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Eye gaze is a ubiquitous cue in child–caregiver interactions, and infants are highly

attentive to eye gaze from very early on. However, the question of why infants show

gaze-sensitive behavior, and what role this sensitivity to gaze plays in their language

development, is not yet well-understood. To gain a better understanding of the role

of eye gaze in infants’ language learning, we conducted a broad systematic review

of the developmental literature for all studies that investigate the role of eye gaze

in infants’ language development. Across 77 peer-reviewed articles containing data

from typically developing human infants (0–24 months) in the domain of language

development, we identified two broad themes. The first tracked the effect of eye gaze

on four developmental domains: (1) vocabulary development, (2) word–object mapping,

(3) object processing, and (4) speech processing. Overall, there is considerable evidence

that infants learn more about objects and are more likely to form word–object mappings

in the presence of eye gaze cues, both of which are necessary for learning words.

In addition, there is good evidence for longitudinal relationships between infants’ gaze

following abilities and later receptive and expressive vocabulary. However, many domains

(e.g., speech processing) are understudied; further work is needed to decide whether

gaze effects are specific to tasks, such as word–object mapping or whether they reflect a

general learning enhancement mechanism. The second theme explored the reasons why

eye gaze might be facilitative for learning, addressing the question of whether eye gaze is

treated by infants as a specialized socio-cognitive cue. We concluded that the balance

of evidence supports the idea that eye gaze facilitates infants’ learning by enhancing

their arousal, memory, and attentional capacities to a greater extent than other low-level

attentional cues. However, as yet, there are too few studies that directly compare the

effect of eye gaze cues and non-social, attentional cues for strong conclusions to be

drawn. We also suggest that there might be a developmental effect, with eye gaze, over

the course of the first 2 years of life, developing into a truly ostensive cue that enhances

language learning across the board.
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INTRODUCTION

Social interaction plays a critical role in language acquisition.
Children typically learn language through face-to-face
interactions with their caregivers in social contexts, and
face-to-face communication is inherently multimodal. The
communicating social partners exchange a variety of information
beyond the verbal domain, using facial expressions, gestures, and
most pertinently for the present paper, eye gaze.

Eye gaze is, in fact, a central element in human
communication. Gaze cues during a communicative interaction
can indicate social engagement, reflect a desire to communicate,
reveal the speaker, and the listener’s goals and feelings, and can
direct the attention of the listener to objects in the environment
(Kleinke, 1986). Eye gaze can act as an ostensive cue to a speakers’
intent, by specifying the addressee of the communication and
signaling that the accompanying actions are communicative
and meaningful rather than random acts (Csibra, 2010). This
last function is especially crucial for human infants, since their
limited knowledge of language means that they cannot rely
on the semantic context of the speech signal to understand
that communication is directed toward them. Rather, they
can infer that the social partner (i.e., the adult) is addressing
them by social signals in communication, such as eye gaze,
infant-directed speech, and calling the infant’s name (Csibra and
Gergely, 2009). The current review focuses specifically on the
role of eye gaze in infant language development, over and above
other social cues.

Not only do adults often use such social cues when
communicating with infants, but infants also show a sensitivity
to, and preference for, these signals from early on. Infants display
a sensitivity to eye gaze in at least two distinct ways. First,
they engage in mutual eye contact with their social partner.
Newborns look longer at faces with open eyes than faces with
closed eyes (Batki et al., 2000). They also prefer faces with direct
gaze with which they can engage in mutual eye contact, as
evidenced by their preference for direct gaze only for upright
and not for inverted faces (Farroni et al., 2002, 2004). This
ability to detect and engage in mutual eye contact in live socially
interactive settings develops further over the first 4 months
of life (Vecera and Johnson, 1995). Second, infants learn to
follow an interlocutor’s gaze. Infants begin developing gaze-
following abilities between 2 and 4 months, which become fairly
stable by 6–8 months (D’Entremont et al., 1997; Gredeback
et al., 2010). Orienting to gaze cues becomes almost automatic,
with adult’s gaze direction causing fast visual attention shifts
even in infants as young as 3 months of age (Hood et al.,
1998).

However, it is not yet clear to what extent infants’ sensitivity to
social eye gaze has a function beyond basic perception/attention.

In particular, it is not yet clear whether, and in what ways,
it also facilitates infants’ learning in cognitive domains, such
as language. There are (at least) two reasons to expect that a

sensitivity to eye gaze might facilitate language development.

Acting as an ostensive cue, mutual eye gaze (i.e., eye contact)
can convey the communicative intent of the caregiver and
can put infants in a highly receptive state for accompanying

or upcoming information (Csibra and Gergely, 2009). This is
the role of eye gaze according to natural pedagogy theory
(Csibra and Gergely, 2009), which holds that ostensive cues,
such as eye gaze have a special status in human ontogeny.
On this theory, human communication creates opportunities
for a transfer of knowledge between a sender and a receiver
(caregiver and infant, in this case), and these opportunities
are marked by an abundance of ostensive cues, such as eye
gaze. Human infants are argued to be innately specified to
be sensitive to such cues, such that the presence of those
cues puts them in a highly receptive state for upcoming or
accompanying stimuli.

Yet, eye gaze could also act as a more basic, simple, attentional
cue. In particular, sensitivity to eye gaze could allow infants to
optimize the use of limited attentional resources, by directing
attention to only those parts of the environment in which the
other partner is interested (Niedzwiecka et al., 2018). This could
be in the form of mutual gaze or gaze following. Mutual gaze
draws infants’ attention to the social partner and presumably
to the speech signal provided by them. Gaze following directs
their attention to a target location in the environment, which
facilitates the learning of object properties and their names
(Wu et al., 2014). On this view, eye gaze has no special
social status but is simply an attentional cue. It may not be
different than other low-level cues, such as movement, which
equally attract infants’ attention. Eye gaze provides learning
opportunities for infants through attention modulation rather
than serving a special communicative purpose (Szufnarowska
et al., 2014).

A related issue concerns the types of language learning tasks
that are facilitated by eye gaze. Most studies to date have focused
on the role of gaze following in learning about objects in the
environment, studies in which children follow the gaze of an
interlocutor toward an object and which then test whether gaze
following facilitates the encoding of object properties or object–
wordmappings. However, it is possible that eye gaze might have a
more general learning enhancement function, as specified by the
natural pedagogy theory. In this case, we might expect eye gaze to
have a facilitatory effect on other language tasks (e.g., learning to
process speech).

The goal of this study was thus to systematically review the
literature on the role of eye gaze in early language learning in the
first 2 years of life (infancy). Given the focus on infancy, the scope
of the review is mainly restricted to vocabulary development
(eye gaze may play a role in other areas, such as grammar
and pragmatics, but these develop later in childhood). The
literature searching process identified relevant work not only on
vocabulary development itself but also in three subdomains that
are crucial for the development of vocabulary: word–referent
mapping (labeling), object processing, and speech processing.We
summarize work in all four domains below, before turning to
the question of why eye gaze may facilitate language learning.
In particular, we discuss whether there is evidence that eye gaze
is a highly specialized socio-cognitive cue that puts infants in
a highly charged receptive learning state, as specified by the
natural pedagogy theory, or whether it is simply a highly effective
attentional cue.
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METHOD

We searched the PsycInfo, PubMed, Scopus, and Web of Science
databases from the beginning of database records until January
2019. In order to capture the existing literature, we used broad
search terms, infan∗ AND (eye contact OR gaze) AND (attention
OR learning), within the title or the abstract. We focused
on “attention” and “learning,” rather than narrowing down
to language, because we wanted to include, at this first step,
papers that assessed the role of eye gaze in aspects of cognitive
development that were relevant to language learning, such as the
ability to learn to identify objects in the environment, crucial for
object labeling. This search yielded 2,061 papers in total, which
was reduced to 1,405 entries after duplicate removal.

