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Abstract

In four experiments, we investigated whether 9-month-old infants are sensitive to the rela-
tionship between gaze direction and object location and whether this sensitivity depends on the
presence of communicative cues like eye contact. Infants observed a face, which repeatedly
shifted its eyes either toward, or away from, unpredictably appearing objects. We found that
they looked longer at the face when the gaze shifts were congruent with the location of the
object. A second experiment ruled out that this effect was simply due to spatial congruency,
while a third and a fourth experiment revealed that a preceding period of eye contact is
required to elicit the gaze—object congruency effect. These results indicate that infants at this
age can encode eye direction in referential terms in the presence of communication cues and
are biased to attend to scenes with object-directed gaze.
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1. Introduction

Eye gaze conveys rich information during human interactions. One important
aspect of eye gaze is its referential nature. Eyes point to the subject of someone’s
attention and intention, provide a reliable signal to infer mental states (Baron-
Cohen, 1995), and help us identify and share the topic during communication and
social learning (Bloom, 2000; Csibra & Gergely, 2006). Recent neuroimaging studies
have revealed that specific brain regions, such as the superior temporal sulcus and
the inferior parietal sulcus, encode the relation between others’ eye gaze and the
objects being looked at (Bristow, Rees, & Frith, 2007; Pelphrey, Morris, & McCar-
thy, 2005; Pelphrey, Singerman, Allison, & McCarthy, 2003).

Infants are sensitive to eye gaze from very early on. Even newborns can discrim-
inate between direct and averted eye gaze and shift their attention to the direction of
perceived eye movements (Farroni, Csibra, Simion, & Johnson, 2002; Farroni, Mas-
saccesi, Pividori, & Johnson, 2004). However, at least up to 4 months of age, this
rudimentary form of ‘gaze following’, or attentional shift to the direction indicated
by gaze shifts (Hood, Willen, & Driver, 1998), seems to be based not on the percep-
tion of gaze direction but on simpler mechanisms. Farroni, Johnson, Brockbank,
and Simion (2000) tested 4- to 5-months-old infants with stimuli in which the eyes
stayed in the same position relative to the viewer, while the whole face image, except
pupils, translated (not rotated) laterally so that the resulting gaze appeared to point
to the opposite direction of the face displacement. They found that infants at that
age shifted their attention to the direction of face motion rather than of the resulting
gaze position. In addition, Farroni, Mansfield, Lai, and Johnson (2003) reported
that attentional shifts to the direction of lateral gaze motion were present only when
they followed a period of perceived eye contact. These studies suggest that this rudi-
mentary form of attention following in young infants involves (1) detecting eye con-
tact (i.e., direct gaze) and (2) shifting attention in the direction of lateral motion that
follows eye contact. However, it is important to note that not all lateral motion fol-
lowing the eye contact may trigger attention shifts in young infants. For example,
Hood et al. (1998) reported that lateral motion of the tongue did not have an effect
on infants’ spatial attention.

Given that young infants are sensitive to others’ eye direction, a further question
is whether they are also sensitive to the relations between eye gaze and objects, i.e., to
the referential nature of gaze. Such sensitivity would be highly beneficial for young
infants, especially in the context of social learning. Information about object-direc-
ted gaze can, for example, disambiguate others’ intention when they manipulate
novel objects. Referential gaze is perhaps the most important cue for word learning
(Baldwin, 1991; Bloom, 2000) and can also contribute to learning other object prop-
erties in social referencing situations (e.g., Mume & Fernald, 2003). Note that under-
standing referential gaze is most useful in interactive contexts, in which the child is
directly addressed by others. The object that the communicator is looking at is likely
to be the referent of her message. Thus, understanding the referential nature of gaze
provides a powerful mechanism for learning about objects and the meaning of words
(Csibra & Gergely, 2006). However, some researchers do not think that infants
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younger than 1 year encode gaze—object relations. It has been argued that young
infants’ gaze-following response is reflexive and does not involve an understanding
of the relationship between the gaze of the agent and the object being looked at
(e.g., Butterworth & Jarrett, 1991; Moore & Corkum, 1994). Related to this claim,
Woodward (2003) reported that 7- and 9-month-old infants’ attention does not
recover when an adult’s gaze changes from one object to another, and concluded
that infants at those ages fail to understand the relationship between gaze direction
and the target object.

