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What makes eyes special? Common experience sug-
gests that the eyes are a point of attraction when we look
at faces. Even infants look at the eyes more than anywhere
else in the face (Maurer, 1985). Notably, a simple stimulus
made with three blobs corresponding to eyes and mouth
within a frame is sufficiently face-like to induce newborns
to look preferentially to it (Valenza, Simion, Macchi Cas-
sia, & Umiltà, 1996); moreover, newborns show a pref-
erence for a face with the eyes open in comparison with
the same face with the eyes closed (Batki, Baron-Cohen,
Wheelwright, Connellan, & Ahluwalia, 2000).

In many cases, the eyes are an important source of so-
cial information for the observer (Argyle & Cook, 1976).
Gaze direction may indicate the spatial position of an in-
teresting event in the environment (i.e., food or danger)
and may therefore activate a form of shared attention be-
tween two conspecifics (Butterworth & Jarrett, 1991).
Baron-Cohen (1994) proposed the existence of an innate
brain mechanism subserving processing of gaze direc-
tion (the eye direction detector [EDD] ). Recent studies
have shown that babies can detect gaze direction very
early in life (Maurer, 1985; Vecera & Johnson, 1995) and
use it to direct attention(Hood, Willen, & Driver, 1998).

A number of studies suggest that social cues such as
direction of gaze, but also head, mouth, and hand move-
ments, are processed by a specific cortical region in and
near the superior temporal sulcus (STS; see Allison,
Puce, & McCarthy, 2000, for a review). STS neurons

recorded in monkeys respond selectively to faces and to
different directions of gaze (Bruce, Desimone, & Gross,
1981; Perrett et al., 1985), and STS activity has been re-
lated to perception of gaze in recent neuroimaging stud-
ies with human participants (Hoffman & Haxby, 2000;
Wicker, Michel, Henaff, & Decety, 1998).

There are two lines of evidence that suggest that gaze
direction is processed rapidly and automatically(see, e.g.,
Langton, Watt, & Bruce, 2000, for a review). One makes
use of a version of Posner’s (1980) cuing paradigm. Basi-
cally, it shows that central gaze cues trigger reflexive vi-
sual orienting the way abrupt, peripheral visual cues are
known to do, and perhaps as directional symbolic cues do
also (Hommel, Pratt, Colzato, & Godijn, 2001; Tipples,
2002). For example, Driver, Davis, Kidd, Maxwell, Ric-
ciardelli, and Baron-Cohen (1999; see also Friesen &
Kingstone, 1998) presented a picture of a face gazing in
a particular direction to cue observers to the position of a
target stimulus. It was found that the observers could not
avoid attending to the location signaled by gaze direction
even when they knew that the cue was invalid and/or were
explicitly instructed to ignore it. Also, the role of gaze di-
rection in spatial attention was suggested by the imaging
study of Hoffman and Haxby (2000), who showed that
faces with averted eye gaze elicited activity in the intra-
parietal sulcus, which is known to be involved in spatial
attention (see, e.g., Corbetta, Shulman, Miezin, & Peter-
son, 1995). Direction of gaze very likelyneeds to be trans-
formed into a directional, spatial code to drive a shift of at-
tention. The demonstration that gaze cues automatically
trigger orienting strongly suggests that such a transfor-
mation takes place.

Other evidence of transformation of gaze direction into
a spatial code derives from a second line of evidence that
makes use of a Stroop-like interference paradigm. For ex-
ample, in one experiment Langton (2000) used a combi-
nationof head and gaze cues. Participantswere asked to re-
spond to the orientationof the head (i.e., the task-relevant
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information) and to ignore gaze direction (i.e., the task-
irrelevant but potentially interfering information).The re-
sults showed that speed of response depended on whether
or not gaze direction was congruent with head direction.
Langton obtained similar results in another experiment,
in which the task-relevant information was a spoken di-
rectional word and the task-irrelevant information was,
again, gaze direction. This is no doubt strong evidence of
the extraction of spatial information from gaze. How-
ever, although the participants were instructed to ignore
the direction of gaze, the task they were asked to perform
still required processing of spatial information carried by
the target. In our view, even more compelling evidence
in support of the automatic generation of a spatial code
concerning gaze direction would come from an experi-
mental condition in which the task required processing
of a nonspatial feature of the stimulus.