We then narrowed the search to the following inclusion
criteria: (1) peer-reviewed articles written in English, which
(2) study typically developing human infants between 0 and
24 months of age, and (3) present data for a group of
participants (that meet the second inclusion criteria) in the
domain of cognitive development/learning. We excluded papers
that simply documented the development of infant eye gaze
behavior without addressing the effect of such abilities on
learning, papers that investigated the role of eye gaze in socio-
emotional development (e.g., understanding of facial emotional
expression) andmotor development, and papers that investigated
the role of different types of cue on infant sensitivity to eye
gaze (e.g., infant temperament, maternal depression) where
such studies did not also include an element of learning or
processing. We also excluded papers investigating eye gaze
behaviors in children with autism or other developmental
disabilities, as these focused on different questions (e.g.,
how to characterize the socio-cognitive abilities of children
with autism).

We first screened the 1,405 entries based on their titles
and abstracts with regards to the inclusion criteria. We
identified 91 papers as eligible for full-text review. An
additional seven papers were identified through hand
searching the reference lists of the retained articles and
were added to the review, resulting in 98 papers. In the
second stage, we retrieved the full text of each paper and
reviewed them for inclusion, which resulted in 77 papers
included in the final review. Figure 1 illustrates the literature
search process.

RESULTS

The papers identified in the review can be broadly divided into
two main themes. The first set of papers documented the effect
of eye gaze on four developmental domains: the effect on (1)
vocabulary development in general, and then, its effect in three
subdomains that are crucial for the development of vocabulary;
(2) word–referent mapping (labeling); (3) object processing; and
(4) speech processing. The second set discussed theories that aim
to explain why eye gaze might be facilitative for learning. We
discuss each here in turn. Supplementary Table 1 summarizes
the main information of all studies included.

Effects of Eye Gaze on Infant Learning
Vocabulary Development: Do Infants With Better

Joint Attention Skills Later Develop Better

Vocabulary?
Joint attention refers to the caregiver–infant dyads’ shared
attention to an object or an event while maintaining their
attention to each other. It encompasses a set of socio-cognitive
skills that develop in the first year of life, such as pointing,
referencing, and gaze following. Gaze following is of utmost
importance in studying joint attention in the context of
language development, as most of the studies that investigated
links between joint attention and vocabulary development use
children’s gaze direction and following as a measure of the
understanding of the shared (joint) attentional focus (Akhtar and
Gernsbacher, 2007). Joint attention involves establishing mutual
eye contact with the social partner and then alternating gaze
between the partner and the object (either in the presence or
absence of other cues, such as pointing or verbal referencing).

Gaze following is an important social skill that develops in
the first year of life. Following the gaze of an interactional
partner enables infants to engage in joint attentional periods with
that partner, and this provides potential learning opportunities
for the young language learner. By engaging in joint attention
with the adult and following their gaze, infants can selectively
attend to a single source (e.g., an object). Hereby, they can
direct their attentional resources (which are otherwise naturally
limited) to the properties of that object, allowing them to
disambiguate the speaker’s likely referent. Thus, the ability to
follow a partner’s gaze, and engage in joint attention, is likely to
promote vocabulary development.

Our review identified 17 studies that link gaze following and
vocabulary development. In most of these studies, children’s
understanding of the shared (joint) attentional focus was
measured by testing whether the child followed the adult gaze
to a target location or object when the adult turned toward
the target and then whether they alternated their gaze between
the adult and the target. To do this, many studies used
standardized measures, such as the Early Social Communication
Scales (Mundy et al., 2003a) that assess children’s non-verbal
communication skills, including initiating and responding to
joint attention. Subsequent vocabulary growth was assessed by
parental reports using standardized language tests (such as the
MacArthur-Bates Communicative Developmental Inventories;
Fenson et al., 2007) at later ages, with the respective subtests
for comprehensive and productive vocabulary, and in some
studies, complemented with laboratory observation data using
standardized language measures. As far as possible, we discuss
relations with receptive and expressive vocabulary separately, but
there is some overlap here, as the reviewed papers often test both
and do not always distinguish between them.

Most of the studies reviewed identified positive links between
joint attentional periods between infants and parents and infants’
later vocabulary development (Carpenter et al., 1998; Morales
et al., 1998; Brooks and Meltzoff, 2005, 2015; Beuker et al.,
2013). In terms of receptive vocabulary, individual differences in
responding to joint attention, indexed by infants’ gaze following

Frontiers in Psychology | www.frontiersin.org 3 January 2021 | Volume 11 | Article 589096

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Çetinçelik et al. Eye Gaze and Language Development

FIGURE 1 | Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) flowchart of the literature search, following Moher et al. (2009).

scores, were found to be meaningful at as early as 6 months
and contributed to differences in receptive vocabulary scores
at 12 months (Morales et al., 2000b). Gaze-following behavior
at 10–11 months predicted receptive vocabulary at both 14
and 18 months (Brooks and Meltzoff, 2005). Further, full-term
infants’ responsiveness to gaze alternations in triadic interactions
at 9 months and initiating triadic interactions at 14 months
were positively correlated with later language, such that infants
with more responsivity to gaze shifts had better receptive and
expressive language scores at 30 months (De Schuymer et al.,
2011). One study, however, did not find a link between infants’

responding to joint attention skills at 12 months and their
receptive vocabulary at 12 and 18 months, although it did report
correlations with expressive vocabulary at 18, 21, and 24 months
(Markus et al., 2000).

Many studies also found infants’ joint attentional skills to be
predictive of expressive vocabulary when tested at later ages.
Studies have reported that (1) individual differences in infants’
gaze following abilities at 6 months were positively linked to their
receptive vocabulary at 12 months and subsequent expressive
vocabulary at 18, 21, and 24 months (Morales et al., 1998);
(2) infants’ responding to joint attention at 6, 8, 10, 12, and
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18 months was positively correlated with expressive vocabulary
size at 30 months (although individual differences at 21 and
24 months did not predict language development; Morales
et al., 2000a); (3) individual differences in responding to joint
attention at 9 and 12 months and initiating joint attention at
18 months predicted 24-months expressive language (Mundy
et al., 2007); (4) responding to joint attention at 14 months
predicted 24-months expressive language, when controlling for
general cognitive development (Mundy et al., 2003b); and that
(5) responding to joint attention at 16 months was related to
receptive language at the time of test and both later receptive
and expressive vocabulary (Mundy and Gomes, 1998). Brooks
and Meltzoff reported that infants with higher gaze-following
scores at 10.5 months were able to produce more mental-state
words at 2.5 years, reflecting an effect both on their vocabulary
and theory of mind capacities (Brooks and Meltzoff, 2015). One
study did not report a significant link: Morales et al. (2000b) did
not find links between gaze-following scores at 6 months and
expressive vocabulary at 12 months, but note that this is perhaps
not surprising since there is very little variation in expressive
vocabulary at 12 months. Overall, then, we conclude that the
literature overwhelmingly supports the idea of a meaningful
relationship between joint attentional abilities and receptive and
expressive vocabulary development in infancy.

