
gaze-following and 
recognizing intentions from 

gaze



Outline

• infant gaze following studies and 
intentionality

• gaze following and object processing



Do infants gaze-follow?

• Infants turn in the direction that an adult has 
turned.

• What is the mechanism underlying this behavior?

• The infant notices the head motion and swings 
her head to the correct half of space without 
processing adults gaze to an object

• The infant follow the gaze and has an 
understanding about the relationship between the 



eyes open/closed 
experiment

• 12, 14, 18 month old infants

• between subject design

• conditions: adult’s closed or open eye

• Infant’s first target look was categorized as 
“correct look” (+1) if it aligned with adult’s 
target and as “incorrect look” (-1) if it 
didn’t. 



main results
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tant from the infant, at approximately a 75" angle off midline. There were 

four trials (two to the left and two to the right in a counterbalanced order), and 

each trial was 6.5 s in duration. Thus, there were no linguistic or emotional 

cues as to where to turn, and no sound-localization cues because the targets 

were silent. The infant's behavior was videotaped and subsequently scored by 

an observer who remained blind to whether the adult turned with open or 

closed eyes and the direction of the adult turn. For each trial, an infant's first 

target look was categorized as a "correct look," when it aligned with the adult's 

target (+ l ) ,  or an "incorrect look," when it aligned with the opposite target 

(- 1). If infants looked at neither target, they received a score of 0 for "non- 

looking." As is standard in gaze-following procedures, the looking score was a 

total of the correct looks, incorrect looks, and non-looks (e.g., Butler, Caron, 

&Brooks, 2000; Flom, DeAk, Phill, & Pick, 2004; Moore & Corkum, 1998). 

Thus, if an infant consistently looks at correct targets, she would have a posi- 

tive score (with a maximum of 4), but if she frequently looks at incorrect tar- 

gets, her score would be negative (with a minimum of -4). 

The main findings are shown in Figure 10-1. Infants at all ages looked 

significantly more often at the target when the adult turned with open than 

with closed eyes. We also scored other behaviors beyond the traditional look- 

ing measure. We scored infants' average duration of correct looks. This re- 

vealed that infants inspected the target longer when the adult turned to it with 

open versus closed eyes. Also, more infants vocalized toward the correct tar- 

get in the open-eyes than closed-eyes condition. Finally, significantly more 

Open Eyes 

Closed Eyes 

All Ages 12mo. 14mo. 18mo. 

FIGURE 10-1. Infants look at the correct target more often in the open-eyes than the 

closed-eyes condition. (From Brooks & Meltzoff, 2002. Reprinted with permission of the 

American Psychological Association.) 



other findings

• infants inspected the target longer in open-
eyes condition.

• more infants vocalized toward the correct 
target in the open-eyes than closed-eyes 
condition.

• significantly more infants pointed to the 
targets in open-eyes that closed-eyes 
condition. (interpreted as evidence of  
“proto-declarative” pointing)



Is closed-eyes condition 
disruptive?

• The adult's eyes were shut only slightly longer than the 
blink of an eye (half a second) before the turning toward 
the object for a 6.5 s response period.

• no detectable difference in the emotional reactions as a 
function of condition

•  The duration measures the length of looking after the 
infant has turned to the correct target.

•  Infants show other target-directed acts (pointing at the 
target and vocalizing toward it) when the adult can see 
the target.



When does this begin?

• The same procedure 
was used for 9 to 11 
month old infants.
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A METAMORPHOSIS IN GAZE-FOLLOWING IN INFANCY 

Rationale 

The previous study showed that 12-month-olds gaze follow. The question re- 

mains as to when does this begin? The Gaze-Following: Eyes OpenIClosed 

test provides a tool for looking at the ontogenesis of gaze-following before the 

child's first birthday. 

Brooks and Meltzoff (2005) recently completed a study of infants during 

the tadpole era, from 9 months to 11 months of age. We used the same proce- 

dure as previously described, but tested infants within a remarkably controlled 

age window. The infants were recruited to fall at three discrete ages: 9, 10, 

and 11 months old, with each infant + 1 week of the target age. This was the 

equivalent of a cross-sectional microgenetic study-we assessed infants at 

three moments over a 90-day growth period to see if we could capture a meta- 

morphosis in behavior. 