In the present study, we used a classic and robust be-
havioral paradigm called the Simon task (Lu & Proctor,
1995; Simon & Craft, 1970; Umiltà & Nicoletti, 1990),
in which spatial information is completely irrelevant to
the task. In a typical Simon task, participants are pre-
sented with one of two colored lights and are instructed
to press the left key in response to one color and the right
key in response to the other. Even though stimulus posi-
tion is irrelevant for performing the task (i.e., the color
discrimination), the response is faster, and often more
accurate, when the position of the stimulus (left or right
on the display) corresponds to the position (left or right)
of the response key (i.e., corresponding S–R pairings)
than when it does not (i.e., noncorresponding S–R pair-
ings). It is clear that in the Simon task a spatial code is
generated for the irrelevant stimulus-locational attribute,
which, in turn, affects response selection (see, e.g., Lu &
Proctor, 1995; Zorzi & Umiltà, 1995).

In the variant of the Simon task used in the present
study, the task-relevant informationwas eye color, whereas
the task-irrelevant information was gaze direction. Ex-
periment 1 was devoted to showing that there is a Simon
effect solely attributable to gaze direction, and in Exper-
iments 2 and 3 we assessed whether the effect is specific
for eye-like stimuli. The use of the Simon task allows one
to investigate whether the spatial code for gaze direction
is computed by a mechanism different from a general-
purpose spatial coding mechanism. We varied orthogo-
nally the location of the gaze stimulus in the visual field
and the gaze direction, and asked whether the Simon ef-
fect attributable to spatial position and the Simon effect
attributable to gaze direction are additive or interactive.
If they are additive, by applying the logic of the additive
factor method (AFM; Sternberg, 1969), one may conclude
that the two spatial codes are produced by two indepen-
dent mechanisms. This was done in Experiment 4.

EXPERIMENT 1

On each trial, the participants were presented with an
eye-like stimulus (see Figure 1) consisting of two ellip-

tic frames, each of which contained a colored circle
(“iris”). The stimulus appeared in the center of the com-
puter screen, and the participants’ task was to respond
quickly and accurately to the color of the “irises” (blue
or green) by pressing one of two response keys located
left and right of body midline. The participants were not
informed that the stimulus was intended to resemble
eyes, and the instructions referred only to the shapes pre-
sented in the display. The colored circles could be lo-
cated in the center, on the left, or on the right within the
elliptic frames, to produce three directions of gaze. It
was still possible, however, that the position of the “iris”
within the frame could generate a spatial position code.
This was controlled by centering either the frames
(frame-centered condition) or the colored circles (target-
centered condition) with respect to the fixation point.

We used a simple drawing of schematic eyes, as King-
stone, Friesen, and Gazzaniga (2000) did. Other studies on
gaze direction have instead used schematic faces (Friesen
& Kingstone, 1998) or pictures of real faces (Driver et al.,
1999; Hietanen, 1999; Langton, 2000).

Method
Eighteen students of the University of Padua (mean age =

24 years) participated in the experiment. All of them had normal or
corrected-to-norm al vision. The participants were seated about
60 cm from the screen of a 14-in. Trinitron color monitor driven by
a Power Macintosh 6100/66 computer. The visual display com-
prised a 0.7 º 3 0.7 º central fixation cross. The overall size of the
stimulus, which comprised two elliptic frames (8.6º in size), was
20º. The size of the colored target was 3.8º, and the stimulus was
centrally presented.

There were two conditions of alignment of the eyes with respect
to the fixation point. In the frame-centered condition, the frames
were always in the same display position for all the stimuli, and the
colored circle was located in the center, left, or right within each
frame. In the target-centered condition, the colored circles were al-
ways in the same position on the screen, and the frames were moved
to the left or to the right to create the different gaze directions. Note
that this produced a slight shift of the entire configuration to the side,

Figure 1. Example of the display used in Experiment 1: Green
“irises” with right gaze direction. The entire set of stimuli was
made by the combination of two colors (blue and green) and three
different gaze directions (center, right, and left).
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but in the direction opposite gaze direction (e.g., the left-gazing
stimulus was slightly shifted to the right with respect to the center-
gazing stimulus).

The responses were executed by pressing one of two keys on the
computer keyboard (D and L). The D key was located to the left of
body midline and was operated by the left index finger, whereas the
L key was located to the right of body midline and was operated by
the right index finger.

The experiment was divided into two different blocks, with each
block comprising 180 trials in one alignment condition (frame cen-
tered vs. target centered). The order of the alignment conditions was
counterbalanced between participants. An equal number of pictures
was presented, in random order, for the left, right, and central gaze
directions. Each participant started the session with 24 practice tri-
als. A trial started with the presentation of a central f ixation cross
for 450 msec. After 50 msec from fixation offset, a stimulus was
presented until a keypress response was made. Half of the partici-
pants were instructed to respond to the blue color by pressing the
right key (L) and to the green color by pressing the left key (D),
whereas the other half received the opposite instructions. The blue
and green stimulus colors were evenly distributed among the three
gaze-direction conditions.