Interestingly, the findings of one study (Tenenbaum et al.,
2015) suggest that eye gaze cues might enhance learning by
focusing infants’ attention to linguistically relevant information
as well as to their referents in the environment. This study tested
12-months-old infants’ gaze following to an object at the point
at which the adult was describing the object, as well as their
looking toward the speaker’s mouth, rather than simply testing
gaze following ability per se. Infants’ gaze performance in this task
predicted later expressive vocabulary at 18 and 24 months. These
findings are in line with the literature suggesting a developmental
shift in infants’ attention from the speaker’s eyes to their mouth
between 4 and 8 months, with a shift back to eyes starting to
emerge around 12 months (Lewkowicz and Hansen-Tift, 2012).

On a related note, some studies suggest that later language
development is better predicted when we consider multiple
pre-linguistic communicative behaviors together, rather than
focusing only on gaze following. Brooks and Meltzoff (2008),
using growth curve modeling, reported that, together, pointing,
gaze following, and looking time (duration of looks at the
target object) at 10–11 months predicted more of the variance
in the speed of vocabulary growth at 2 years than the
individual predictors alone. Importantly, infants’ pointing and
gaze-following scores did not correlate significantly with each
other, suggesting that they are tapping different abilities (but
also see Carpenter et al., 1998). This finding suggests that
different pre-linguistic abilities may serve different functions; for
example, while pointing helps infants initiate triadic attention
with the parent, following the parent’s gaze may enable infants
to understand the referent of words. In a similar vein, D’Odorico
et al. (1997) reported that the coordinated development of two
communicative behaviors between 12 and 20 months, gaze and
vocalizations, was a sign of conversational competence, which
then predicted language production at 20 months. Although

care must be taken when interpreting this result as the sample
size was small (N = 13), the findings are supported by recent
studies that suggest a key role of infant vocalizations in the
pre-linguistic period (McGillion et al., 2017; Donnellan et al.,
2020). Interestingly, coordinated gaze-vocalization behavior at 11
months, which may signal infants’ communicative intent, was
the strongest predictor of expressive vocabulary at multiple time
points up to 24 months (Donnellan et al., 2020).

However, while many studies reported positive relationships
between gaze following or gaze alternation skills and language
development, some have suggested that these effects are mediated
by other factors. For instance, a recent study measuring both
parent–infant joint attention and infant sustained attention in
naturalistic interactions found that both joint attention and
infant sustained attention at 9 months predicted language
development at 12 and 15 months, but joint attention by itself
was not a strong predictor (Yu et al., 2019). Joint attention
periods that did not coincide with sustained infant attention to
the target object did not predict later vocabulary scores, while
infant sustained attention to the object did, regardless of the
joint attentional state at the time of the naming event (Yu et al.,
2019). Further, one study did not find any links between joint
attention abilities, indexed by gaze alternation between the adult
and object, at 20 months and later language, although it reported
associations with theory of mind abilities (note though that the
sample size was low: 13 infants; Charman et al., 2000).

In summary, with a few exceptions, the results generally
support a positive association between joint attention skills and
vocabulary development. However, it is not possible to directly
establish cause and effect from such studies, since they are
observational, and in the main, correlational. In the next three
sections, we review the evidence from three subdomains linked
to vocabulary acquisition that might help explain why there is
such a positive association: evidence that eye gaze (a) facilitates
the learning of word–object mappings, (b) facilitates the learning
of object properties, and (c) facilitates speech processing.

Word–Object Mapping
In joint attentional contexts, adult and infant attend to the
same object while maintaining shared attention with each other,
established by mutual gaze (Carpenter et al., 1998). In such
instances, eye gaze can direct infants’ attention to a specific
object in their environment, thereby creating an ideal window for
them to learn more about properties of that object, including the
label used to refer to it. Hence, gaze following can be a reliable
strategy for infants to map words onto objects. In this section, we
review evidence for the role of gaze (following) in forming these
word–object mappings, based on the 12 papers identified by our
systematic review.

As early as 6–8 months of age, the frequency of infants’ gaze
switches between their mother and an object that occur just at
the point at which the mother names an object can affect word
learning; two studies reported that infants who switched their
gaze frequently were more likely to learn word–object mappings
in naturalistic interactions (Gogate et al., 2006; Matatyaho and
Gogate, 2008). However, evidence for a sophisticated ability to
use gaze cues to form word–object associations does not seem to

Frontiers in Psychology | www.frontiersin.org 5 January 2021 | Volume 11 | Article 589096

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Çetinçelik et al. Eye Gaze and Language Development

appear until the second year of life. In particular, the evidence
suggests that it is only toward the end of the second year
that infants can use gaze cues to map labels onto the object
in situations where perceptual salience cues conflict with social
(eye gaze) cues (Moore et al., 1999). For instance, Moore et al.
(1999) demonstrated that, when presented with a novel label, 24-
months-old, but not 18-months-old, picked the toy to which the
adult had directed their gaze during familiarization. This was true
even when the saliency of the other object was higher (salience
was manipulated by illuminating and rotating one of the two
possible referents of the label). Eighteen-months-old infants only
correctly matched the object to its label when both referential
and salience cues reference the same object (Moore et al., 1999).
Similarly, Hollich et al. (2000) reported that 24-months-old
infants chose to follow adult’s gaze direction to map words to
objects, rather than using other salient but non-referential cues.

It is possible that younger children can use eye gaze cues
to learn word–object associations but only in certain situations.
In one study, infants aged between 12 and 18 months followed
the gaze of a stranger as well as that of their caregiver but only
formed word–object associations when following the caregiver’s
gaze (Barry-Anwar et al., 2017), although note that in other
studies, infants of this age did learn from a stranger (e.g.,
Moore et al., 1999; Hirotani et al., 2009). The “social” nature
of the agent also seems to be important for younger children
to establish word–object mappings; 18-months-old learned the
names of novel objects when the labels were provided by a
human, but not a robot, although they did follow the robot’s gaze
(O’Connell et al., 2009). Even older infants’ ability to learn from
eye gaze cues can be derailed. For example, Graham et al. (2010)
reported that 24-months-old infants’ learning from gaze cues was
also affected by “default” biases, such as mutual exclusivity (the
assumption that a single object has only one label), with infants
relying on mutual exclusivity when gaze cues offered conflicting
information. Optimal learning only occurred when eye gaze and
mutual exclusivity provided coinciding information (Graham
et al., 2010).

There also seems to be some evidence that infants only treat
gaze cues as referential cues (i.e., cues to object labels rather than
simply low-level attentional cues) from about 24 months of age.
Graham et al. (2011) tested 24-months-old infants’ word learning
both when the experimenter’s gaze cued the location of the object
andwhen the gaze cued the object itself. In the location condition,
the experimenter looked at the target location, provided the
label, and then placed the object in that location. In the object
condition, the object was presented in the target location before
the label was given. The results showed that, although infants
followed gaze equally well in both conditions, they formed word–
object mappings only when the experimenter’s gaze cued the
object already in the location (the object condition). The authors
argued that this was because the infants treated gaze as a signal
of referential intent; they expected to find an object to which the
word can be mapped in the cued-at location and only learned
the label in the condition in which this expectation was satisfied.
Interestingly, one study suggests that even infants’ preferred
social cue preferences may change with age: Paulus and Fikkert
(2014) reported that young infants (14-months-old) relied more

on eye gaze cues when learning word–objectmappings, but adults
and older infants (24-months-old) relied more on pointing cues.