However, two recent studies seem to contradict this conclusion. Johnson, Ok, and
Luo (2007) modified Woodward (2003) paradigm by introducing multiple looks
towards target objects. With this modification, even 9-month-old infants appeared
to encode the relation between an actor and the target of her gaze, suggesting a sen-
sitivity to the potential referential relation embedded in multiple gaze shifts. In
another paradigm, Csibra and Volein (2008) demonstrated that 8-month-olds expect
the presence of an object at a hidden location targeted by someone’s gaze. Note that
this paradigm also employed multiple looks towards the hidden location, which may
be a precondition for referential interpretation of gaze at this age. While this finding
indicates that infants expect a referent object for a gaze shift, neuroimaging studies
demonstrated that adults would also hold the opposite expectation: that gaze shifts
would be directed towards the sole object on the scene (Pelphrey et al., 2003; Pel-
phrey et al., 2005). Although event-related potential studies suggest that this might
also be true for infants (Senju, Johnson, & Csibra, 2006), there has been no behav-
ioural evidence on this issue so far.

We conducted four experiments with 9-month-old infants to address this ques-
tion. In all four experiments, our participants were presented with a face that occa-
sionally looked right or left after a brief appearance of an object at one or the other
side of the computer screen. Crucially, the gaze direction of the face either coincided
with the object location or was opposite to it. If infants had no expectation about the
referential nature of gaze, they would not be able to detect the difference between
these conditions. If, however, they are sensitive to potential gaze—object relations,
they should display evidence for discriminating between object-congruent and
object-incongruent gaze stimuli.

Additionally, we were also interested in the nature of a potential rudimentary ref-
erential understanding in young infants. If infants conceive gaze—object relations in
attentional terms (Brooks & Meltzoff, 2002; Brooks & Meltzoff, 2005; Woodward,
2003), they should expect people to look at objects, and when they fail to do so, their
expectation would be violated resulting in longer looking times (Baillargeon, Spelke,
& Wasserman, 1985; Csibra, Gergely, Bird, Kods, & Brockbank, 1999; Gergely,
Nadasdy, Csibra, & Bird, 1995). Alternatively, if the initial function of sensitivity
to gaze—object relations is to find objects that another person may communicate
about (Csibra & Gergely, 2006), they would be more interested in observing a face
looking at an object than looking at nothing. Although these two functions might
not be mutually exclusive, they give opposite predictions for infants’ looking behav-
iour in the current experiments. Moreover, the latter theory yields a further predic-
tion: Csibra and Gergely (2006) argue that infants should expect to see referential
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actions primarily if they immediately follow a communication signal, such as eye
contact or infant-directed speech. Thus, we predicted that the removal of communi-
cation cues (i.e., the eye contact) from the stimuli would diminish infants’ sensitivity
to gaze—object congruency.

Experiments 1 and 2 focused on the first question, i.e., whether 9-months-old
infants are sensitive to gaze—object congruency. Experiment 1 tested whether infants’
looking time differs between the stimuli containing object-congruent gaze shifts and
object-incongruent gaze shifts. By contrasting the direction of eye gaze and facial
motion, Experiment 2 further examined which aspect of gaze infants utilize when
they detect gaze—object congruency. Experiments 3 and 4 were aimed at our second
question, i.e., the role of eye contact in infants’ sensitivity to gaze—object relations.
These studies tested whether gaze—object congruency, in the absence of communica-
tion signals, is detected by infants.

2. Experiment 1

In Experiment 1, infants were first familiarized to a face that occasionally shifted
gaze to the left or to the right. Next, the infants were presented with two kinds of
looped stimulus sequence. Both sequences involved an object appearing either to
the right or to the left of the face, followed by a gaze shift toward the object (con-
gruent trials) or away from the object (incongruent trials). Importantly, the object
was removed when the gaze shift began in order to avoid a potential confound result-
ing from occasional gaze-following responses. If we had left the object present after
the gaze shift, the congruent trials could have been more interesting to the infants
simply because they would be always rewarded with objects whenever they follow
the direction of gaze. We predicted that if infants comprehend eye—object relations,
they will discriminate between the two sequences, and looking times to the two kinds
of trials would differ.

2.1. Method

2.1.1. Participants

Fourteen 9-month-old (6 female and 8 male) infants completed the study. Their
mean age in months and days was 9;0 (range 8;20-9;11). A further 9 infants were
excluded from the analysis because they looked at the test trials for less than 5s
due to fussiness (3), did not look away from the screen for more than 90 s (4), or
experimenter error (2).

2.1.2. Apparatus

Infants sat on their parent’s lap in a dimmed room approximately 1 m away from
a plasma screen, on which the stimuli were presented. A remote-control infrared
video camera was mounted above the screen. An experimenter monitored the
infants’ behaviour through a video monitor and controlled the direction and zoom-
ing of the video camera to follow infants’ movement and to keep their face within the
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frame of the video image. The experimenter pressed a key while infants were watch-
ing the stimulus display, and released it when they looked away. This procedure
allowed us to record infants’ looking time on-line as well as to control the stimulus
presentation delivered by a custom-built program. The whole session was videotaped
for off-line analysis.

