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Abstract—Observers seem surprisingly poor at detecting chang

images following a large transient or flicker. In this study, we conother real objects for attention. This was the hypothesis of the pre

pared thischange blindnesphenomenon between human faces
other common objects (e.g., clothes). We found that changes
detected far more rapidly and accurately in faces than in other

jects. This advantage for faces, however, was found only for uptigire sometimes remarkably poor at detecting changes betweer

faces in multiple-object arrays, and was completely eliminated w
displays showed one photograph only or when the pictures werg
verted. These results suggest a special role for faces in competitio
visual attention, and provide support for previous claims that hun
faces are processed differently than stimuli that may be of less
logical significance.

Faces are meaningful stimuli, of great social and biological
portance. Indeed, single-cell recordings (e.g., Perrett, Hietanen, G

& Benson, 1992), neuroimaging studies (e.g., Kanwisher, McDermdt!,

& Chun, 1997), and neuropsychology (e.g., De Renzi, 1986) h
pointed to brain areas selectively activated by faces. Such evid
has led to proposals that face processing may be subserved
specialized module that results in automatic and mandatory pro
ing of faces (Farah, 1995). However, despite this neural evidence
face processing may be special, there is little behavioral evidenc
this claim.

Although some studies have demonstrated unique sensitivit
face perception to configural information (Tanaka & Farah, 199
other studies have shown that objects other than faces can ag

similar configural sensitivity after extensive training (Gauthier |&

Tarr, 1997). In addition, although facial expressions and gaze d
tion seem to have a special capacity to attract attention (Driver e

1999; Friesen & Kingstone, 1998; Langton & Bruce, 1999; Mack &

Rock, 1998), neutral faces typically require serial search, which
plies that their perception is not automatic, but rather requires a
tion (Brown, Huey, & Findlay, 1997; Kuehn & Jolicoeur, 199
Nothdurft, 1993; Suzuki & Cavanagh, 1995).

These visual search studies, however, have used fairly artif
experimental situations. For instance, most of these studies have
inverted or scrambled faces for nontarget stimuli, and schematic
drawings that do not convey all the information real faces con
have been used as targets. It remains possible, then, that faces
draw more attention than other objects if all stimuli in the array w|
photographic images of real objects. Moreover, even if face per
tion is not automatic but rather depends on attention, faces may
have a special capacity to attract attention for further processing.
attention-capturing property of faces should become apparent,
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aver, only in situations in which real face stimuli are competing

retudy. To investigate it, we employed a recent paradigm that has
wesed to investigate visual attention in more lifelike settings.
pb- Rensink, O’'Regan, and Clark (1997) demonstrated that subjects
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henages of real-life scenes when the images are separated by a
e transient, so that they appear to flicker. This phenomenon is ter
nébange blindnes§for reviews, see Simons, 2000; Simons & Levi
nak®97). For example, subjects failed to detect that an airplane er
biwas removed between scenes. Attention seems to play an impc
role in change detection, as subjects are more likely to detect a ch
when attention is precued to the object of change. From our hyp
esis about the special attention-capturing quality of faces, we reas
pthat attention would be spontaneously cued to a face even in
r&lpﬁ:ence of any instruction (cf. Levin & Simons, 1997). Thus, we
edicted that any changes concerning faces would be noticed more
a adily than changes concerning other competing objects. We tested
e 'é prediction in two experiments.
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EXPERIMENT 1
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Figure 1 depicts the sequence of events in each trial in Experi
y P Photographs of six objects from six different categories (fa

)od, clothes, musical instruments, appliances, and plants) were
A8¥fted on each display, with the center of each object placed 5°
ixation. Six instances (e.g., six different faces, six different ap
'%fces) from each category were used throughout the experin
t‘%lpart from the faces, the objects selected for each category
‘®hosen to be maximally different from one another in terms of t
IMverall shape, (e.g., a rectangular toaster and a round fan were in-
t®Maded in the appliance category). All the faces used, however,
#similar overall shape and were of the same sex (female). We selected
the stimuli in this way to minimize low-level visual differences bie-
ct@leen the changing faces and to maximize such differences for the
usieghging objects in the other categories, so that any advantage for
fdaees in change detection could not be attributed to the faces heing

véyss visually similar than the objects in the other categories. (We jalso
wadlttressed this issue directly in Experiment 2.)
ere Each trial cycled through two displays (533 ms each) separated by

cepblank interval (83 ms) until a response was made or 20 s elapsed. On
dtidllf of the trials, the displays were identical to one another (no-change
Thandition). In the other half (change condition), between displays jone
havfthe objects changed to another object of the same category (€.9., a
face changing to another face). Twelve subjects were asked to make
a speeded forced-choice response to indicate the presence or alpsence
p&f-a change between displays. After this speeded response, supjects
iwere asked to report which, if any, of the six categories had changed.
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A total of 144 trials was run after a short block of practice.
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Fig. 1. Example of the events for a typical trial in Experiment 1.