Empirical Findings and Interpretation 

As shown in Figure 10-3, 9-month-olds did not discriminate between the 

open- versus closed-eyes conditions. They turned equally often in both cases. 

However, there was a clear developmental shift 30 days later. For 10-month- 

olds, the looking scores in the open-eyes condition were significantly greater 

than in the closed-eyes condition; and a similar significant effect was also evi- 

dent among l l-month-olds. 

We also analyzed whether infants vocalized while looking at the correct 

target, categorized as a "correct gaze + simultaneous vocalization." (Infants 

FIGURE 10-3. At 9 months of 

age infants turn indiscriminately 

to the target, whether or not the 

adult can see it. But at 10 and 

11 months old, they selectively 

follow the gaze of the adult in the 

open-eyes condition. Note the 

sharp decline in looking when the 

adult cannot see the target (eyes 

closed). (From Brooks & Melt- 

zoff, 2005. Reprinted with permis- 

sion of Blackwell Publishing.) 

Open Eyes 

Closed Eyes 

9 10 11 

Age in Months 



What could the results 
for 9-month-old mean?
• they are limited to tracking adult’s head 

movements and run into object by chance. 
(Butterworth)

• They are conditioned to the head 
movements as a signal for seeing an object 
on the periphery. (Moore)

• They are body-orientation followers.
(Melrzoff's "Like Me" hypothesis) body 



biological vs physical 
occluders

• 12, 14, 18 month old infants

• conditions : headband, blindfold

• 14 and 18 month old infants looked at the 
adult’s target significantly more often in the 
headband than in the blindfold condition.

• The 12 month old didn’t distinguish 
between conditions.



intervention 
experiment

• Infants randomly assigned to a baseline 
condition, or two treatment groups : 
blindfolds, and the same cloth with an 
opening cut in the middle of it.

• The blindfold group experienced that the 
blindfold blocks their view.

• Those infants now interpreted the blindfold 
correctly. (like-me hypothesis?)



Does gaze-following 
behavior at 10-11 months 

predict later language 
development?

• Infants who produced the correct gaze and 
simultaneous vocalization act at 10-11 
months had larger receptive vocabulary at 
18 months.

• They also built significantly more complex 
sentences and had larger productive 
vocabulary at 24 months.



summary

• Gaze following happens in 10-11th month 
of infants development.

• Infants come to understand nonbiological 
occluders to vision sometime around or 
soon after 1 year of age depending upon 
the nature of the occluder.

• Gaze-following behavior at 10-11 months 
predicts later language development.



gaze following and 
object processing

• From gaze of others we get information 
about both ‘inside’ and ‘outside’. (e.g. 
intentions and mental state vs information 
about relevant events in the environment)

• Is it possible to integrate the two groups?

• object properties



motor properties

grasped. In the terms of object processing, the object is
enriched by a motor component imposed by other people’s
gaze (see Box 1).

Gaze processing and emotional properties
Recently, a new line of research concerned with the impact
that the gaze of others might have on the evaluative
judgements of objects has emerged [12,13]. The main
question is: do we prefer objects that are looked at by other
people? To address this issue participants were presented
with a face looking towards or away from an object [12]. It
was found that objects that are looked at are more likeable
than those that do not receive much attention from others.
This suggests that the gaze behaviour of others might have
an impact on our affective appraisal of objects in the
environment.

To investigate whether this liking effect was modulated
by the emotional expression of the observed face, a sub-
sequent study [13] compared affective ratings of objects

that were looked at with a happy or a disgusted face. The
results spoke clearly. Objects that were viewed with a
happy expression were rated as more likable than were
objects that were looked at by a face expressing disgust.
This occurred despite attention being similarly cued in the
direction of the observed gaze by happy and disgusted
faces.