2.1.3. Stimuli and procedure

Four test trials, preceded by two familiarization trials, were presented to each
infant. Test trials consisted of two congruent trials and two incongruent trials,
and were presented in ABBA order. Half of the infants watched a congruent trial
first and the other half watched an incongruent trial first. Before every trial, the
infants’ attention was drawn to a colour picture of female face (13° wide and 25°
high) presented in the centre of the screen, with eyes blinking every 400 ms, by alert-
ing sounds delivered from behind the screen. When the infant was attending to the
screen, the experimenter pressed a key and started the trial.

In the test trials, each stimulus sequence started with a face with direct gaze, which
was presented for a varying duration between 600 and 1400 ms. An object (a cartoon
picture of a fish, selected randomly from a set of 6 fish, subtending to 5° by 9° on the
screen) was then presented either to the right or to the left of the face at 17° away
from the centre, simultaneously with a brief sound delivered from behind the centre
of the screen. The location of the object presentation was randomized within each
block. The object disappeared after 240 ms, and at the same time the eyes of the face
moved toward the location where the object was presented (congruent trials), or
toward the opposite direction (incongruent trials), and remained at that position
for 1000 ms (Fig. 1a). The sequence of familiarization trials was exactly the same
as that of the test trials, except that peripheral objects and the accompanying sounds
were not presented. Note that this is not a ‘novelty preference’ type of study. No
objects were presented in familiarization trials, and thus both congruent and incon-
gruent trials should be equally novel compared to the familiarization phase.

During each trial, the stimulus sequence was presented in a loop (the end of each
sequence being followed by the beginning of next sequence without delay) until the
infant looked away from the screen for more than 2 s. Infants who kept watching the
trial for more than 90 s were excluded from the analysis. If the infant watched the
trial for less than 5 s, the trial was immediately repeated. An experimenter recorded
the infants’ looking time on-line with a custom-built computer program, which also
controlled stimulus presentation.

2.1.4. Data analysis

A second coder, who was naive to the experimental hypothesis, coded a subset of
the data (6 infants) off-line. These secondary measurements were found to corre-
spond well to the on-line coding (r =.95), and thus all data analyses were based
on the on-line measurements. Data were subjected to a mixed three-way ANOVA
with congruence (congruent or incongruent), trial repetition (first or second) as
within-participants factors, and initial trial (congruent-first or incongruent-first) as
a between-participants factor.
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Fig. 1. Examples of stimulus sequences in Experiments 1 (a), 2 (b), 3 (c) and 4 (d). For illustrative
purposes, an arrow has been added to the last frame of (b) and (d) to make it clear that the face translated
laterally at this point. In addition, the dotted outlines in the last frame depict the position of the face image
in the previous frame. Neither the arrows nor the dotted outlines appeared during the experiments. The
depicted sequences represent ‘gaze-congruent’ trials. In ‘gaze-incongruent’ trials, the gaze shifted to the
opposite direction to the object location. Sequences in familiarization trials were exactly same as in the test
trials, except that the fish and the accompanying sounds were not presented.

2.2. Results and discussion

The average looking times during the two familiarization trials were 14.5 s (stan-
dard deviation [SD]: 7.2 s) and 11.8 s (SD: 4.0 s), respectively. During the test trials,
infants looked significantly longer to congruent than to incongruent trials (Fig. 2), as
the main effect of congruence indicated (F(1,12) =9.42, p < .01, np2 = .440). Average
looking times for congruent and incongruent trials were 19.9 s (SD: 8.6 s) and 15.7 s
(SD: 6.2 's). A non-parametric Wilcoxon’s Sign Rank Test also confirmed this effect
(Z=-247, p<.02). This result shows that infants’ looking time differed between
the two types of trials, supporting our hypothesis that infants at this age are sensitive
to eye—object relations.

The three-way interaction between congruence, trial repetition and initial trial was
also significant (F(1,12) =10.76, p <.01, 11p2 = .473). This was due to the longer
looking time in the initial test trial. In the first pair of trials, the congruency x initial
trial interaction was significant (F(1,12) = 10.45, p < .01, np2 = .465) and the main
effect of congruency was significant only in the congruent-first group
(F(1,12) =12.73, p <.01, np2 =.515), where the average looking times were 25.1 s
(SD: 13.0 s) for congruent trials and 14.6 s (SD: 7.2's) for incongruent trials, but
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Fig. 2. Mean looking time for congruent and incongruent trials in Experiments 1, 2, 3 and 4. Error bars
represent standard error. “p < .05.

not in the incongruent-first group (£(1,12)=1.00, p> .1, np2 =.077), where the
average looking times were 16.6 s (SD: 7.1s) for congruent trials and 19.5s (SD:
7.8 s) for incongruent trials. In the second pair of trials, where such initial exposure
effect was absent, the congruency x initial trial interaction was not significant
(F(1,12) =098, p > .1, npz =.076) and the main effect of congruency was replicated
(F(1,12) =8.08, p <.02, np2 = .402), average looking times were 19.0 s for congruent
trials and 14.2 s for incongruent trials, which confirms the main finding above. No
other main effect or interaction was significant.