In summary, it seems that eye gaze influences infants’ learning
of word–object pairings. There exists a clear developmental
trend in increasing sophistication over the first 2 years of
life, supported by infants’ developing attention, memory, and
information processing capacities (Yurovsky and Frank, 2017).
However, it is not always clear from such studies whether it is
eye gaze per se that is driving the effect because it is usually
difficult to disentangle eye gaze and other joint attentional
cues. For instance, Hirotani et al. (2009) used an event-related
potential (ERP) paradigm to investigate the effects of joint
attention on infants’ word learning at 18–21 months. Infants
were taught novel word–object combinations in either a joint
attention context (eye contact, positive tone of voice) or non-joint
attention context (eye contact averted, neutral tone of voice). For
words learned in the joint attention context, incongruent object–
word pairs resulted in a late negativity, similar to a N400 effect,
reflecting a failure in semantic integration. However, as both eye
gaze and other social cues, such as the speaker’s tone of voice were
jointly manipulated, it is difficult to conclude which cue drove
the effect.

There is one study, however, that provides evidence
that infants can use eye gaze cues under more tightly
controlled experimental settings. Houston-Price et al. (2006)
used prerecorded videos of an experimenter turning her head
(with gaze following) to one of the two objects placed on her right
and left, while a label was provided over the loudspeaker. The
use of a prerecorded video allowed the authors to control for the
presence of other (covert) joint attentional cues. Fifteen-months-
old successfully learned the word–object pairings in this context.
Although this is only one study that needs to be replicated,
such findings in controlled settings suggest that learning can
indeed be driven by the presence of the intended social cue (gaze
direction) and is not a result of additional, covert social cues that
might occur when infants are interacting with a live experimenter
(Houston-Price et al., 2006).

Object Processing
Another explanation for why infants’ sensitivity to gaze cues
might affect vocabulary development concerns the role of gaze
cues in object processing. Given that a necessary precursor to
learning to map words onto objects is learning to identify objects
themselves, it may be that eye gaze facilitates object processing
directly, which then indirectly facilitates word learning. By 4
months, infants start to follow an adult’s gaze to a location and
use this cue to switch their attention to that location. It has
been suggested that this facilitates processing of the properties
of the target object rather than other competing stimuli in the
environment (Reid and Striano, 2005). In other words, infants
not only are more likely to pay attention to a specific object as a
result of the adult’s gaze direction but also will be more likely to
process that object and thus learn more about it. This facilitatory
effect is likely to contribute to infant’s ability to form word–
object mappings by enhancing successful encoding of object
properties, to which words are then mapped, and thus language
development. In fact, object processing has been found to be a
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mediator of the relationship between gaze following and later
vocabulary development (Okumura et al., 2017).

Our systematic review identified a large number of studies
(n = 28) demonstrating a role for eye gaze cueing in infants’
object processing. Many of these (n = 14) used variations on
the behavioral novelty preference paradigm. In this paradigm,
infants are first familiarized with novel objects using simple,
prerecorded images or videos that either depict a person looking
toward (cued) or away from the object (uncued) or that depict a
person first establishing eye contact and then turning their head
and gaze to one of two objects placed on either side of the face.
In a subsequent test phase, the object(s) are presented without
the face, and infant looking times to the object(s) are measured.
Differences in infants’ novelty preference in the test phase is taken
to reflect differential processing of cued and uncued objects in the
familiarization phase, possibly due to more attention to the cued
object. The assumption here is that the previously uncued object
will be perceived as more novel, thus resulting in longer looking
times due to infants’ novelty preference. In general, such studies
have reported the expected novelty preference for the uncued
object (see, e.g., Reid and Striano, 2005, who found this effect with
4-months-old). Similarly, social cues, such as the face and eyes
turning toward the target object have been shown to enable 9-
months-old infants in making inferences about object properties,
even when distracting cues are present (Wu et al., 2011).

In an experimental setting using live joint attention
interactions, joint attention has been shown to facilitate
object processing for 9-months-old, but not 4-months-old,
compared to a non-joint attentional condition in which the
experimenter alternated gaze between object and the ceiling
(Cleveland and Striano, 2007). A similar study found effects for
7-months-old but not 5-months-old (Cleveland et al., 2007).
These results point at a developmental shift during the first year
in how infants understand and make use of eye gaze cues in joint
attentional settings to learn about objects. This shift occurs at
about the same time as, or slightly earlier than the time that,
children are starting to learn to understand, and perhaps even
produce, their first word. Although 4–5-months-old infants
might not be able to process the triadic interaction facilitated by
eye gaze in complex interactional settings, it looks like there is a
gradual shift toward more sophisticated understanding of joint
attentional cueing, starting at 5 months (Cleveland et al., 2007).

However, infants’ reliance on joint attention in object-
processing tasks may be affected quite substantially by the nature,
and in particular complexity, of the task. For example, Striano
et al. (2006a) compared infant looking times in two conditions:
(a) one in which the experimenter alternated their gaze between
a toy and the infant while speaking about the toy during
familiarization and (b) one in which the experimenter switched
their gaze between a spot on the ceiling and the toy, without
looking at the infant during familiarization. In the test phase,
when the familiar and a novel toy were presented together, 12-
months-old infants looked equally at the novel toy irrespective of
the presentation condition, whereas 9-months-old looked at the
novel toy only after the joint attention condition. This suggests
perhaps that the reliance of infants on social cues depends on
how challenging the task is at the developmental stage they are

in. Object processing may be a challenging task for 9-months-old
infants, who may thus rely on the presence of joint attentional
cues that simplify the task by directing their attention to a
specific location. By 12 months, infants may be able to parse
more of their environment more easily and thus may no longer
depend on such cues for simple tasks, such as processing basic
properties of a single object. However, they may still heavily
make use of joint attentional cues in more complex, cognitively
demanding settings, such as in the presence of multiple objects,
more challenging object properties, or multimodal input.

That said, infants seem to clearly understand the referential
nature of the gaze following action by 12 months. Twelve-
and 18-months-old infants can follow an experimenter’s gaze
behind barriers where an object is hidden (Moll and Tomasello,
2004). Similarly, 8- and 12-months-old show surprise reactions
when objects are not at the expected location when the barrier
is removed (as indicated by longer looking times; Csibra
and Volein, 2008). This suggests that they expect gaze to
convey information about the object’s location (i.e., referential
information). Further evidence that infants expect human eye
gaze to convey referential information comes from studies
comparing infants’ reactions to human and robot gaze. In a study
comparing infants’ gaze following behavior of a human and a
robot agent, 12-months-old infants reliably followed both human
and robot gaze, but they demonstrated reliable prediction of an
object at the target location only when it was cued by human gaze
(Okumura et al., 2013b). Moreover, their learning about objects
seemed to be affected by the humanness of their interlocutor, as
they only showed enhanced processing of the object when it was
gazed at by a human agent (Okumura et al., 2013a). Interestingly,
children only 2 months younger, at 10th month of age, failed to
predict the appearance of the object when cued by a robot or
a human agent (Okumura et al., 2013b; note that although this
findingmay seem to contradict previous studies showing learning
of object properties after gaze following in younger infants, in
fact the task in this study was more challenging, as the infants
had to anticipate the location of the object in order to show
successful learning).