object items appeared for 533 ms. A transient (blank white screen) was then presented for 83 ms, followed by the presentation of
frame of objects for another 533 ms. Another transient was then presented, and this sequence repeated until the subject responded

Following an intertrial interval of fixation for 2,000 ms, the first fral

me of
he seco
,or20s

elapsed. Six objects, one from each of six different categories (faces, food, clothes, musical instruments, appliances, and plants), vaere preser

in each display, and the center of each object was placed 5° fro

Figure 2 shows the mean detection response time (RT) and
rate for each category in change-present triame-way analyses o
variance (ANOVAs) on these RTs and error rates showed a signifi
main effect of category for bottE(5, 55) = 5.35,p < .001, for RTs;
F(5, 55) = 5.73,p < .001, for error rate$ More important, as can b
seen in Figure 2, this effect of category could be attributed to chg

1. Note that no-change trials cannot be broken down by category.
mean RT for the no-change trials was 4,931 ms.

2. The analysis of errors was based on misses, as most errors in Expering@f€ction for faces versus the other categories. This effect, how

1 (133 of 138 errors in total) were due to misses rather than false positives|

m fixation. Across trials, six instances from each category were u

brdetection being reliably faster and more accurate for faces than fo
f other categoryF(1, 11) = 8.42,p < .02, for RTs;F(1, 11) = 13.46,
cant .01, for error rates.
At the end of the experiment, we also asked subjects to rate
e difficulty of change detection for each category on a scale fron
in@eost easyto 6 (most difficult see the line graphed in Fig. 2). Al
though change detection was superior for faces compared with a
the other objects, subjects nonetheless judged the faces to b
Thecond-hardest category for perceiving these changes!
Thus, Experiment 1 demonstrated a clear advantage in ch

| Thd not appear to have any conscious influence on subjects’ diffic

sed.
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accuracy for reporting which object changed was 99%.
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Fig. 2. Mean response times (RTs) and percentage erro

difficult). Error bars represent $E

as faces were concerngVe return to this discrepancy after discus
ing Experiment 2.

EXPERIMENT 2
Experiment 2, which consisted of two subexperiments, was
ducted to determine whether the advantage for faces in change d
tion, as measured in Experiment 1, could be explained by factors
than attention, such as low-level image properties.

Experiment 2a
In Experiment 2a, we presented just one (changing or unchang

3. There was a better correspondence between ratings and actual g
mance for the other categories (apart from instruments, the order of diffig
was the same in the ratings and detection RTs). This suggests that su
ratings were likely based on the difficulty of change detection rather tha
some other impression, such as the difficulty of stimulus identification (
possibility is also unlikely considering that identification accuracy in report
which object changed was 99%). It might be argued that the impression tl
is difficult to detect a change in faces actually led to a strategy of focu
attention on the faces. However, analyses on trials in which change dete
occurred within 1.5 cycles showed that faces were still the fastest and

Experiment 1. The line above the bars shows the mean difficulty ratings for the categoresr(dst easy6 = most

object in every display, thus eliminating any need for one objec] f

rs for change detection in each category in change-present trials

seompete for attention with other objects. In such a situation, atter
can be fully allocated to the single object, and change detection sh
therefore be mainly determined by visual similarity of the chang
objects. If the detection advantage for faces observed in the pre
Of%periment was indeed due to the faces winning over other objed
eé%?ﬁpetition for attention, then no such advantage should be fq
Offen competition for attention is eliminated.
As before, one object changed to another object from the s
category in a random 50% of the trials. The single object was
.sented in any of the six positions used in Experiment 1. The durg
)the displays was reduced to 100 ms to speed up the flicke
t Hereby compensating for the reduced difficulty and emphasizing |

elfefore. Twelve new subjects participated in this experiment.
ulty One-way ANOVAs demonstrated a significant effect of categ
J‘iﬁ";‘;ﬁ'change-detection RTB(5, 55) = 3.03,p < .02, and a nonsignif-
flnt trend in the error ratep ¢ .10). As can be seen in Figure 3a, a

Bais

L ipwer for faces than for any of the other categorfgg, 11) = 6.11,
iRy < .05. Figure 3b shows a similar pattern for the no-change tr
chwmely, a significant difference in RTs between the categoFi€s,
1ea6) = 3.76,p < .01, mainly due to slower RTs in trials with faces th

level feature changes. The duration of the transient was 83 ms
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Unlike in Experiment 1, change-detection RTs were significantly

als,

AN

missed category. This makes it unlikely that the face advantage was stral
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teictrials with other objectsf(1, 11) = 6.18,p < .05. This suggests
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Fig. 3. Mean response times (RTs) and percentage errors for change detection in Experiment 2a. Results for

the change trials (a) and no-change trials (b) are

shown separately. Error bars repi@8ent 1

that the faces used were indeed more similar to one another than théeExperiment 2b

different objects within the other categories, as expected from the
we selected our stimufi.