The effect of congruence on looking times confirmed that 9-months-old infants
are sensitive to gaze—object relations. In addition, infants looked longer to object-
congruent gaze shifts than to object-incongruent gaze shifts. This suggests that the
differential looking time may have been due to infants’ preference for the potentially
informative situation, in which the adult is likely to communicate something about
the referred object.

However, before we draw firm conclusions about infants’ sensitivity to referential
gaze, we need to exclude other possible explanations for these results. For example, it
is possible that what infants encode in these scenes is not the specific gaze—object
relations embedded in the events, but the relation between the direction of lateral
motion, produced by gaze shifts, and object location. Thus, we conducted another
experiment to test whether 9-months-old infants prefer gaze—object congruency or
motion—object congruency.

3. Experiment 2

The results of Experiment 1 accord with our hypothesis that infants are sensitive
to the gaze—object relationship. However, it is also possible that they simply prefer
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the spatial congruency between the motion direction of the eyes (right or left) and the
object location, rather than evaluating their correspondence. Since both the abrupt
onset of peripheral objects (Johnson, Posner, & Rothbart, 1994; Johnson & Tucker,
1996) and lateral motion (Farroni et al., 2000, 2003, 2004) are known to cue infants’
spatial attention, it is possible that the infants in Experiment 1 looked for shorter
time at the incongruent trials because they avoided the stimuli that involved an
attentional conflict. Previous studies reported that 12-month-old infants would fol-
low the head-turn of adults even when the eyes stay fixated on them and do not fol-
low eye gaze alone (Caron, Butler, & Brooks, 2002; Corkum & Moore, 1995; but see
Tomasello, Hare, Lehmann, & Call, 2007). In addition, Brooks and Meltzoff (2005)
reported that 9-month-old, but not 10- and 11-month-old infants, would follow
head-turns even when the actor’s eyes were closed. These studies may also suggest
that 9-month-old infants are sensitive to lateral motion, not gaze direction per se.

Experiment 2 tested this alternative hypothesis. Infants were shown a face and
peripheral objects as in Experiment 1. However, rather than the pupils shifting
and the rest of the face remaining static, in Experiment 2 the whole face image
(except for the pupils) translated laterally while the image of the pupils remained
at the same position on the screen. As a result, the eye gaze direction ended up in
the opposite direction to the motion cues provided by displacement of the face. Far-
roni et al. (2000) used the same technique to study gaze cueing and found that 4- to
5-month-old infants were cued by the direction of facial motion, opposite to the per-
ceived shift of gaze direction.

This study offered two possible outcomes. If 9-month-old infants are only sensi-
tive to motion cues, they should look longer to the trials that present face motion
congruent with the object’s location. On the other hand, if they encode the ensuing
eye gaze direction and its relationship to the object, they should look longer to the
trials that present congruent gaze direction (and incongruent motion direction) with
regard to the location of the preceding object.

3.1. Method

Twelve 9-month-old (7 female and 5 male) infants completed the study. Their
mean age was 9;4 (range 8;29-9;9). An additional five infants were excluded from
the analysis because they looked at the test trials for less than 5 s due to fussiness,
(1), did not look away for more than 90 s (1), parental interference (1), or experi-
menter error (2).

The apparatus, stimuli and procedure were the same as those of Experiment 1,
except that, simultaneously with the disappearance of the object, the face was dis-
placed laterally to the same extent as pupil motion in Experiment 1 while the pupils
remained at the same place (Fig. 1b). Familiarization trials were the same as test tri-
als except for the absence of the peripheral objects and the accompanying sounds.

As in Experiment 1, looking times were measured on-line, and a subset of the data
(4 infants) were also coded off-line by a second naive coder. The correspondence
between the two measurements was high (r =.90) and thus all data analyses were
performed using the results from on-line timing.
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3.2. Results and discussion

Looking times during the two familiarization trials were 19.0 s (SD: 23.7 s) and
16.2's (SD: 15.9 s), respectively. Infants looked significantly longer to the gaze-con-
gruent trials than gaze-incongruent trials during the test phase (Fig. 2), and this dif-
ference reached statistical significance (F(1,10) =9.94, p <.02, 11p2 = .498). Average
looking times for congruent and incongruent trials were 27.2 s (SD: 11.2s)and 18.1 s
(SD: 10.2 s), respectively. A non-parametric Wilcoxon’s Sign Rank Test also con-
firmed this effect (Z = —2.12, p <.05). This result shows that gaze direction, and
not spatial congruency between motion and object location, contributed to the
eye—object congruency effect found in Experiment 1.