The literature reviewed above suggests a role for eye gaze
cueing in facilitating infants’ object processing that develops
during the first year of life; infant’s novelty preference for uncued
objects in the test phase is taken to reflect enhanced processing of
cued objects during familiarization. However, this might not have
long-term learning effects. For example, in one study, although
12-months-old infants followed the experimenter’s gaze to the
cued object, they only displayed a novelty preference for the
uncued item during the first test trial, and not during later trials
(Theuring et al., 2007). This raises the possibility that gaze cueing
may have only short-term effects on 12-months-old infants’
processing of objects (Reid and Striano, 2005).

It is also important to note that infants might learn from
non-social cues as well. Barry et al. (2015) reported that 9-
months-old successfully used both social (a person’s eye gaze)
and non-social (a rectangle) cues to learn about statistical
object regularities. However, recent electroencephalogram (EEG)
studies with 4-months-old infants comparing the effect of social
and non-social cues in learning object properties provided
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contrasting evidence, suggesting that infants’ object processing
was facilitated specifically by social cues (Wahl et al., 2013, 2019;
Michel et al., 2019).

Another intriguing finding is that the presence of mutual
gaze, possibly signaling communicative intent, might affect what
infants learn about an object. Yoon et al. (2008) showed 9-
months-old infants videos of an adult that either (a) pointed
at an object while making eye contact with the infants and
greeting them in an infant-directed manner (communicative
context) or (b) reached for an object, without making eye
contact or addressing the infants (non-communicative context).
Infants retained information about the object identity, but not
its location, when objects were presented in a communicative
social context, and retained location but not identity information
in the non-communicative setting. The authors suggested
that ostensive cues in communication, such as eye contact,
pointing, and infant-directed speech, may bias infants to encode
generalizable features that support learning about object kinds.
Variable information, such as the spatiotemporal features of an
object, is deemed non-generalizable and thus is not retained.
Note that a conceptual replication study by Okumura et al. (2016)
only partially replicated the results. The authors reported an
object identity bias in the communicative context but no location
bias in the non-communicative context. Thus, the hypothesis that
eye gaze might modulate what infants learn from interactions
remains an important issue for future research.

In summary, a large number of studies report a facilitative role
for eye gaze in infants’ object processing. However, it is important
to note that most, if not all, of the studies described above provide
only indirect evidence that infants detect differences between
cued and uncued objects because they are reliant on interpreting
novelty preferences (they interpret novelty preference to uncued
objects as indicating greater stimulus encoding or processing
of the object presented in a prior cued phase). Neuroimaging
studies, however, can provide more unambiguous evidence for
differential processing in eye gaze cue vs. other conditions.
Our review identified a number of studies (n = 14) that use
neuroimaging paradigms to address these issues. The focus of
these studies is mainly on identifying the neural mechanisms that
underlie infants’ enhanced processing and learning to understand
why infants learn better in the presence of eye gaze cues, which
we will review in detail inWhy Does Eye Gaze Facilitate Learning?
below. However, it is worth noting that a number of these
studies provide direct evidence for the role of eye gaze during
object processing, as they show that infants’ neural responses
to objects differ as a function of eye gaze during the object
familiarization or test period (Reid et al., 2004; Reid and Striano,
2005; Striano et al., 2006b; Hoehl et al., 2008b, 2012; Parise
et al., 2008; Kopp and Lindenberger, 2011, 2012; Wahl et al.,
2013, 2019; Hutman et al., 2016; Michel et al., 2019). Thus, we
conclude that the balance of evidence suggests that infants can
reliably use adults’ gaze to facilitate attention to a location by
4–5 months of age. Gaze cues also seem to lead to enhanced
object processing in infants as young as 4 months. However,
again, care must be taken in interpreting the overall results, as
many studies may conflate eye gaze with other ostensive, joint
attentional cues.

Speech Processing
The review identified a small number of studies (n = 3)
showing that the direction of eye gaze, signaling whether the
infant is addressed as the receiver of the communication, also
modulated infants’ neural responses to speech. In one study,
mutual gaze (direct vs. averted) as well as object-directed gaze
(referential vs. averted) influenced the ERP response to forward
compared to backward speech in 4–5-months-old infants, both
at early stages of processing (the Nc, for mutual gaze only) and
at later latencies (slow wave, for both mutual and referential
gaze; Parise et al., 2011). Similarly, a functional near-infrared
spectroscopy (fNIRS) study by Lloyd-Fox et al. (2015) that
used a naturalistic interaction design revealed that 6-months-
old infants’ cortical responses to infant-directed speech (and
gestures) were enhanced in inferior frontal, anterior temporal,
and temporoparietal regions when speech was presented with
direct eye contact. These regions were found to be involved
in the processing of communicative cues in previous studies
(Grossmann et al., 2008). Interestingly, in this study, the
facilitatory effect of eye gaze was only observed in combination
with infant-directed speech, which is not surprising since this
is the register caregivers generally use when talking to their
infants (and which also may be processed as an ostensive cue).
Besides these two studies reporting gaze effects on the neural
processing of speech, one study also reported gaze effects on the
discrimination of phonemic boundaries from speech. Conboy
et al. (2015) examined 9.5–10.5-months-old English infants’
joint attention with Spanish-speaking interlocutors in a live
interactive setting in which the interlocutor described objects to
the infants and read picture books to them. They found that
infants’ gaze shifts between the objects and the interlocutor,
an index of their joint attention, predicted their perception of
Spanish phonemes when tested at 11 months, such that infants
with greater gaze shifts showed better neural discrimination of
Spanish phoneme contrasts.

These findings suggest that eye gaze cues provided by
the social partner, as well as the degree to which infants
make use of them, might influence how infants process
and learn from speech. In particular, gaze shifts may reflect
infants’ information processing abilities and signal attention
to the information provided by the social partner, thereby
increasing the opportunities for learning. However, as these
conclusions come from only three studies, further work is
needed to understand what drives this learning effect and the
mechanisms that support a connection between social behavior
and speech perception.

Why Does Eye Gaze Facilitate Learning?
In the previous sections, we presented evidence showing that
infants tend to learn more in the presence of gaze cues compared
to the absence of such cues. However, the discussion so far has not
provided an answer to why infants learn better in the presence of
gaze cues. Our systematic review process identified 32 studies that
either directly addressed this question or that present evidence
that speaks to this question. In this section, we first discuss the
neurocognitive mechanisms by which eye gaze might have a
facilitatory effect in infant’s language learning. Then, we present
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the evidence for the different theories that aim to specify the
status of eye gaze in infants’ learning: do infants learn better
simply because gaze is an attention-grabbing cue or does gaze
hold special meaning for infants, signaling the referential and
communicative intent of the adult?

Neurocognitive mechanisms of the facilitatory role of eye gaze
A number of the studies identified in our review demonstrated an
early specialization of the cortical regions that are involved in the
processing of face-to-face communication cues, such as eye gaze
perception, showing that even very young infants (at 4 months)
show adult-like responses to eye gaze and facial communication
cues (Grossmann et al., 2007, 2008) and display similar behavior
even when presented with schematic gaze cues (Farroni et al.,
2006). For example, in a neuroimaging study with 4-months-
old infants, infants’ gamma oscillatory activity was different for
direct compared to averted gaze, in right frontotemporal regions,
similar to adults (Grossmann et al., 2007). Furthermore, mutual
gaze and eyebrow raise together with a smile (when mutual
gaze was established) elicited similar neural activations, and the
eyebrow raise with a smile led to this activation only when it was
preceded by mutual gaze, so only when the infant was directly
addressed. Possibly, this activation was only elicited when the cue
was interpreted as ostensive (and communicative; Grossmann
et al., 2008).