Results and Discussion
Errors were few (less than 4%) and evenly distributed

among conditions. Therefore, they were not analyzed.
An analysis of variance (ANOVA) was performed on
correct mean reaction times (RTs) calculated for each
subject as a function of alignment condition (target cen-
tered vs. frame centered) and spatial correspondence be-
tween gaze direction and response side (corresponding
vs. noncorresponding vs. neutral). Even though gaze di-
rection was irrelevant to the task, the participants were
faster to respond to the color when the side of the response
key corresponded with gaze direction than when it did
not [F(2,34) = 12.32, MSe = 432.7, p < .001]. RTs for
corresponding trials were significantly shorter than RTs
for neutral (central) trials [380 vs. 390 msec; F(1,17) =
15.00, p < .01], which, in turn, were significantly shorter
than RTs for noncorresponding trials [390 vs. 404 msec;
F(1,17) = 7.89, p < .025]. The two alignment conditions
(frame centered vs. target centered) were not statistically
different (F < 1), and the alignment factor did not inter-
act with spatial correspondence. Note that the 24-msec
effect (i.e., the RT difference between noncorresponding
trials and corresponding trials) is not a regular Simon ef-
fect, because the stimulus was not lateralized. Appar-
ently, this was a “gaze-direction Simon effect.”

After completion of the experiment, the participants
were asked to describe the stimuli they had just seen. All
but 1 (17 of 18) spontaneously referred to them as eyes.

EXPERIMENT 2

To confirm that the directional effect was indeed pro-
duced by the eye-likeness of the stimuli, we ran a control
experiment in which the stimuli had similar physical
characteristics but were not eye-like (Figure 2). The par-
ticipants were asked to respond to the color of the filled
squares that were located in the center, on the left, or on
the right within the larger square frames.

Method
Eighteen students of the University of Padua (mean age = 22)

who fulfilled the same criteria as did those in Experiment 1 partic-
ipated in Experiment 2. The apparatus and procedure were as in Ex-
periment 1, with the exception that the two frames were squared
(8.6º in size) and the colored target was a filled square (2º in size).
The size of the filled squares was smaller than that of the “irises”
in Experiment 1, because we wanted to render the stimuli as little
like eyes as possible. Because of that, in order to maintain the same
eccentricity as in Experiment 1, the filled squares did not reach the
border of the frame. As in Experiment 1, there were two conditions
of stimulus alignment (frame centered vs. target centered) with re-
spect to fixation.

Results and Discussion
Errors constitutedfewer than 5% of responses and were

evenly distributed among conditions. They were not an-
alyzed.None of the sources was significant in the ANOVA,
which was based on the same factors as in Experiment 1.
The main effect of spatial correspondence was very close
to significance [F(2,34) = 3.25, MSe = 694.0, p = .0519].
Importantly, however, that was due entirely to the differ-
ence between neutral and noncorresponding trials [422
vs. 437 msec; F(1,17) = 7.99, p < .025], whereas RTs for
corresponding and noncorresponding trials were very
similar [432 vs. 437 msec; F(1,17) = 1.46, p = .243].
Thus, RT was not influenced by whether or not the spa-
tial position of the colored square corresponded to the
response side. Neither the factor of alignment nor its
interaction with spatial correspondence was significant
(both Fs < 1.5).

As in Experiment 1, after completion of the experi-
ment, the participants were asked to describe the stimuli.
None of them referred to them as eyes. To confirm that
the eye-like stimuli were processed in a different way, a
combinedanalysis of Experiments 1 and 2 was performed,
with experiment (Experiment 1 vs. Experiment 2) as a
between-subjects factor and correspondence (corre-

Figure 2. Example of the display used in Experiment 2: Green
squares on the right side of squared frames. The entire set of
stimuli was made by the combination of two colors (blue and
green) and three different positions of the colored squares (cen-
ter, right, and left).
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sponding vs. noncorresponding vs. neutral) as a within-
subjects factor. Mean RTs (collapsed over the two frame-
target alignment conditions) are plotted in Figure 3. The
ANOVA revealed a significant interaction between ex-
periment and correspondence [F(2,68) = 4.11, MSe =
281.1, p < .025]. This shows that the effect we found in
Experiment 1 was indeed a “gaze-directionSimon effect.”