A main effect of trial repetition was also significant (F(1,10) = 26.46, p <.01,
npz =.726), which was due to infants looking longer to the first test trial pair com-
pared to the second test trial pair. Average looking times for first and second trial
pairs were 30.0 s (SD: 17.3 s) and 15.2 s (SD: 8.3 s), respectively. No other main effect
or interaction was significant.

These results showed that infants look longer to object-congruent gaze (i.e.,
object-incongruent motion) than to object-incongruent gaze (i.e., object-congruent
motion). This outcome of Experiment 2 clarifies that 9-month-old infants’ preference
in Experiment 1 was likely to have been dependent on gaze position rather than on
motion direction in relation to a previously appearing object. This result also sug-
gests that, at least by 9 months of age, infants’ automatic shifts of attention with
motion direction (Farroni et al., 2000) can be overridden by gaze information.

Note that in both Experiments 1 and 2 the gaze shifts were always preceded by a
period of perceived eye contact (i.e., direct gaze), which is known to be a precondi-
tion for gaze following in young infants (Farroni et al., 2003). In the following exper-
iments we investigated whether this preceding period of eye contact is also required
for eliciting infants’ sensitivity to gaze—object congruency.

4. Experiment 3

In Experiments 1 and 2 we found that infants did not only discriminate between
object-congruent and object-incongruent gaze, but consistently preferred to look at a
face glancing to the location of objects. This suggests that infants’ looking time was
not driven by violation of expectation, but was based on paying more attention to
the scene with object-congruent gaze. One hypothesis that explains this preference
is that infants tend to conceive gaze shifts as communicative-referential signals,
and pay more attention when the referent of these signals can be identified (Csibra
& Gergely, 2006). This hypothesis implies that removing the communicative cues
from the situation should eliminate, or at least weaken, the congruency effect found
in Experiments 1 and 2.

Eye contact signals attention or intention directed toward the observer (Kleinke,
1986), and thus mutual gaze is a reliable cue of initiation of communication and
social interaction (Csibra & Gergely, 2006). From 4 months of age, infants’ attention
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follows another person’s gaze direction only when it is preceded by a period of per-
ceived eye contact (Farroni et al., 2003). Further, 4-month-olds encode individual
faces better and can discriminate between familiar and novel faces when they are
habituated to the faces with direct gaze, but not when faces with averted eyes are
used as habituation stimuli (Farroni, Massaccessi, Menon, & Johnson, 2007). These
studies demonstrate that direct gaze facilitates subsequent face and gaze processing,
and it is required for gaze following and face recognition in young infants. It has also
been shown that direct gaze facilitates the detection of subsequent gaze—object rela-
tions in adults (Bristow et al., 2007). Thus, it is possible that the eye contact period
before the gaze shifts in Experiments 1 and 2 contributed to the detection of eye—
object relations, and to the preference for object-congruent gaze, in 9-month-old
infants.

Experiment 3 tested this possibility. Infants were shown displays involving a face
and peripheral objects as in Experiment 1. However, in Experiment 3 the eyes were
closed for a period of time before they opened already directed toward or away from
the object. If a preceding period of direct gaze is required in order to facilitate the
subsequent detection of gaze—object relations, then removing the opportunity for
such eye contact from the stimulus should weaken or eliminate the preference
observed in the earlier experiments. Thus, in Experiment 3, we predicted that the
lack of direct before lateral gaze would reduce or eliminate the preference for con-
gruent eye—object relations.

4.1. Method

Twelve 9-month-old (7 female and 5 male) infants completed the study. Their
mean age was 8;27 (range 8;14-9;8). An additional 5 infants were excluded from
the analysis because they looked at the test trials for less than 5s due to fussiness,
(1), did not look away for more than 90 s (3), or experimenter error (1).

The apparatus, stimuli and procedure were the same as those of Experiment 1,
except that 400 ms after the onset of the face with direct gaze, the eyes closed, and
when they opened again 200-1000 ms later, the eyes were already directed toward
or away from the object (Fig. 1c). Familiarization trials were the same as test trials
except for the absence of the peripheral objects and the accompanying sounds.

As in Experiments 1 and 2, looking times were measured on-line, and a subset of
the data (4 infants) were also coded off-line by a second naive coder. The correspon-
dence between the two measurements was high (r =.96) and thus all data analyses
were performed using results from on-line timing.