Eye gaze may function by facilitating infants’ general attention
and arousal, thereby increasing their receptivity in social
interactions that foster learning. Extensive neuroimaging work
has pointed at multiple neural correlates that differ as a
function of eye gaze cues and which index attentional processes.
For instance, Reid et al. (2004) showed that 4-months-old
infants had enhanced positive slow wave (PSW) responses in
their ERP signals to objects that were previously not cued
with the experimenter’s gaze, compared to cued objects. The
PSW component is related to memory processes and stimulus
encoding and has been found to be larger for novel objects
and faces compared to already processed items (de Haan and
Nelson, 1999). The authors, thus, argued that the infants needed
to perform additional memory updating for the uncued objects,
giving rise to the enhanced PSW. This effect was further
modulated by the nature of the social cue (Michel et al., 2019)
and familiarity of the adult, since in one study with 4-months-
old infants, an enhanced PSW was only observed for uncued
objects after objects were presented by the caregiver (Hoehl et al.,
2012). This finding suggests that cues used by the caregiver might
result in enhanced learning, possibly because of an additional
increase in processing capacity and/or an increase in attention
when interacting with a familiar adult. It should also be noted that
older infants might benefit from caregivers’ and strangers’ eye
gaze cues to a similar extent, since it has also been demonstrated
that infants between 4 and 6 months show a stranger preference
when following gaze (Gredeback et al., 2010).

Further, the negative central (Nc) component, which is taken
to reflect attentional arousal and attentional orienting to salient
stimuli (Richards et al., 2010), was found to be enhanced in
response to objects that were previously cued by the adult’s
eye gaze and when joint attention was established by mutual

gaze before directing gaze to the object. For example, Parise
et al. (2008) reported that 5-months-old had significantly larger
Nc components in the left frontocentral regions in response
to objects that were presented with joint attention (alternating
gaze between infant and object after sharing mutual gaze with
the infant) compared to the non-joint attention condition (no
mutual gaze, looking at object only) during the familiarization
phase (Parise et al., 2008). Hoehl et al. (2008b) presented similar
results with 3-months-old, showing increased Nc for objects
presented with direct gaze and a fearful expression. Findings of
Wu et al. (2014) suggest that 8-months-old did learn more about
the location of multimodal objects when ostensive cues, such
as a video showing a person with direct eye gaze (while also
verbally addressing the infant) preceded non-social attentional
cues (flashing squares) in the training phase, even when the face
did not turn toward the cued location. Similarly, a small sample
EEG study suggested that “joint engagement,” which presumably
entails more than gaze cues (e.g., gestures and facial expression),
led to a larger frontal positive component for objects presented
with joint engagement and a larger Nc for objects presented
without, indicating more familiarity for objects presented with
joint engagement (Hutman et al., 2016). However, establishing a
causal role for eye gaze in this observed enhancement effect is
not possible in these studies due to coinciding ostensive cues (eye
gaze presented together with verbal cues or gestures).

The studies we identified demonstrated that infants show
differential brain states during object processing and social
interaction with or without joint attention, involving direct
eye contact, with an adult (Senju et al., 2006; Hoehl et al.,
2014a,b; Michel et al., 2015; Urakawa et al., 2015). For
example, Striano et al. (2006b) demonstrated that eye contact
established before joint attentional periods during object viewing
led to enhanced Nc in 9-months-old, reflecting attentional
orienting or attentional arousal. This can then lead to more
successful information encoding due to the channeling of limited
attentional resources to the relevant aspects of information.
Similarly, enhanced Ncs for objects not previously cued with
adult’s eye gaze shift or head direction were observed in 4-
months-old (Hoehl et al., 2014b). Further, 9-months-old infants
showed desynchronization of alpha oscillatory activity when
viewing objects with an adult, only when the adult engaged
in direct eye contact with the infant prior to orienting to
the object (Hoehl et al., 2014a), similar to findings of joint
attention studies with adults (Lachat et al., 2012). Similar
results were observed for 4- and 9-months-old oscillatory
activity for object-directed gaze (Michel et al., 2015), which
was interpreted as a reflection of infants’ developing executive
attention control networks. The desynchronization of alpha-
band activity, in the context of joint attention, is taken to
reflect cortical excitation, attentional suppression of external
input in order to focus on relevant information (Ward, 2003),
and interestingly, an activation of a generic semantic knowledge
system in adults (Klimesch, 2012). Thus, Michel et al. (2015)
tentatively concluded that this desynchronization effect could
reflect infants’ enhanced receptive state of semantic knowledge
transmission, which was activated by the use of ostensive gaze
cues, thereby offering an interpretation of the attentional arousal
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effect in terms of natural pedagogy. This proposal requires
further investigation.

The difference in neural responses to objects could also arise
from infants’ differential neural processing of the adult’s gaze
in relation to the object. Infants processed the experimenter’s
gaze differentially when her gaze was directed to an object
compared to when gaze was averted from an object (Hoehl
et al., 2008a). Object-directed gaze led to an enhanced positive
slow wave (PSW), while object-averted gaze elicited a more
enhancedNc, with its peak occurring significantly later compared
to object-directed gaze (Hoehl et al., 2008a; Wahl et al.,
2019). These results suggest that object-directed gaze might
be encoded faster and require less attentional resources as
reflected by the latency and amplitude of the Nc and may
promote better memory encoding as reflected by the enhanced
PSW. These could create opportunities for better processing of
consequent environmental stimuli. Gaze cues in the context of
joint attention (as in Striano et al., 2006b) might also affect the
long-term retention of information about objects. Nine-months-
old positive components (Pb; positive deflection between 200 and
400ms, possibly reflecting contextual processing and expectation
of an event) differed as a function of whether infants were
familiarized with objects in joint attention or non-joint attention
contexts. Similar effects were observed in another study both
immediately and 1 week after familiarization (Kopp and
Lindenberger, 2011), although in this study, two ostensive cues,
direct eye contact and infant-directed speech, were conflated in
the joint attention context.

Eye gaze in infants’ learning: special or “just” attention?
Overall, studies testing infants’ processing of eye gaze cues,
mostly in relation to objects, suggest that eye gaze cues might
facilitate learning by enhancing attention and memory encoding.
However, while these studies provide a basis for interpreting
eye gaze as a highly salient and advantageous social cue in
infants’ social communication and learning, they cannot provide
a concrete answer to whether such ostensive cues have a special
state for infants (i.e., whether they convey meaning over and
above other attentional cues). This is because these studies do not
directly compare eye gaze to other non-ostensive attentional cues.
Our search procedure identified only a small number of studies
that directly investigated whether it is the enhanced processing
elicited by the social nature of such cues or their (low-level)
attention-grabbing features, such as movement, that contribute
to learning (Farroni et al., 2000). The results of these studies
are, overall, inconsistent. Some report results that support the
natural pedagogy theory (i.e., that there is enhanced processing
associated with the ostensive nature of eye gaze cues), but others
conclude that eye gaze is notmore facilitative than other low-level
attentional cues.