EXPERIMENT 3

The claim that the gaze-direction Simon effect is pro-
duced by the eye-likeness of the stimuli in Experiment 1
rests on the null result (i.e., the absence of a significant
Simon effect) obtained with the control stimuli in Ex-
periment 2. The purpose of Experiment 3 was to repli-
cate these results using a more powerful, within-subjects
design. Thus, the participants responded in two separate
blocks to eye-like stimuli and to control stimuli.

Method
Twenty students of the University of Padua (mean age = 26.7)

who fulfilled the same criteria as did those in Experiment 1 partic-
ipated in Experiment 3. None of them had taken part in either of the
previous experiments. The apparatus and procedure were as in Ex-
periment 1. The stimuli used in Experiment 1 (eye-like) and Exper-
iment 2 (control) were presented in two separate blocks. The order
of the two blocks was fixed, with the control stimuli always pre-
sented before the eye-like stimuli. The procedure was specifically
designed this way to avoid a carry-over effect of the eye-like stim-
uli on the control stimuli. That is, seeing the eye-like stimuli first
would produce a strong tendency to perceive the squares of Exper-
iment 2 as eyes. Indeed, one anonymous reviewer of this article
pointed out that the control stimuli looked somewhat eye-like to

him. However, when seen out of context (i.e., without any reference
to eyes), the control stimuli were simply described as squares: None
of the the participants in Experiment 2 described the stimuli as eyes
or made reference to eyes (in sharp contrast to the participants in
Experiment 1, all but 1 of whom spontaneously described the el-
liptical stimuli as eyes).

Results and Discussion
Errors constituted fewer than 2% of responses and

were evenly distributed among conditions. They were
not analyzed. An ANOVA was performed on correct
RTs, calculated for each subject as a function of stimu-
lus type (eyes vs. control), alignment condition (target
centered vs. frame centered), and spatial correspondence
(corresponding vs. noncorresponding vs. neutral).

The main effect of spatial correspondence was signif-
icant [F(2,38) = 8.12, MSe = 321.8, p < .005]. However,
it was qualified by a significant interaction with stimu-
lus type [F(2,38) = 3.33, MSe = 265.2, p < .05]. That is,
the participants showed a spatial correspondence (Simon)
effect only with the eye-like stimuli (18 msec vs. 4 msec).
For the control stimuli, RTs for corresponding(410 msec),
neutral (412 msec), and noncorresponding (414 msec)
trials were not significantly different (for all contrasts,
ps > .1). Although the difference only approached sig-
nificance, for eye-like stimuli, RTs for corresponding
trials were shorter than RTs for neutral (central) trials
[391 vs. 398 msec; F(1,19) = 4.01, p = .06]. In turn, RTs
for neutral trials were significantly shorter than RTs for
noncorresponding trials [398 vs. 409 msec; F(1,19) =
4.55, p < .05]. No other main effect or interactionwas sig-
nificant. Thus, the results mirror those of Experiments 1
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and 2. Only the eye-like stimuli produced a significant
effect of spatial correspondence—that is, a gaze-direction
Simon effect. Here and in the previous experiments, the
small, nonsignificant Simon effect for the control stim-
uli might be due to the slight bias of the square away from
the edge of the square, which was lacking in the case of
the eye-like stimuli.

In Experiment 3, the control stimuli were always pre-
sented before the eye-like stimuli. Even though there is
no evidence whatsoever in the literature that the Simon
effect emerges only with practice, there is the possibility
that the difference between conditions in the present ex-
periment were due to the fixed order of stimulus presen-
tation. One can explore this possible confound by exam-
ining the data from Experiment 1 separately for the first
and second blocks. The Simon effect was nearly identi-
cal in both blocks (24 and 25 msec, respectively).

EXPERIMENT 4

In Experiment 4, the participants were presented with
the same eye-like stimuli as in Experiment 1 (with target-
centered alignment), but the stimulus could appear either
on the left side or on the right side of the computer screen
(Figure 4). The participants were asked to make a two-
choice decision on the basis of the color of the “irises”
and to ignore their spatial position.However, we expected
the lateralized presentation of the stimulus to produce a
regular Simon effect—that is, faster responses when the
position of the stimulus corresponded to the position of
the response key than when it did not. Therefore, we
asked whether the effect of gaze direction could still be
found and, if so, whether it would interact with the regu-
lar Simon effect or not. Evidence for non-interactivity
(i.e., additivity)of the two effects would provide evidence
for their reliance on different mechanisms (i.e., the AFM
logic; Sternberg, 1969).