Finally, the affective power of observed gaze was con-
firmed by investigating the influence that the quality of a
motor interaction might have on object affective ratings
[14]. Participants observed an actor grasping and moving
objects by using either a fluent or a non-fluent action. In
one condition the observed actor could be seen while she
was looking towards the to-be-grasped object, whereas in
another condition the actor’s head and gaze could not be
seen. In line with previous studies [12,13], when the actor’s
gaze could not be seen, liking ratings of objects were
reduced. Further, liking ratings were higher for fluent
actions but only when the actor’s gaze towards the object

Box 1. When gaze turns into grasp: neural evidence

Evidence that motor intentions can be inferred from gaze direction
has been provided by using event-related functional magnetic
resonance imaging (fMRI). In one study [31] participants observed
videos showing a human model either grasping a target object
(grasping condition) or simply gazing (gaze condition) at the same
object. These two conditions were contrasted with each other and
also against a control condition in which the human model was
standing behind the object without performing any gazing or
grasping action. The results revealed activation within the dorsal
premotor cortex, the inferior frontal gyrus, the inferior parietal
lobule,and the superior temporal sulcus in both ‘grasping’ and ‘gaze’
conditions (Figure Ia,b), suggesting that a common intentional
system might underlie the representation of both hand-object

relations and gaze-object relations. This conclusion was confirmed
in a second study [32] in which participants observed a human model
gazing towards a target object presented either in isolation or flanked
by a distractor object. First, results confirmed that the observation of
gaze shifts directed towards a target object yielded activation within
areas of the brain that are commonly known to be involved in coding
hand–object interactions. Second, when gaze occurred in the
presence of a distractor object a decrease of activation was revealed
within the inferior frontal gyrus. This decrease of signal change
closely resembles the signal change modulation previously reported
within the inferior frontal gyrus during the observation of interfered
hand actions [33].

Figure I. Neural activity related to the comparison between the grasping versus the control condition (a) and the gaze versus the control condition (b). Modified, with
permission, from reference [21].
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emotional properties

• Do we prefer objects that are looked at by 
other people?

expression changing from neutral to happy or disgusted. The target appeared 250 ms
later, remaining visible until response or until 2500 ms elapsed. Participants used the
‘‘h’’ and ‘‘spacebar’’ keys to respond to the category of the target object. Whether
‘‘h’’ corresponded to ‘‘Garage’’ or ‘‘Kitchen’’ items was counterbalanced between
participants. At response, a tone was sounded to give feedback on performance (a
‘‘bell’’ for correct and a ‘‘buzzer’’ for incorrect/timeout). Finally, a 500-ms blank
interval preceded the next trial (Fig. 1). After 10 practice trials, using the same
cue faces, but different target objects, participants completed three blocks of 144 tri-
als where each target was viewed once in each block. Repeating each object multiple
times in this way was designed to ensure robust encoding of items under the same
cueing and emotion conditions prior to their affective evaluation.

In the third block, the procedure changed. Participants were now informed that
following their target categorization response, a blank screen would be presented
(500 ms) followed by a rating screen (Fig. 1, Box 7). They were required to rate
the item they had just responded to, such that higher scores were given to objects
they liked more. They were told to verbally state a number from 1 to 9, to be record-
ed by the experimenter. After their liking rating, another blank screen (500 ms) pre-
ceded the next trial. In total, therefore, participants completed 432 trials of the gaze-
cueing procedure, being exposed three times to 36 targets looked at by a happy face,
36 targets that a happy face had looked away from, 36 targets looked at by a disgust-
ed face, and 36 targets that had been looked away from by a disgusted face. Only in
the final block, after seeing each object being either consistently cued or uncued by a
disgusted or happy face three times, were these objects rated by the participants.

1.2. Results and discussion

1.2.1. Gaze cueing
Percent errors (4.8% of trials) were submitted to a within-subjects ANOVA (an

alpha of .05 was used for tests of statistical significance), with ‘‘cueing’’ and