In support of the natural pedagogy theory, Senju and Csibra
(2008) reported differences in how infants responded to the
ostensive and non-ostensive cues that preceded an adult’s head-
turn/gaze switch toward an object. They demonstrated that 6-
months-old infants followed an adult’s gaze when the gaze switch
was preceded by an ostensive cue, such as direct eye contact
or infant-directed speech. The 6-months-old infants, however,

did not reliably follow gaze when the gaze switch followed a
non-ostensive, attention-grabbing cue. Similarly, 8-months-old
infants performed more successfully in learning the location of
cues in multimodal events when ostensive cues (a face addressing
the infants with direct eye contact, accompanied by infant-
directed speech) preceded non-social attentional cues (flashing
squares). This was true even when the ostensive cue itself did not
orient toward the cued location. These results suggest that the
ostensive cue helped infants learn from other non-ostensive cues
(Wu et al., 2014).

There is also evidence that, during object processing, 4-
months-old infants showed sensitivity to eye gaze cues but not to
non-social attentional cues, as shown by their enhanced positive
slow wave ERP responses to uncued objects (Michel et al.,
2019). Further evidence is provided by Parise and Csibra (2013)
who illustrated that 5-months-old infants’ had overlapping
electrophysiological responses to infant-directed speech and
direct eye gaze in (pre)frontal regions, similar to adults. As
direct eye gaze and infant-directed speech occur in different
modalities, they do not have any common low-level physical
properties; the overlapping brain activity must thus be due to
another mechanism than the perception of low-level stimulus
features. The authors hypothesized that if the observed activity in
these regions was driven by increased attention, the combination
of the two signals should produce a greater activity; however, the
two signals gave rise to the same activity, with an early latency,
as either signal in isolation. The authors took this obligatory
response with an early latency as indicating infants’ “fast and
rudimentary interpretation” of the stimuli as ostensive, rather
than resulting from the stimuli’s low-level attention-grabbing
features (Parise and Csibra, 2013). Interestingly, the combination
of one ostensive and one non-ostensive signal, such as infant-
directed speech (IDS) and averted gaze, did not cancel out the
effects, but this might be due to the fact that the infants were too
young to inhibit the early response to one ostensive signal, even if
the accompanying cue in the other modality did not corroborate
its ostensive nature.

Consistent with these results, 4-months-old infants’ object
processing was influenced by social cues (Wahl et al., 2013). Here,
the effects were compared of directionally cueing objects with
either an inanimate object (e.g., a car) or a human face. When
the human face provided the cues, infants showed increased
attention to, and processing of, uncued objects compared to
the cued ones., This was indicated by increased looking times
and enhanced Nc amplitudes for the uncued object, suggesting
that the cued object was processed more efficiently (Wahl et al.,
2013). When the cues were provided by the car, there were no
looking time differences and only marginally significant ERP
effects. However, in a later study, the authors raised concerns
about the perceptual similarities between cars and human faces
(features of the car stimuli that could be interpreted as face-like
features by infants, such as side mirrors) and infants’ possible
familiarity with cars. Instead, they used a box with either a
checkerboard pattern or with eyes as the central cue (Michel et al.,
2019). Their results revealed a more robust enhanced PSW in
response to uncued objects when cued with eyes (although the Nc
component did not differ between conditions). This suggests that
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social cues (even schematic patterns thereof) might play a specific
role in infants’ learning about objects, over and above other
attention-grabbing, dynamic cues. Interestingly, another study
found increased looking times and an enhanced Nc in response
to objects that were previously not cued by isolated eyes gazing
at the object (without a face). An enhanced slow-wave positivity
was found in response to the object-directed (vs. averted) isolated
eyes cue, suggesting that eyes only might be sufficient to facilitate
object encoding (Wahl et al., 2019). This might also depend on
the contrast polarity of the schematic images (black circles on
white background vs. white circles on black background; Michel
et al., 2017 also see Jessen and Grossmann, 2014).

The studies summarized above have been interpreted as
support for natural pedagogy theory by many, since they seem
to show differential (and sometimes enhanced) reactions or
learning in the presence of ostensive cues. These reactions or
learning, accordingly, do not result from the presence of low-
level attentional, non-ostensive cues only (Csibra and Gergely,
2011). However, there are also studies that report no difference
in differential gaze following or learning preceded by ostensive
and non-ostensive conditions. These usually conclude that eye
gaze is simply an attentional cue, which is highly salient for
the infants from an early age on as evident by their automatic-
like orientation toward its direction. On this view, eye gaze acts
as a powerful attention modulator because it highlights to the
infant where to attend in the noisy environment and which
relevant information pieces are available in the environment
to learn. On this view, eye contact may enhance infants’
overall social attention to the environment and communication
partner. This facilitates learning (Szufnarowska et al., 2014),
but it does not necessarily hold a unique (ostensive) meaning
for the infant to the extent that they treat it differently from
other non-social attentional cues. Moreover, gaze following does
not necessarily signal that infants understand the interlocutor’s
communicative intent.

Our review identified a number of studies (n = 5) showing
that ostensive cues (such as eye contact but also infant-directed
speech) do not necessarily need to be present for infants to
follow an adult’s gaze to a particular part of the environment.
For instance, de Bordes et al. (2013) showed that 20-months-
old infants followed the adult’s gaze equally well after eye contact
was established as when adult’s eyes were made salient by placing
colorful moving dots over them but no direct eye contact was
present (although note that the adult’s gaze was still directed
at the infant, even when it was covered by the blinking dots,
so infants might still have interpreted this condition as direct
eye contact). In addition, these infants were substantially older,
and thus capable of more sophisticated gaze cuing, than the
children in many other studies). Similarly, it has been suggested
that 6-months-old infants follow gaze in different ostensive
and non-ostensive contexts, when the adult’s action preceding
the gaze orienting head turn was attention grabbing for the
infant, irrespective of whether this action was ostensive or not
(Szufnarowska et al., 2014; Gredebäeck et al., 2018). Moreover,
recent evidence has shown that infants between 11 and 24months
and their parents can coordinate visual attention without gaze
following, by relying on the coordination of eyes and hands

in naturalistic, complex settings (Yu and Smith, 2017). These
results suggest that it might be domain-general attention-based
mechanisms, rather than the special status of the eyes, that
explains why infants follow, and learn from, adults’ gaze. Such
domain-general accounts are also used to explain infants’ ability
at 9 months to learn from non-social cues, such as shapes, as
well as from social cues when learning about object statistics
(Barry et al., 2015). Other related theories have also proposed
that infants acquire sensitivity to eye gaze through reinforcement
learning by 9 months, without assigning a privileged status to eye
gaze (Moore et al., 1997). Finally, one study found that 9-months-
old infants learned object sequences equally well from social and
non-social cues (Barry et al., 2015).

In sum, taken together, there exists a considerable body of
literature suggesting that gaze is a highly attention-grabbing cue,
to which infants show early sensitivity. The literature reviewed
in the first part of this section presents quite convincing indirect
evidence for differential processing and learning as a result of eye
gaze cues compared to non-social attentional cues. However, the
studies presented in the second half, which directly compared
infants’ tendency to follow the adult’s gaze in ostensive and
non-ostensive conditions, provided mixed evidence about the
question of whether eye gaze is more than simply a high
attention-grabbing cue. Thus, we only tentatively conclude that
learning is especially enhanced when infants are addressed
by ostensive signals, which may support the hypothesis that
gaze cues facilitate infants’ attention, arousal, and memory
mechanisms in a way that other attentional cues do not.