Method
Sixteen students of the University of Padua (mean age = 25) who

fulfilled the same criteria as did those in Experiment 1 participated
in Experiment 4. The apparatus and procedure were as in Experi-
ment 1, with the exception that the eye-like stimulus was presented
on the left or on the right of the display, so that the “iris” nearest the
center was at a distance of 5º from the fixation cross. For each display
position, the alignment of the stimulus with respect to the fixation
point was target centered. There were 120 trials for each of the two
possible screen locations (left vs. right), for a total of 240 trials.

Results and Discussion
Errors constituted fewer than 3% of responses and

were evenly distributed among conditions. They were
not analyzed. Mean RTs were computed for each partic-
ipant as a function of the correspondence between stim-
ulus position and response side and of that between gaze
direction and response side (see Figure 5). The ANOVA
revealed that the participants were faster to respond
when stimulus position and response side corresponded
than when they did not [423 vs. 444 msec, respectively;
F(1,15) = 20.13, MSe = 495.9, p < .001]. This is a regu-
lar Simon effect, produced by the automatic coding of
the (irrelevant) information about stimulus position (Lu
& Proctor, 1995; Zorzi & Umiltà, 1995). However, the
participants were also faster to respond when gaze direc-
tion corresponded to the response side than when it did
not [F(2,30) = 15.40, MSe = 491.3, p < .001]. RTs were
420 msec for corresponding gaze direction, 430 msec for
neutral (central) gaze direction, and 450 msec for non-
corresponding gaze direction. The differences between
corresponding trials and neutral trials [F(1,15) = 7.86,
p < .025] and between neutral trials and noncorrespond-
ing trials [F(1,15) = 12.02, p < .005] were significant.
Crucially, the two effects did not interact (F < 1), sug-
gesting that the effect of spatial correspondence and the
effect of gaze direction are additive.

After completion of the experiment, the participants
were asked to describe the stimuli. All of them referred
to them as eyes.

GENERAL DISCUSSION

In this article, two basic claims are made. One is that
gaze direction produces an automatic spatial code that, in
turn, produces a Simon effect. The second is that the au-
tomatic spatial code is specific to eye-like stimuli and,
thus, supports Baron-Cohen’s (1994) EDD hypothesis.We
believe that the present results strongly support the first
claim and are compatible with the second. In particular,
the results of Experiment 4 speak to the issue of the exis-
tence of a specialized spatial coding mechanism and pro-
vide evidence that the eye-like stimulus generates a spa-
tially defined code of gaze direction that is independentof
spatial codingof stimulus position.Recent accounts of the
Simon effect (Lu & Proctor, 1995; Tagliabue, Zorzi,
Umiltà, & Bassignani, 2000; Zorzi & Umiltà, 1995) em-
phasize that coding of the (task-irrelevant) spatial infor-
mation must be fast and automatic to influence a simple
two-choice task based on nonspatial information. Simi-

Figure 4. Example of the display used in Experiment 4: Green
“irises” with right gaze direction positioned on the left side of the
display. The entire set of stimuli was made by the combination of
two colors (blue and green), three different gaze directions (cen-
ter, right, and left), and two positions on the display (left and
right).
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larly, we must assume that gaze direction is fast and auto-
matically detected at the initial stages of visual processing
in order to influence RT in the color discrimination task.

Our study suggests that gaze direction is processed by
a specialized mechanism, such as Baron-Cohen’s (1994)
EDD module. It is conceivable, however, that this mech-
anism operates not only on gaze but also on other social
cues, such as head direction (see, e.g., Langton, 2000)
and hand gestures (see, e.g., Langton & Bruce, 2000;
Langton, O’Malley, & Bruce, 1996). This is consistent
with the results of neurophysiological and neuroimaging
studies that investigated the response properties of STS
neurons (see Allison et al., 2000, for a review).

Other directional symbolic cues, such as arrows, might
also produce a Simon effect (as was recently shown by
Masaki, Takasawa, & Yamazaki, 2000). In addition,
there is preliminary evidence that arrow cues trigger au-
tomatic shifts of spatial attention (Tipples, 2002), as
does gaze direction. These findings, however, do not call
into question the existence of a specialized processing
mechanism for eye gaze. In fact, the processing mecha-
nism for eye gaze might be innate (see, e.g., Batki et al.,
2000), whereas arrows and perhaps other social cues
(e.g., hand gestures) no doubt acquire a directional value
through experience. Our study is in accord with the no-
tion that eye-like stimuli have a special status in visual
processing and provide early constraints on the alloca-
tion of spatial attention.
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