Fig. 1. Illustration of an experimental trial. Here, the face looks left (Box 3), validly cueing the eventual
target location (a ’’cued’’ trial). Before the target appears, the face’s expression changes to either disgusted
(Box 4a), or to happy (Box 4b). Each individual target object appeared three times, consistently paired
with either a disgusted, or happy face, and consistently appeared in a cued or uncued position. The targets
were rated only in the final block, immediately after their final (3rd) appearance in the session (Box 7).
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‘‘emotion’’ as factors. Neither main effects nor the interaction approached signifi-
cance, F < 1. Correct responses contributed to the median RTs for each subject, in
each condition, which were submitted to another ANOVA (Fig. 2). A significant
main effect of ‘‘cueing’’ was found, F(1,25) = 16.8, MSE = 572.8, p < .001,
g2

p ¼ :402, with quicker responses when the target was looked at by the face (cued
trials = 663 ms) than when the target was uncued (682 ms). Neither the main effect
of emotion nor the interaction approached significance, F < 1.07, p > .31. Hence,
the disgust and happy faces produced almost identical amounts of attentional cueing
(19 and 20 ms, respectively). These results are consistent with the conclusions of

Fig. 2. Mean reaction times (upper panel) and mean ratings (lower panel) for targets appearing in each
cueing condition. Error bars represent standard errors of the means based on the procedure suggested by
Loftus and Masson (1994) for within-subjects designs.

A.P. Bayliss et al. / Cognition 104 (2007) 644–653 649
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status properties

• Does an object looked at by others look 
more familiar?

(37–42 weeks gestation), were of normal birthweight (> 2500 g) and
were recruited in Germany. Written consent was obtained prior to
testing.

Stimuli

Stimuli were presented on a video screen with stimuli delivered via a
projector. Each trial began with a central image of a human face,
gazing towards the camera with direct gaze. Example stimuli are
shown in Fig. 1. As can be seen on the figure, one object was
positioned on either side of the face. Each object was placed the same
distance from the periphery of the face. The objects were presented at
the same time as the face appeared on screen. After a one-second
central fixation, the eyes proceeded to slowly gaze towards one object
(eye movement, 0.5 s). The final gaze was held for one second. In
order that attention was not biased to one location during the second
phase of the stimuli presentation, an attractor depicting an image of a
bright yellow toy was presented centrally for 2 s in order to attract
infant gaze to the centre of the display. Following this, a paired
preference test phase began in which two objects were presented for
10 s and infant looking time towards the two objects was measured.
The objects were either in the same locations as during the initial
presentation, or were reversed in location. This assessed infant
patterns of looking to previously cued and uncued objects. Two faces
were used for each condition, yielding four stimuli presentations in
total (objects in same location, objects in reversed location · two
faces). These were presented in a random order to infants and were
integrated with four other stimuli not related to this study.

Data analysis

Prior to testing, infant’s looking to each location (left, central or right)
was filmed. During the presentation of stimuli, the video output was
split into four separate quadrants with video feed from three cameras.
One quadrant captured the stimuli; one focused on the infant’s upper
face and eyes as viewed from the front; the third quadrant depicted the
infant’s head in profile and the fourth was left clear. The locations left,
central and right were each separated by a visual angle of 24.8! when
viewed from a distance of 120 centimetres. The direction of infant
looking in the ten-second paired preference test phase were compared
to the frames of looking to each location that were obtained prior to
testing. As eye-tracking software was not used in this study, we
estimate errors during coding of up to 7! of the visual angle. This
margin of error successfully excludes the possibility that infants were
looking in any location other than the direction of the location of one
particular object or of the centrally presented face.
Looking times in the direction of the location of the objects were

coded in seconds using on-line coding software (Interact, Mangold) by
a research assistant who was naı̈ve to the objectives of the study. Inter-

rater reliability measures were obtained offline for five infants, with
Pearson correlations yielding scores of (R) 0.97 for the cued location
and 0.94 for the uncued location.

Experiment 2

Participants

The final sample consisted of 19 4-month-old infants (age range from
14.5 to 18 weeks, median, 16 weeks). Nine males and ten females
participated in the experiment. An additional five infants were tested
but not included in the final sample due to inattentiveness (n ¼ 1) or
fussiness (n ¼ 4). All infants were born full-term (37–42 weeks
gestation), were of normal birthweight (> 2500 g) and were recruited
in Germany.

Stimuli

The stimuli were exactly the same as those in Experiment 1, with the
modification that the adult’s eyes did not move from their initial
forward gazing position. Thus the stimuli in Experiment 2 were the
same as those depicted in Fig. 1, with the exception that the eyes did
not move from their initial position and consequently remained as
illustrated in Fig. 1A.