4.2. Results and discussion

The infants looked at the two familiarization trials for 14.2's (SD: 15.1s) and
11.9s (SD: 5.1s), respectively. Unlike Experiments 1 and 2, in this experiment
eye—object congruency did not have an effect on infants’ looking time in the test trials
(Fig. 2), as the non-significant main effect of congruency indicated (#(1,10) =0.01,
p>.1, np2 =.001). Average looking times for congruent and incongruent trials were
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17.2s (SD: 8.6 s) and 16.8 s (SD: 10.8 s), respectively. A non-parametric Wilcoxon’s
Sign Rank Test did not find a significant effect either (Z = —0.86, p > .1). In fact, in
the three-way ANOVA on looking times, none of the main effects or interactions was
significant.

This result, when taken together with those in the earlier experiments, shows that
a preceding period of direct gaze (i.e., perceived eye contact), plays a crucial role in
the detection of eye—object congruency in 9-month-old infants. In particular, in the
absence of such a cue, infants seem to fail to appreciate the potentially referential
nature of gaze shifts. Nevertheless, there is a further possible interpretation for this
result. In this experiment, unlike in the previous ones, there was no lateral motion
present. It is therefore possible that such a motion cue is the critical factor for
infants’ perception of gaze—object congruency. Thus, we conducted a further exper-
iment to test whether a preceding period of eye contact, or the presence of the lateral
motion cue, is the necessary prerequisite for the discrimination of gaze—object
congruency.

5. Experiment 4

Experiment 4 tested whether lateral motion is sufficient to recover longer looking
times for object-congruent gaze shifts. As in Experiment 3, infants were shown dis-
plays involving a face and peripheral objects without a preceding period of eye con-
tact. However, in Experiment 4 the opening of the eyes was accompanied by a lateral
face motion in the same direction as the resulting eye gaze. If a preceding period of
eye contact is crucial for facilitating the subsequent detection of gaze—object rela-
tions, infants would still fail to discriminate between object-congruent and object-
incongruent gaze shifts with these stimuli. If, however, lateral motion provides the
crucial cue for them, including the motion cue should recover the preference
observed in Experiments 1 and 2.

5.1. Method

Twelve 9-month-old (8 female and 4 male) infants completed the study. Their
mean age was 8;30 (range 8;4-9;11). An additional 6 infants were excluded from
the analysis because they did not look away from the stimuli for more than 90 s
in a test trial.

The apparatus, stimuli and procedure were the same as those of Experiment 2,
with two exceptions. First, 400 ms after the onset of the face with direct gaze, the
eyes closed, and when they opened again 200-1000 ms later, the eyes were already
directed toward or away from the object (Fig. 1d). Second, just like in Experiment
2, the image of the face translated laterally toward or away from the disappearing
object, but the gaze direction was always the same as, rather than opposite to, the
direction of facial translation.

Familiarization trials were the same as test trials except for the absence of the
peripheral objects and the accompanying sounds.
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As in the previous experiments, looking times were measured on-line, and a subset
of the data (4 infants) were also coded off-line by a second naive coder. The corre-
spondence between the two measurements was high (r = .99) and thus all data anal-
yses were performed using results from on-line timing.

5.2. Results and discussion

The infants looked at the two familiarization trials for 19.5s (SD: 12.6s) and
12.7 s (SD: 9.4 s), respectively. Unlike Experiments 1 and 2, the eye—object congru-
ency did not have an effect on infants’ looking time during the test trials (Fig. 2), as
the non-significant main effect of congruency indicated (F(1,10)=0.01, p> .1,
npz =.001). Average looking times for congruent and incongruent trials were
23.5s (SD: 11.0s) and 24.1 s (SD: 14.4 s). A non-parametric Wilcoxon’s Sign Rank
Test did not find a significant effect either (Z = —0.08, p > .1). As in the Experiment
3, none of the other main effects or interactions was significant either.

These results rule out the possibility that lateral motion that results in an averted
gaze direction is a sufficient cue for 9-months-old infants’ sensitivity to gaze—object
relations. Note that, unlike in Experiment 2 in which gaze and motion direction were
in conflict, infants in the present experiment were provided with multiple directional
cues that were congruent with each other. However, despite the presence of multiple
cues, our participants were not sensitive to whether these cues corresponded to the
object location. Thus, this result corroborates the conclusion of Experiment 3 and
suggests that a preceding period of direct gaze (i.e., a perceived eye contact) plays
a crucial role in the detection of eye—object congruency in 9-month-old infants.

6. General discussion

We conducted 4 experiments to examine 9-months-old infants’ understanding of
the referential nature of gaze. We asked (1) whether 9-months-old infants encode
relations between the direction of eye gaze and the location of an object being looked
at, (2) whether they prefer object-directed to non-object-directed gaze, and (3)
whether detecting gaze—object relations is dependent on the presence of communica-
tive signals, like eye contact.

