
 

PSYCHOLOGICAL SCIENCE

VOL. 9, NO. 2, MARCH 1998 Copyright © 1998 American Psychological Society

 

131

Abstract—

 

Two experiments examined whether infants shift their visual
attention in the direction toward which an adult’s eyes turn. A comput-
erized modification of previous joint-attention paradigms revealed that
infants as young as 3 months attend in the same direction as the eyes of
a digitized adult face. This attention shift was indicated by the latency
and direction of their orienting to peripheral probes presented after the
face was extinguished. A second experiment found a similar influence of
direction of perceived gaze, but also that less peripheral orienting
occurred if the central face remained visible during presentation of the
probe. This may explain why attention shifts triggered by gaze percep-
tion have been difficult to observe in infants using previous naturalistic
procedures. Our new method reveals both that direction of perceived
gaze can be discriminated by young infants and that this perception

 

triggers corresponding shifts of their own attention. 

 

The direction of other people’s gaze can reveal where they are
attending, and thus indicate sources of potential interest or danger in
the environment. Gaze monitoring may have played a crucial role in
the evolution of socialization (Humphrey, 1976). In infants, the emer-
gence of the tendency to look where another person looks is a funda-
mental landmark in the development of referential communication. In
standard paradigms for measuring this behavior (Butterworth & Jar-
rett, 1991; Corkum & Moore, 1995; Scaife & Bruner, 1975), normal
infants 10 to 12 months old are reliably found to look in the direction
toward which adults turn their heads and eyes. 

Although the direction of another person’s attention can be signaled
by a combination of his or her eye, head, and body orientation, adult
observers are extremely sensitive to eye direction alone (Anstis, Mayhew,
& Morley, 1969). This behavioral sensitivity accords with accumulating
evidence for specialized gaze detectors within the primate visual system.
Many cells in the monkey superior temporal sulcus respond selectively to
the direction of perceived gaze (Perrett & Mistlin, 1990). Furthermore,
neuropsychological studies of patients with inferotemporal damage, and
related lesion studies with monkeys, also suggest there may be special-
ized detectors for the direction of perceived gaze within the visual system
(Campbell, Heywood, Cowey, & Regard, 1990). In reviewing these data,
Baron-Cohen (1995) recently proposed that a modular eye direction
detector (EDD) plays a central role in the development of social cogni-
tion, and implied that it must be operating before the emergence of joint-
attention behaviors toward the end of the 1st year of life. 

Empirical studies have consistently suggested that infants do not
reliably orient in the direction of adults’ attention, as signaled by the
eyes alone, until well into the 2nd year of life. Up to that point, socially
mediated attention shifts are triggered primarily by perceived head
movements. Eye direction alone has not been shown to affect infant
orienting until around 18 months (Corkum & Moore, 1995). Thus,

there is currently little clear evidence for a very early EDD mechanism
triggering shifts of attention. However, analysis of scanning patterns
reveals that beginning at age 2 to 3 months, infants preferentially scan
the eye region of human faces (Maurer, 1985) and will discriminate
between two faces in which the gaze differs (Vecera & Johnson, 1995).
Moreover, in an adult-infant interaction paradigm, 3- to 6-month-old
infants smile less whenever the adult looks away (Hains & Muir,
1996). This finding reveals that young infants can discriminate per-
ceived eye direction, raising the question of why appropriate orienting
in the corresponding direction has not been observed for them to date. 

There are several reasons why infants might fail to orient in the
direction of perceived gaze within the usual naturalistic paradigms.
For example, young infants can have difficulty in disengaging fixation
from salient central stimuli (Hood, 1995; Stechler & Latz, 1966), such
as the adult’s face in interactive paradigms. Also, at 3 months, the abil-
ity to make large voluntary saccades is only just emerging (Haith,
1993; Hood, 1995; Johnson, Posner, & Rothbart, 1991). These eye
movement restrictions, dictated by cortical laminar development
(Johnson, 1990), could lead infants to fail naturalistic tests of whether
they look where others look, even if their attention covertly shifts in
the appropriate direction. Accordingly, we developed a computerized
paradigm to avoid these possible restrictions. 

