
The targets were bird (shown), car, or face photographs.
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Levene’s test for the variances of the bird search RT slopes 
[F(1,9)  16.80, p  .01].

Overall, these results indicate that perceptual expertise 
influenced speed, accuracy, and search slopes for visual 
search: The experts were faster and more accurate at de-
tecting their expert category. In addition, when given the 
same displays, the car experts detected cars more quickly 
and with lower search slopes than did the bird experts, 
whereas the bird experts detected birds more quickly and 
with lower slopes than did the car experts.

We performed a separate analysis on the data from 
target- absent trials (Figure 3, bottom). Results indicated 
that the car experts detected the absence of birds sig-
nificantly more slowly [mean RT for cars  1,818 msec, 
mean RT for birds  2,790 msec; t(4)  2.13, p  .01] 
and with larger search slopes [slope for cars  57 msec/
item, slope for birds  87 msec/item, t(4)  2.13, p  
.05] than they detected the absence of cars, but these ef-
fects were not observed for the bird experts. The bird 
experts were faster than the car experts in detecting the 
absence of birds [mean RT for bird experts  1,838 msec, 
mean RT for car experts  2,790 msec; t(9)  1.83, p  
.05], but the car experts were not significantly faster than 

cars. For all target types, the experts were significantly 
faster (but not significantly different in accuracy) than 
their nonexpert peers, as follows: Paired t tests on target 
categories revealed that the car experts were faster [t(9)  
7.16, p  .05] but not significantly more accurate [t(9)  
2.49, p  .14] than the bird experts when looking for cars, 
whereas the bird experts were faster [t(9)  8.58, p  .05] 
but not significantly more accurate [t(9)  4.38, p  .07] 
than the car experts when looking for birds.

RT slopes for the category of expertise for target- present 
trials were markedly lower than those for the novice cat-
egory (Figure 3, top right), although it should be noted 
that slopes did not approximate parallel search slopes. 
Slopes were lower when the car experts were finding cars 
than when they were finding birds [t(4)  2.13, p  .05], 
whereas slopes were lower when the bird experts were 
finding birds than when they were finding cars [t(5)  
2.01, p  .01]. In addition, the experts had lower search 
slopes for their expert category than did the novices; there 
was a significant effect of expertise on search slope for 
cars [t(9)  1.83, p  .01], as well as a less significant 
effect on search slopes for birds [t(9)  2.13, p  .05, 
t test assuming inequality of variances], as revealed by 

Figure 2. Top: Average reaction times (RTs; left) and percentages of correct responses (right) as a function of expertise type and 
target category, target-present trials. Bottom: RTs as a function of set size for car experts (left) and bird experts (right).
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for faces, expert targets, and control targets lie along a 
continuum for each of the measures of speed, accuracy, 
and search slope (Figure 4). 

Target Salience Over the Visual Field
To assess how the search advantage for certain target 

categories is achieved, we analyzed target salience over 
the visual field. Search times for target-present trials were 
analyzed as a function of target position for the three target 
categories, with bird and car targets collapsed into expert 
and novice categories. Results (for set size 36) are shown 
in Figure 5, top. Intervening values were created by MAT-
LAB bilinear interpolation. The bottom graph in Figure 5 
is a cumulative histogram of these data (full circles), show-
ing the number of positions (out of a possible total of 36) at 
which targets were detected as a function of RT. Note that 
the curve for experts—and even more so, that for faces—
rises faster and has a higher maximal level. Performance 
for smaller set sizes followed the same pattern.

The data of the three curves in Figure 5 (bottom) can be 
approximated by the exponential approach function:

 N  Nmax  Nmax e k(t t0), (1)

where N is the number of detected target positions, t is 
time in milliseconds, Nmax is the maximum number of 
items accurately detected, k is a slope coefficient, and t0 is 
a constant related to the minimum time needed to detect 
an item at fixation. Fitted curves are shown as lines in 
Figure 5 (bottom). Table 1 presents the fitting parameters 

the bird experts in detecting the absence of cars. These 
results probably reflect the fact that the cars were slightly 
more detectable than the birds (see above), enabling all 
the subjects, regardless of expertise, to more rapidly mark 
the absence of cars than the absence of birds. There were 
no other significant differences in RT slopes or accuracies 
for the target-absent data across the two groups of experts. 
Thus, fewer significant effects were found in the target-
absent data than in the target-present data.

Comparison With Search for Faces
The second goal of this experiment was a comparison 

of search performance for objects of expertise with that 
for faces. A statistical analysis was performed with both 
target types collapsed into an expert or nonexpert category 
for all subjects. This revealed a significant main effect 
of target type (expert category, nonexpert category, and 
faces) on RT [F(2,20)  35.32, p  .001] and accuracy 
[F(2,20)  19.68, p  .001]. Further analysis showed all 
pairwise comparisons to be significant, with search for 
faces being found to be both faster and more accurate 
than that for the expert category ( p  .05), and search 
for the expert category being found to be faster and more 
accurate than that for the nonexpert category ( p  .05). 
Search slope analysis followed the same pattern, with a 
significant main effect for target type [F(2,20)  27.37, 
p  .001], and significance for all pairwise comparisons 
(face vs. expert, p  .01; expert vs. novice, p  .01]. In 
summary, these results show that search performance data 
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ANOVA on this variant of the FWHH showed that this dif-
ference was significant [F(2,30)  19.00, p  .001], with 
pairwise comparisons significant as well (faces vs. expert, 
p  .01; expert vs. novice, p  .01). This result suggests 
that the window of detection grew wider for the experts 
when they were searching their favored categories, consis-
tent with previous findings on greater expert visual spans 
(Reingold, Charness, Pomplun, & Stampe, 2001). The 
data are consistent with a search mechanism that detects 
the presence or absence of target items in groups of ele-
ments, rather than through single fixations. The advantage 
of this search window is highest for faces, intermediate for 
expert targets, and smallest for control targets. As search 
progresses, the detection window becomes less effective, 
probably due to an increasing amount of overlap of the 
search window with positions that were already scanned. 