Data analysis

Assessment was made of looking time in seconds in the direction of
each individual object. It should be recalled that as the adult did not
gaze towards any object, there was no eye gaze (or cue) to analyse in
this experiment. As there were four objects used, six paired samples
t-tests were conducted that compared infant looking time in the
direction of each object with every other object. There were thus t-tests
comparing objects 1 and 2; 1 and 3; 1 and 4; 2 and 3; 2 and 4; 3 and 4.
Inter-rater reliability measures were obtained offline for four infants,

with Pearson correlations yielding scores from (R) 0.99–0.98 for those
objects in the left location and from 1.0 to 0.92 for those objects in the
right location.

Results

Experiment 1

A 2 · 2 repeated measures anova was performed on infants’ gazing
with Cue (cued, uncued) and Location (changed, unchanged) as within-
subjects variables. Results showed that infants looked reliably longer at
uncued compared to cued objects (F1,21 ¼ 5.659, P ¼ 0.027); see
Fig. 2. There was no significant effect of location or interaction between
cue and location, suggesting that changing the location of the objects
had no effect on what infants perceived as more novel. When the same

Fig. 1. Schematic of stimuli. (A) Direct gaze; (B) eye movement (C) final gaze; (D) central attractor and (E) presentation of two objects.
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status properties

anova was conducted with the addition of gender as a between-
subjects factor, no between-subjects effect was found (P > 0.05).

Experiment 2

Paired sample t-tests were conducted, with looking times in the
direction of each object compared to looking times towards the other
objects. There were no significant differences in looking time towards
any object relevant to any other object (P > 0.05 in all cases),
suggesting that all objects were processed equally and that no object
was perceived as more novel than any other object. The result of this
control experiment confirms that infants in Experiment 1 were biased
to process specific objects due to the direction of adult gaze.

Discussion

Infants reliably follow gaze by 3–4 months of age, but the function of
this capability has not been investigated. In Experiment 1, we used a
novelty paradigm to assess whether an adult’s gaze influenced infant’s
processing of a cued object. The results showed that there was indeed
bias in object processing created by the gaze of the adult.

This effect is most likely due to enhanced processing of the cued
object during the initial gaze phase. That is, the uncued object may
have been more novel as it has been looked at less than the cued object
during the initial presentation of the objects with the face and gaze
component. The fact that a previous adult gaze to one object
influenced infant looking behaviour to the objects during the
subsequent object presentation suggests that others’ gaze influences
4-month-old infants’ processing of objects.

By 4 months of age, infants use the direction of gaze of an adult to
facilitate attention to a location. This in turn biases processing of
information from that location relative to objects in other locations.
Objects in uncued locations are therefore inherently more novel than
objects that appeared in cued spatial locations. These findings fit well
with other evidence of gaze following in early infancy (Hood et al.,
1998; Farroni et al., 2002; Reid et al., 2005). These data also show
that infants’ attention is not simply tethered; rather the object at which
they look is processed, with information about the object extracted.
The information obtained may include (for example) the shape or
colour of the object.

Interestingly, in Experiment 1, the adult only gazed directly toward
the cued object for one second and the eyes moved for only 0.5 s.

Therefore, infants detected the change in eye orientation quickly. They
also rapidly processed some salient aspect of the object that was cued,
for there was only 2.5 s of total time available for viewing the display
that included the face and two objects. Our results suggest that much
of that time was spent engaged with the action of the face, as the gaze
of the face clearly biased the processing of information from this
display. This conclusion is further reinforced by the results of
Experiment 2, where the adult’s eyes did not gaze at any object
location. In that experiment, infants did not increase looking to any
particular object, suggesting that all objects were processed equally.
It is possible that cortical neural pathways mediated the overt