The direction of perceived gaze was manipulated in a digitized
adult face (see Fig. 1). Crucially, this central face disappeared after
looking to one side, to avoid difficulties in disengaging fixation. More-
over, any attention shifts were measured by the latency and accuracy
of saccades to subsequent peripheral probes (Hood, 1995), thus avoid-
ing any requirement for purely voluntary saccades. Finally, only the
eyes of the central face moved, in order to test whether an EDD alone
can trigger attention shifts in young infants. 

 

EXPERIMENT 1 

Method 

 

Subjects 

 

Sixteen healthy, full-term infants ages 10 to 28 weeks (mean age =
18.6 weeks, 

 

SD

 

 = 6.2) were tested; 8 were female. An additional 14
subjects were excluded for failure to complete at least eight test trials
because of fussing. 

 

Apparatus 

 

The face used as a cuing stimulus is illustrated in Figure 1. A full-
size, color image was frame-grabbed from video and edited. It sub-
tended 14° 

 

×

 

 24° at 57 cm on the 94-cm color monitor. Four versions
were used: eyes closed, straight, left, or right, with only the eyes dif-
fering. The peripheral probe was a moderate-contrast (20%) phase-
reversing stimulus (2 Hz) subtending 6.5° 

 

×

 

 14° at 17.5° to the left or
right. Infants’ eye movements were recorded by a centrally mounted
camera onto a videotape. 
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Design and procedure 

 

Two conditions were randomly interleaved. On 

 

congruent

 

 trials,
the computerized eyes looked left or right. The face was extinguished,
and a peripheral probe appeared on the corresponding side. On 

 

incon-
gruent

 

 trials, the probe appeared on the side opposite where the eyes
had looked. Both trial types were equally likely, so the direction of the
eyes was not predictive of the side where the probe would appear. 

Infants sat on a holder’s lap. The computerized face appeared cen-
trally with the eyes blinking (alternating between eyes straight and
eyes closed at 2 Hz; see Fig. 1) until the infant fixated them, where-
upon a trial was initiated. The display then changed from eyes closed
to eyes left or right for 1,000 ms. The face was then extinguished, and a
probe appeared on the congruent or incongruent side until the infant
looked to the left or right, or until 5,000 ms had elapsed (time-out). The
blinking face then reappeared, and the cycle reiterated. The infant was
turned away from the screen every five trials. Testing continued as long
as the infant was in a state of alert inactivity (Wolff, 1965). The experi-
menter was unaware of the probe’s location. Saccade onset was deter-
mined by the first frame of detectable deviation of the infant’s eyes.
Raters were blind to target location, and interrater reliability for scor-
ing the direction and latency of the infants’ eye movements was 98%. 

 

Results and Discussion 

 

Infants averaged 14.5 scorable trials (

 

SD

 

 = 3.4, range: 9–20). There
was no systematic difference between left and right probes. Orienting
to the probe occurred on 82% of trials (

 

SD

 

 = 10.5, range: 67–100). The

remainder of trials were errors; the infant oriented to the side opposite
the probe. All latencies were logarithmically transformed for analysis.
As predicted, infants were faster to orient to the probe on congruent
than incongruent trials, 

 

t

 

(15) = 2.1, 

 

p

 

 < .05, one-tailed (untransformed
means of 693 ms vs. 900 ms), revealing that their attention had shifted
(Hood, 1995; Posner, 1978) toward where the face looked, even though
the probe was just as likely on the other side. The error data also sup-
port this conclusion: On incongruent trials, 87.5% of the infants (14/
16) made errors, whereas on congruent trials, only 56.3% (9/16) made
errors. There were significantly more saccades away from the probe
when the face looked away from it (21.4%, 

 

SD

 

 = 12.7) than toward it
(12.8%, 

 

SD

 

 = 15.5), 

 

t

 

(15) = 1.8, 

 

p

 

 < .05, one-tailed (see Table 1). 
These results go beyond recent findings that 3- to 6-month-old

infants can discriminate direct gaze from deviated gaze in a face
(Vecera & Johnson, 1995) and smile less when adults avert gaze (Hains
& Muir, 1996). Our data show for the first time that such perception of
an adult’s deviated gaze is sufficient to induce shifts of attention in the
corresponding direction by young infants. This implies that they cor-
rectly interpret the direction of eye gaze as a cue to shift attention, and
are not merely sensitive to visible differences in the eye region.