The first two experiments demonstrated that 9-month-old infants are sensitive to
the relation between eye gaze direction and the location of objects. In Experiments 1
and 2, infants looked longer at a face that gazed toward recurrently appearing
objects than they did to a face that always looked in the opposite direction to the
object location. The longer looking time in congruent trials cannot be accounted
for simply by the ‘gaze-cueing’ effect (Farroni et al., 2000; Farroni et al., 2003; Hood
et al., 1998), or by reflexive orienting to the direction cued by the eye gaze, which
would increase infants’ attention to the peripheral object cued by the gaze shift. This
is because the object was removed from the screen at the same time as the gaze shift
occurred, and well before the latency of infants’ shift of attention in previous studies
(Johnson & Tucker, 1996). In other words, in our paradigm it was impossible for
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infants to find an object simply by reference to the eyes alone. Moreover, we have
ruled out that infants simply preferred the stimulus with greater congruency of spa-
tial attentional cues, because in Experiment 2 infants looked longer at the trials that
contained congruent gaze direction, not congruent facial motion, toward the object.
In addition, when the two kinds of spatial cues (gaze direction and face motion)
coincided in Experiment 4, no effect of congruency was found in the absence of a pre-
ceding period of eye contact. It is thus unlikely that the result of Experiments 1 and 2
could be explained by spatial attentional cues alone.

The results of the following two experiments suggest that sensitivity to gaze—object
relations in 9-months-old infants is dependent on their expectations of referential com-
munication. In Experiments 3 and 4, when direct gaze was replaced with closed eyes
before the lateral gaze, infants did not discriminate between congruent and incongru-
ent gaze positions. This finding suggests that a preceding period of eye contact is crucial
for the longer looking time for object-congruent gaze stimuli. Furthermore, we ruled
out that lateral motion contingent with the gaze shift is sufficient to facilitate infants’
sensitivity to gaze—object relations if the gaze shift does not occur from a direct gaze
position. These results extend previous findings that infants can discriminate between
different gaze directions (Farroni et al., 2002, 2004; Vecera & Johnson, 1995) and are
the first to reveal that infants can encode the direction of eye gaze, in relation to the
location of an object, by at least 9 months of age.

It may seem surprising that eye direction, and not facial translation had an effect on
9-month-old infants’ looking time because previous research has reported that at this
age ‘gaze following’ is based on perceived head- or face-related motion (Brooks &
Meltzoff, 2005; Caron et al., 2002; Corkum & Moore, 1995; Farroni et al., 2000,
2003; Moore & Corkum, 1998). One possible problem common to previous studies
is that they relied on gaze-following behaviour. These studies are unable to tell us
whether infants fail to detect gaze direction, or whether they are simply unable to inhi-
bit attentional orienting elicited by salient facial motion. The looking time measure-
ment adopted in the present study, which is less likely to be affected by the infants’
poor inhibitory control, may thus be a more sensitive measure of referential gaze
understanding.

In addition, our results are not consistent with those of Woodward (2003), who
claimed that infants below 12 months do not comprehend the relation between gaze
direction and the location of the object being looked at. In her study, 7-, 9- and 12-
months-old infants were habituated to an actor who consistently looked at one of the
two objects, which was followed by test events in which the actor looked at either a
new object or at the same object having been looked at the habituation phase.
Twelve-, but not 9- or 7-months-old infants, discriminated between these events.
Why did our study find 9-months-olds sensitive to gaze—object relations while Wood-
ward (2003) did not? One possible reason, already mentioned in the Introduction, is
that Woodward (2003) demonstrated only a single look per trial in her study, while
we allowed our participants to watch as many gaze shifts as they wanted in each trial.
It has been demonstrated (Johnson et al., 2007) that repeated gaze shifts facilitate the
encoding of gaze—object relations in infants. Another possible reason for this appar-
ent discrepancy is that Woodward’s task was more demanding than the current
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study, and required infants to form a more specific representation about the
observed gaze—object relations. For instance, to pass Woodward (2003) task, infants
needed to detect that the actor was looking at a particular object among multiple
objects, memorize that object by its visual features, encode that particular object
as the target of the actor’s looking behaviour, and re-identify the same object in a
new location. In contrast, the current experiments presented no more than one object
at a time and did not rely on habituation. As a result, infants in our study only
needed to detect the relation between gaze direction and the location of a single
object, not a particular object presented among other objects. Thus, our results sup-
port other recent studies (Csibra & Volein, 2008; Johnson et al., 2007) that suggest
that, when the task is made easier for them, 8- or 9-month-old infants display evi-
dence of conceiving gaze in referential (i.e., object-related) terms.