DISCUSSION

In this study, two groups of experts viewed exactly the 
same stimuli but reacted differently according to their 
prior experience and personal expertise. Targets from each 
category were detected considerably more efficiently by 
experts for that category. The more efficient visual search 
by experts can be accounted for only by top-down in-
fluences, such as familiarity with the search targets. In 
counterintuitive fashion, visual search studies with ho-
mogeneous targets and distractors have shown that search 
appears to be most efficient when distractors are familiar 
and the target novel (e.g., Rauschenberger & Chu, 2006; 

for search for faces, expert targets, and control targets. 
To calculate the slope for each curve, we calculated the 
derivative of the exponential approach function:

 dN/dt  (Nmax k) e k(t t0). (2)

The initial and maximum slope of each curve, Nmax k, is 
obtained by substituting t0 for t in the derivative. Calcu-
lated maximum slopes are shown in Table 1. 

Figure 5 indicates that, on average, targets close to the 
fixation point were detected more quickly, with average 
detection times progressively slowing toward the periph-
ery, replicating previous findings (Carrasco, McLean, 
Katz, & Frieder, 1998). In addition, the number of ele-
ments detected at shorter RTs were highest for faces, 
smaller for objects of expertise, and smallest for control 
objects. To quantify this difference in the effective size of 
the detection window, we calculated a variant of the full-
width-at-half-height (FWHH) measure. First, we created 
cumulative histograms for each subject and each target 
category (similar to the average histogram in Figure 5, 
bottom). We then defined the longest RT for each subject 
as the time when he or she reached the maximal level of 
detected items for that category (i.e., if a subject detected 
only 32 of the novice targets, the time at which the 32nd 
target was detected was the longest RT). The FWHH is the 
number of targets that were detected with RTs shorter than 
or equal to half the above-defined longest RT for that tar-
get category. This yielded an average of 30 items ( 0.8) 
for faces, 26 items ( 1.3) for the expert targets, and 20 
items ( 1.5) for the novice category. A repeated measures 
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more or less salient due solely to their bottom-up stimulus 
properties. Rather, it must have been a top-down learned 
effect that allowed exemplars of specific categories to be 
found more quickly by some people than by others. Does 
this conclusion that search is speeded by top-down exper-
tise generalize to faces? Since faces are considered to be 
a category of expertise for normal human subjects, the 
top-down holistic factor of expertise is likely to play a 
role in the rapid visual search for faces as well. The pres-

Shen & Reingold, 2001; Wang et al., 1994). On the other 
hand, in line with our results, Mruczek and Sheinberg 
(2005) studied familiarity with heterogeneous displays 
of real objects and found that under certain conditions, 
familiar targets become more salient than novel targets. 
This salience failed to generalize to previously unseen ex-
emplars of the same category, since the subjects were not 
category experts. The present study expanded on these 
results by testing the salience of entire expert categories, 
even for previously unseen specific exemplars.

The second goal of the study was a comparison of face 
search with search for expert objects. Search efficiency 
was highest for faces, intermediate for expert objects, and 
lowest for regular objects. Importantly, the advantages for 
cars and birds were found only for people who were ex-
perts in the relevant category and not for those who were 
expert in the other category. The fact that different types of 
experts searched the same displays controlled for any po-
tential confound that might arise from birds or cars being 
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Table 1 
Calculated Slope Coefficients

  Face Target 
Search

 Expert Target 
Search

 Control Target 
Search

Nmax (items) 33.02 30.98 29.11
k (msec 1) 0.0023 0.0013 0.0007
t0 (msec) 585.1 652.0 757.0
Nmax k (items/msec) 0.08 0.05 0.02
R2 (%)  99.89  99.62  99.24
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template” would presumably be effective mostly at the 
fovea (for the simple reason that some distinctions be-
tween bird species are relatively minute).

How is the search advantage for faces and objects of ex-
pertise achieved? Two different mechanisms are likely to 
be responsible. First, our data indicate a spatial advantage 
for the favored category, enabling subjects to fixate on one 
point in space and detect the presence of the favored cat-
egory in the surrounding group. This may be achieved by a 
peripheral detection mechanism or the ability to check for 
target presence in a group of distractors simultaneously. 
Second, the shorter search times for objects of expertise at 
the center of the search display indicate that these objects 
are detected faster at fixation as well, enabling a greater 
number of, and more rapid, fixations. Favored targets 
might also be detected during saccadic eye movements, by 
selective sparing of saccadic suppression (Burr, Morrone, 
& Ross, 1994), although the speed of saccades and the na-
ture of the sparing mechanism make this option unlikely. 
Search for faces and for targets of the category of subject 
expertise was more efficient in two ways: Detection time 
was shorter for favored targets presented at fixation, and 
this ability for faster detection was present for a wider vi-
sual field, as quantified by the number of items detected 
at half the longest RT for that category. For faces espe-
cially, the coverage of the visual field is quite rapid; face 
presence is detected in 70% of the field 400 msec after it 
is detected at fixation, and 94% of the visual field is cov-
ered after 600 msec. These time frames make it difficult to 
explain the face advantage by faster detection at fixation 
only, since they allow for only a couple of additional fixa-
tions. Rather, we conclude that objects of expertise—and 
especially faces—must have a spatial, possibly parafoveal 
advantage.
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