 

1

 

In the next experiment, we again used our computerized method to
examine orienting in response to perceived eye deviation, but within a
narrower age group of 3-month-olds. Furthermore, we directly tested
whether removing the central face facilitates infants’ orienting by cir-
cumventing problems in disengaging fixation, as hypothesized earlier. 

 

EXPERIMENT 2 

 

As in the first experiment, infants were presented with a face in
which the eyes blinked and then gazed to the left or right before the

Fig. 1. Example of the stimulus sequence on an incongruent trial in
Experiment 1. In Experiment 2, the face remained visible, with eyes
open and deviated to the side, during presentation of the probe on
some trials. 

 

1. One important issue raised during the review process was whether
any motion stimulus within the face would cause attentional cuing. We ran
an additional nine 3- to 6-month-olds to see whether movement of the
tongue would produce cuing. While the effect of gaze cuing was replicated
on both the latency (535 ms vs. 717 ms; 

 

t

 

[8] = 2.99, 

 

p

 

 < .01, one-tailed)
and error measures (7.78% vs. 25.1%; 

 

t

 

[8] = 2.46, 

 

p

 

 < .05, one-tailed), no
significant cuing effects were observed for tongue movements on either
the latency (719 ms vs. 574 ms; 

 

t

 

[8] = 1.71, 

 

p

 

 > .05, one-tailed) or error
measures (6.33% vs. 10.67%; 

 

t

 

[8] = 0.83, 

 

p

 

 > .05, one-tailed). 

Table 1. Mean percentage of orienting away from the probe 
(errors) 

Cue validity 

Condition Congruent Incongruent 

Face off (Experiment 1) 12.8 21.4 
Face off (Experiment 2) 7.5 19.6 
Face on (Experiment 2) 9.6 17.5 

Note. Percentages are calculated as a proportion of the total number of 
scorable trials in each condition. Experiment 1 did not have any trials 
in which the cue face was on the screen while the target was present.  
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onset of a peripheral probe on the congruent or incongruent side. How-
ever, in this second experiment, the face remained visible during the
presentation of the probe for approximately half the trials (

 

face on

 

 as
opposed to 

 

face off

 

), until a response or time-out. Our hypothesis was
that there would be less orienting in the face-on trials. We also
expected the spatial cuing effect from perceived gaze to be found
again, at least for the face-off trials. 

 

Method 

 

Subjects 

 

Subjects were 11 healthy, full-term infants ages 8 to 15 weeks
(mean age = 12 weeks, 

 

SD

 

 = 2.3). Six were female. Six additional
infants were excluded for failure to complete at least eight test trials
because of fussing. 

 

Procedure 

 

Trials were randomly chosen by the computer to be either face off
or face on. Face-off trials were the same as trials in Experiment 1. In
face-on trials, the central face with deviated eyes remained visible
throughout presentation of the probe. Infants were given a short break
after 10 trials, briefly returning to the mother before continuing. This
minor modification from Experiment 1 improved their compliance. 

 

Results and Discussion 

 

Infants completed an average of 30.4 scorable trials (

 

SD

 

 = 9.3,
range: 13–47). Orienting to the probe occurred on 87.2% (

 

SD

 

 = 8.0) of
face-off trials, a percentage similar to the results for Experiment 1. The
remainder of responses for these trials were classified as errors (orient-
ing away from the probe), as there were no time-outs. By contrast, in
the face-on trials, orienting to the probe occurred on only 25.9% of tri-
als (

 

SD

 

 = 25.9). Errors accounted for 13.1% (

 

SD

 

 = 19.5) of trials, but
the majority were time-outs (mean = 61.1%, 

 

SD

 

 = 32.2). Only 2
infants oriented to the probe on more than 50% of face-on trials, mak-
ing an analysis of latencies for these trials uninformative. An analysis
of logarithmically transformed latencies to orient to the probe on face-
off trials found a nonsignificant trend in the same direction as the
cuing effect of Experiment 1 (i.e., faster latencies on congruent than
incongruent trials; untransformed means of 641 ms vs. 751 ms). 