behaviour that was measured in Experiment 1. As Pack & Born
(2001) note, the visual world is exceedingly complex and studies into
the parameters of the human visual system have only uncovered the
most basic of concepts. Perhaps the most complex visual information
humans experience is the flow of motion that is human movement. Of
these movements, eye gaze is perhaps the most important for an infant
to process and interpret. This is because infants may use the direction
of an adults’ gaze to determine what is salient in the environment. This
enhanced attention might allow infants to predict what objects the
adult will act upon, thereby providing time for the infant to react
socially and emotionally to changes that occur in the setting following
the adult’s action. This interpretation relies upon conscious allocation
of attention to a location in a visual scene, thereby suggesting the
functional use of cortical rather than subcortical structures by infants,
consistent with prior models of neural visual development (e.g.
Atkinson, 2000). However, future studies are needed to test such an
interpretation.
These data suggest that already by 4 months of age, infants use

adult eye gaze as a simple ‘orientation of attention’ device. It is
possible that this rudimentary orientation mechanism is a required
precursor to the establishment of more robust joint attention skills by
the end of the first year. In order to make such conclusions, it must first
be established whether nonsocial attractors may also influence infants’
processing of objects in the same fashion as eye gaze. If this is found
to be the case, then this paradigm can be altered to answer key
questions on the ontogeny of joint attention. In other fields of
cognitive neuroscience, this paradigm could address the neural basis
of information extraction from a complex visual scene in a more
realistic manner than is currently utilized in many laboratories.
This paradigm is capable of adaptation to allow further studies in the

cognitive neurosciences on the topics of attention, visual information
processing and neurodevelopment. As the scope for such research is
broad, the use of this paradigm in these fields is encouraged. Of
particular importance for the field of developmental cognitive neuro-
science is the need to establish the relationship between behavioural
changes in infancy related to information processing and the neural
mechanisms involved in such processes. The paradigm allows further
exploration into the neural correlates to attention, specifically those
aspects of visual attention mediated by social cognition – with eye gaze
biasing information to specific spatial locations. This new paradigm has
the potential to inform many issues in the cognitive sciences.

Conclusion

In summary, here we demonstrate that adult eye gaze biases infant
attention. The perception of objects that have been previously gazed
towards by adults are not considered as inherently interesting by
infants as objects that have not been gazed towards. This result
suggests overt attentional shifts and therefore the use of cortical
structures. One goal of future research should be to test a wider age
range of infants and to determine the selectivity of this response as a

Fig. 2. Looking times towards the location of objects cued by adult gaze or
uncued by adult gaze, demonstrating increased looking towards the uncued
relative to cued objects.

Adult gaze and infant attention 1765
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beyond an attentional 
shift

• experiments with 
symbolic cues, like 
arrows, do not 
guarantee a 
consequence on object 
processing. (e.g. no 
modulation observed in 
affective response to 
objects using arrow 
cues)

1064    BAYLISS, PAUL, CANNON, AND TIPPER

from other people’s knowledge and behavior by efficiently 
interpreting their behavior (Baron-Cohen, 1995).

A second experiment was therefore conducted in order 
to establish which of these two hypotheses best explains 
the results of Experiment 1. By simply using an arrow cue, 
instead of a gaze cue, the data would lend support to one 
or the other hypothesis. If an arrow cue were to produce 
attentional cuing and a liking effect, it would suggest that 
attention boosts appraisal of objects, whether attention is 
shifted by gaze or otherwise. If, however, an arrow cue 
were to produce cuing but no liking effect, we would have 

confirmed that in this paradigm, objects that other people 
look at receive more positive appraisals than do ones that 
are not looked at, independently of attention.

EXPERIMENT 2

Like gaze cues, arrows shift attention, even when partici-
pants are instructed to ignore them (e.g., Shepherd, Findlay, 
& Hockey, 1986; Tipples, 2002). The cuing effects elicited 
by arrows are very similar to those produced by gaze cues, 
in terms of their time course, magnitude, and sensitivity 
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beyond an attentional 
shift

• Non-intentional gaze does not produce the 
same effects :

• fixating on the target and not looking at a 
distractor

• looking away



beyond an attentional 
shift

• The properties discussed seem to persist 
even when the gaze of others is no longer 
visible. 



Summary

• Studies discussed suggest that gaze of 
others modifies properties of objects and 
influences object processing:

• object gazed at become graspable, 
attractive and familiar.

• These properties are likely to be a 
product of intentionality of the gaze. 
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Questions?