4. Interestingly, the order of difficulty in detection RTs in Experiment
closely matched the order of the ratings of difficulty in Experiment 1 for all
categories (apart from instruments, just as the order of the difficulty rating
instruments did not match the order of the RT for instruments in Experin

way
Experiment 2b was run to further rule out a low-level image-ba
account of the competition advantage for faces in Experiment 1.
example, the attentional advantage for faces among other objeq
ra
he
fof change detection, an impression that seems to have been based on the
nesimilarity between the changing objects, rather than on their ability to cap

1). This further confirms that the ratings were based on the subjective diffiauiytention.
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the faces. Thus, Experiment 2b used the multiple-object settin
Experiment 1 (and the same timing: 533 ms for each display an
ms for the transient), but with all the objects inverted.has been
shown that inversion impairs recognition of faces more than rec
tion of other objects (Yin, 1969). If the face advantage measure
Experiment 1 was low-level image driven, it would be found agai
this experiment. However, if the face advantage is dependent on theNotice that our findings of preferential attention to faces do
semantic processing of faces, it would not be found for inverted facésply that face processing is automatic, in the sense that it is capa
Unlike in the other experiments, there was no main effect of objetee and therefore independent of attention. Rather, as discussed
category for RTs in this experimenE(5, 55) = 2.02,p = .09. | introduction, faces may depend on attention for their processing
Detecting a change between inverted faces was not faster or mdeenonstrated by the previous visual search studies, e.g., Kue
accurate than detecting changes between other objects. The megn®lisoeur, 1994), but benefit from having a higher priority in receiv
across the 12 new subjects were 1,842, 1,869, 1,883, 1,966, 1,972,@mdl engaging attention, compared with other objects that may K
2,013, for the food, musical instrument, clothes, face, appliance,|deds significance to the observer. We note that because a ch
plant categories, respectively. Although there was a main effegt @fcurred on 50% of the trials, and was equally likely in any of
object category in the error ratds(5, 55) = 2.20,p < .025, unlike in | categories, the probability of a face change was only 8%. Such a
Experiment 1 the face category did not have the least proportion mbbability makes it unlikely that the face advantage in our task
errors. The mean error rates across subjects were 15.1, 18.8, | 28u@tegic.
24.5, 29.2, and 32.3% for the food, face, clothes, musical instrument, Moreover, subjects’ ratings of difficulty revealed that they we
appliance, and plant categories, respectively. Notice that the ovietalware of the face advantage (despite a close match between
RTs were faster in this experiment than in Experiment 1, but efroulty ratings and detection RTs for most nonface objects). Perhap
rates were overall higher (average error rate on change and no-chaaitgntional advantage of faces is involuntary and not open to subj
trials combined was 22% in Experiment 2b vs. 9% in Experiment 1dwareness (see Kramer, Hahn, Irwin, & Theeuwes, 1999; Theeu

83ange detection to attentional factors rather than salience. Fu
more, our study shows that face perception need not be special
general sense (e.g., Gauthier & Tarr, 1997), but rather that any
advantage crucially depends on a situation of competition for af
ition.

experiment may indicate reduced processing for the inverted objedapture in the absence of awareness).
resulting in performing the task on the basis of a more speedy|andAlthough our studies may not allow us to decide on the exact
error-prone low-level detection of feature changes. of conscious awareness in change detection, or in the preferg
allocation of attention to faces, they clearly indicate that the deteg
advantage for faces is independent of awareness. We concludg
DISCUSSION human faces constitute a special stimulus for attention, and for ch
detection. Although it is presently unclear why faces summon at]
Our study shows that faces play a special role in attention (E¢on, future studies should indicate the necessary conditions fo
periment 1), and that a low-level feature-based account cannot explaéialing theses effects, and thus provide clues as to what is sp
their special status (Experiments 2a, 2b). A change-detection advabBout faces.
tage for faces was found only when faces competed with other objects

for attention (Experiment 1), but was eliminated when inverted OJ'Acknowledgments—This work was supported by a Human Frontiers Ski

Experiment 1 could have been caused by a greater image salierjcenedlved a control for these factors, because we varied orientatior]sand
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These findings imply a special status for faces in competition |fpr
selective attention, and are consistent with recent findings that facial
expressions have a unique capacity to draw attention (Mack & Rpck,
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