The error data for face-off trials replicated the cuing effect from
Experiment 1, with 81.8% (9/11) of the infants making errors in the
incongruent condition, compared with only 45.5% (5/11) on congru-
ent trials. In face-on trials, 54.5% (6/11) of the infants made errors on
the incongruent trials, compared with 36.4% (4/11) on congruent tri-
als, revealing a similar, albeit numerically reduced, pattern. Planned
tests revealed significantly more errors (19.6%, 

 

SD

 

 = 14.4) on incon-
gruent trials than congruent trials (7.5%, 

 

SD

 

 = 9.2) in the face-off con-
dition, 

 

t

 

(10) = 2.4, 

 

p

 

 < .05, one-tailed. Likewise, errors accounted for
17.5% (

 

SD

 

 = 22.1) of incongruent trials compared with only 9.6% (

 

SD

 

= 16.2) of congruent trials in the face-on condition, an effect that was
also reliable, 

 

t

 

(10) = 2.8, 

 

p

 

 < .01, one-tailed (see Table 1). 
Thus, leaving the face visible significantly reduced orienting, with

most infants continuing to fixate the face for more than 50% of trials.
Nevertheless, when errors did occur during face-on trials, they were
more likely to be in the direction of perceived gaze than away from it.
This error effect was also found in the face-off trials, replicating the
finding from Experiment 1. 

 

DISCUSSION 

 

The results show that infants as young as 3 months of age can
detect the direction of gaze as indicated by the eyes alone, and that this
detection influences their own direction of attention reliably, as
revealed by latency and error data from their subsequent orienting to
peripheral probes. These experiments provide the first unequivocal
support for Baron-Cohen’s (1995) hypothesis that an EDD mechanism
is present fairly early in development and influences joint attention, in
the sense of producing a corresponding shift of the infant’s own atten-
tion. Future studies could investigate the exact perceptual basis of the
mechanism that triggers attention shifts that follow perceived gaze.
For present purposes, we can simply conclude that adult eyes evi-
dently have the appropriate properties to trigger such shifts. 

Our results also suggest why this early capacity to shift attention in
the direction of perceived gaze may be so difficult to uncover within
conventional, naturalistic paradigms. In the face-on trials of Experi-
ment 2, the central face remained visible throughout each trial, as in
naturalistic paradigms, and orienting was dramatically reduced. This
result may reflect limitations of an immature eye movement system,
such as difficulties in disengaging fixation from salient central stimuli
(in this case, the adult’s eyes). Such limitations may be dictated by the
laminar development of cortical systems involved in saccade control,
as proposed by Johnson (1990). 

The sudden disappearance of the central face in the face-off condi-
tion is an unnatural event, but may be critical for young infants to
exhibit their full capacity. Other recent studies have suggested that the
ability to follow another person’s attention may arise in infants
younger than previously thought, even within naturalistic tasks (But-
terworth & Jarrett, 1991; Muir, Hains, Cao, & D’Entremont, 1996).
However, prior to the current experiments, such demonstrations have
succeeded in triggering attention shifts only by using substantial move-
ments of the adult’s head, not by using shifts of gaze alone. It may be
that the tendency to remain fixated on the adult’s face is reduced when
the adult’s head deviates substantially from a frontal view so that the
two eyes are less visible, because young infants are known to preferen-
tially fixate the eyes on faces (Maurer, 1985). Alternatively, head turns
may be more effective than shifts of gaze within naturalistic settings
simply because they provide a much stronger motion transient in the
direction that the adult turns (Anstis et al., 1969). 

Recent findings in much older autistic children show that although
they can discriminate other people’s gaze direction geometrically, they
do not orient correspondingly (Baron-Cohen, 1995; Baron-Cohen,
Campbell, Karmiloff-Smith, Grant, & Walker, 1995). Our new method
provides a sensitive test for the shifts of attention triggered by direction
of perceived gaze, and can reveal such shifts even in preverbal infants.
This test might be applied to young infants at high risk for autism, to
examine recent claims that the disorder is associated with a very early
failure of mechanisms involved in gaze following (Baron-Cohen, 1995). 
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