Another important finding of our study is that 9-month-old infants do not discrim-
inate between congruent and incongruent gaze shift in every context. Longer looking
time for the congruent gaze shift was eliminated by the lack of a preceding period of eye
contact. This finding adds to an increasing body of evidence that direct gaze facilitates a
range of social-cognitive functions in young infants. For example, infants follow gaze
only when it is preceded by a period of eye contact (Farroni et al., 2003), and recognize
individual faces better after seeing a face in the context of direct gaze (Farroni et al.,
2007). Since eye contact manifests communicative intention and engages observers
in a communicative context (Csibra & Gergely, 2006; Kleinke, 1986), it is possible that
a clearly defined communicative context is required to activate the cognitive mecha-
nisms that detect the referential nature of observed eye gaze in 9-month-old infants.
Alternatively, direct gaze may simply draw infants’ attention to the eye region, making
it more likely that they detect the pupils’ motion and its congruence with the object’s
location. In addition, one could also argue that a brief period of eye blinking before
the gaze shift, which was used in Experiments 3 and 4, may have captured infants’
attention causing them to miss the presentation of the object. Whether these lower level
interpretations provide a better explanation for the results than our hypothesis,
according to which direct gaze acts as a communication cue, will be the subject of fur-
ther studies.

Some might question whether the design of the current study could tap into
infants’ understanding of the referential nature of gaze, since in our stimuli the gaze
shift followed, rather than preceded, the presentation of the object. However, the
current results cannot be explained by the detection of mere gaze—object contin-
gency, since the lack of communicative context (the absence of a preceding period
of eye contact) eliminated infants’ sensitivity to gaze—object relations in the presence
of gaze—object contingency. We argue that because of the very rapid succession of
these events, a gaze shift towards a disappearing object can also be seen as referring
to that object. Although communicative indexical reference usually designates
objects that are present, the referential relation itself does not require a specific tem-
poral relation. Just like pointing towards the direction of a shooting star that has
already faded away could refer to the star, looking towards briefly appearing objects
could also refer to those objects even if they have already disappeared by the time
that gaze lands on them. In the laboratory, where we artificially create visual objects
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that last only a short period of time, referential gaze towards those objects is not
informative. Nevertheless, an ability that allows infants to quickly detect the corre-
spondence between objects and gaze shifts could, in real life, serve to facilitate learn-
ing about enduring, rather than transient, objects.

Our results indicate not only that infants are capable of discriminating between con-
gruent and incongruent looking behaviours, but also that they prefer to look at the for-
mer one. This pattern of looking cannot be interpreted as reflecting some type of
violation of expectation, because infants looked longer at the face that appeared to
behave consistently with infants’ normal experience. It would rather seem to suggest that
infants pay more attention to the scene that includes referential gaze that follows a clear
communicative cue such as a perceived eye contact. Such a bias would be beneficial for
early social learning, assuming that human infants grow up in an environment where
other members of the community are willing to communicate useful knowledge to them
(Csibra & Gergely, 2006). In such an environment, infants’ bias to attend to communi-
cative-referential behaviours would help them to learn from adults.

Although our experiments demonstrate the presence of this bias in 9-month-old
infants, the exact mechanisms underlying this effect will be investigated in further
studies. At the lowest level of description, this bias can be described as a sensitivity
to the congruency between the location of an unpredictably appearing peripheral
stimulus and the immediately following relative lateral motion of the eyes presented
within a central face. This kind of specific sensitivity, in which the only motion that
matters is that of the pupils in relation to the encompassing face, could explain the
results without referring to a deeper understanding of gaze—object relations. In fact,
this mechanistic account could also underlie the functional explanation we have pro-
vided, and differs from ours only in that it does not specify the function that this spe-
cific perceptual sensitivity could serve. Nevertheless, further studies could test
whether infants detect the spatio-temporal congruency between relative motion
and object location in non-social contexts, or detect gaze—object relations in the pres-
ence of communication cues other than eye contact and in the absence of relative
motion. Such future experiments can answer the question of how specific the phe-
nomenon described is to the referential understanding of gaze.

It also remains an open question whether infants younger or older than 9 months
are sensitive to gaze—object relations. Since preceding eye contact is not necessary for
gaze cueing effects in children older than 3 years of age (Ristic, Friesen, & Kingstone,
2002; Senju, Tojo, Dairoku, & Hasegawa, 2004), it is possible that toddlers are also
less dependent on initial eye contact for the detection of gaze—object relations. In
addition, the current study could be extended to investigate the atypical development
of social cognition in individuals with autism, since atypical gaze processing is one of
the symptoms of this disorder (e.g., Pelphrey et al., 2005; Senju et al., 2004).
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