GENERAL DISCUSSION

Summary of Results
Our review identified studies assessing the role of eye gaze
in infants’ language learning in four different domains: (1)
vocabulary development, (2) word–object mappings, (3) object
processing, and (4) speech processing. We then discussed
the mechanisms by which eye gaze might play a role in
infants’ learning in these domains. With regards to vocabulary
development, it appears that there is a strong association between
infants’ pre-linguistic communicative skills, such as following an
adult’s gaze direction, and their later receptive and expressive
vocabulary. We suggest that this could be a cumulative result of
enhanced processing due to eye gaze in the other domains we
discussed, namely, word–object mappings, object processing, and
speech processing. Eye gaze seems to facilitate the formation and
retention of word-object mappings, as shown by both behavioral
and neuroimaging studies, although the presence of other social
cues coinciding with eye gaze in many of the studies makes it
difficult to interpret whether the facilitation is indeed due to eye
gaze. Similarly, object processing was found to be enhanced by
eye gaze cues, although caution must be applied as, here too,
some studies did not manipulate eye gaze in isolation. Finally,
the limited evidence with regards to infants’ speech processing
suggests that infants might process speech sounds differently
when accompanied by ostensive cues, such as eye gaze and that
infants who shifted gaze learned more from the speech stream, as
indexed by their phonemic discrimination. In general, therefore,
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it seems that eye gaze can act as a powerful social cue in guiding
infants’ learning in different cognitive domains that are linked to
language development.

There are two types of eye gaze cues in communication.
The first is gaze alternation (the speaker alternates their gaze
between the listener and the object being referred to), which
invites the social partner to gaze follow. The second is simply
establishing mutual eye contact with the partner. Many of the
studies identified by our review focused on the first of these—
gaze following. Such studies treat eye gaze as a spatiotemporal
referential cue that signals the listener where to attend in
the environment, so that referent–label associations may be
formed. In that sense, the observed effects may be limited
to certain domains or tasks that require a spatial referent in
the environment, such as word–object mapping. However, it is
also possible that the observed facilitatory effects of eye gaze
reflect a general learning enhancement mechanism that is not
confined to spatiotemporal mapping driven by gaze following
but might follow the establishment of mutual eye contact. Our
review provided support for a general enhancement mechanism.
First, eye gaze in the form of gaze following seems to have a
facilitatory role only when it is preceded by mutual eye contact.
For instance, infants processed objects differently in live joint
attentional contexts with an adult as a function of whether the
adult provided eye contact or not, such that they had greater
attentional mechanisms involved in object processing when the
adult offered eye contact (Parise et al., 2008; Hoehl et al., 2014a).
Moreover, the facilitatory effects are observed in domains that do
not necessarily require spatial cues in the environment, such as
speech processing, which was enhanced when the adult spoke to
the infant in an infant-directed manner while providing mutual
eye contact (Parise et al., 2011). Taken together, we suggest that
eye gaze may have a general learning enhancing function in
infants’ (language) learning, such that the enhanced attentional
and arousal mechanisms are observed when gaze following is
accompanied by eye contact (which happens most frequently
in natural interactions), and across domains. However, as few
studies investigated the effects of eye gaze in domains other than
object processing and word–object associations, the evidence to
support our interpretation is limited.

Here, a related point that arose from our review is whether
eye gaze holds a special status in infants’ learning as a highly
specialized socio-cognitive cue that is different from other
attentional cues. Only a few studies directly assessed this
question. However, once again, taking the evidence in all domains
into consideration, the balance of evidence suggests that eye gaze
may be a special attentional cue in that it facilitates learning to an
extent that other low-level attentional cues cannot. Yet, we would
argue, a developmental approach is necessary to fully understand
the mechanisms by which children use eye gaze in learning. Our
reading of the evidence to date is that children do not start out by
treating eye gaze as an ostensive and referential cue but gradually
learn to treat it as such throughout the first 2 years of life. Young
infants have a preference for direct gaze, and for upright faces
(Farroni et al., 2002), show early specialization of cortical regions
involved in the processing of gaze cues and show mature neural
responses to such cues. However, this does not mean that eye gaze

has a special status in human ontogeny from the start. Eye gaze
could act as an attention-grabbing, albeit highly salient, cue early
in development but not yet be treated as ostensive or referential.
The development of an ostensive, referential understanding of
eye gaze, instead, seems to develop between 9 and 12 months,
as demonstrated by studies showing that infants follow gaze in
conditions that signal referential, object-directed information by
this age (Butler et al., 2000; Brooks and Meltzoff, 2002; Caron
et al., 2002; Woodward, 2003; D’Entremont and Morgan, 2006;
Johnson et al., 2007), and by neuroimaging studies showing that
infants process referential information in an adult-like way by 9
months (Senju et al., 2006). Their ability to use eye gaze for object
labeling, in an adultlike way, however, seems to come even later,
at about 24 months of age.

This interpretation is also consistent with research showing
that 8-months-old infants learned from social cues, whereas 4-
months-old learned from non-social attention-grabbing cues,
suggesting that “learning to learn” from social cues might be a
skill that develops during infancy (Wu and Kirkham, 2010), and
their sensitivity to social cues may develop gradually through
the development of attention control, memory, and information
processing networks (Yurovsky and Frank, 2017). Note, though,
that a developmental explanation would not necessarily predict
a linear developmental pattern. Multiple factors are likely to
contribute to when and how infants make use of information
provided by eye gaze cues, including the nature of the task and/or
interaction they are engaged in. For example, it may be that older
infants do not need to use eye gaze cues to solve simple object
processing tasks (Striano et al., 2006a) but might still benefit from
them in more complex settings, such as naturalistic interaction.

In fact, eye gaze as a social cue, in the form of mutual eye
contact or gaze direction, rarely occurs in isolation in natural
social–communicative contexts. Infant–adult social interactions
are rich in a number of social signals that help infants in
learning from others, and eye gaze often co-occurs with other
ostensive cues, such as infant-directed speech and pointing.
While this poses a problem for studying the role of eye gaze
in isolation in infant learning, it also provides an important
area for further research: to identify which kinds of rich
communicative settings are optimal for learning. If we also
consider recent evidence showing that infants show enhanced
sustained attentional states during joint attention episodes (Yu
et al., 2019), it will also be important to consider the role of
the infants’ endogenous attentional states within the context of
parent–infant interactions.

In sum, eye gaze, both in the form of eye contact and
gaze following, may direct and help infants in sustaining their
attention and thus learn about relevant information in the
environment. The involvement of attentional processes further
corroborates the possibility that the use of eye gaze cues might
serve infants’ learning by highlighting the information to be
attended and channeling their attentional resources. Further,
eye gaze may, over the course of the first 2 years of life,
develop into a truly ostensive, referential cue that enhances
language learning across the board. However, further work
is needed to fully understand the mechanisms behind the
observed effects.
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Limitations
In this review, we assessed the available experimental
evidence on the effects of eye gaze on infants’ learning and
attention. Therefore, a number of other domains, such as
face processing and emotion understanding were excluded
from our analyses. Although this was intentionally done, it
is important to acknowledge that infants’ emerging social
skills, such as face processing and understanding of others’
emotions and intentions have effects on their cognitive
abilities and language development, such as theory of mind
development and mental state vocabulary. Separate reviews of
these literature may throw additional light onto some of the
issues discussed here.

Furthermore, as our review focuses on eye gaze, we narrowed
our key search terms to include eye gaze or eye contact, rather
than searching for literature on joint attention and learning.
This allows us to focus on the role of gaze as intended but
means we exclude literature using composite scores that include
gaze as one of the components [e.g., studies that use the Early
Social Communication Scales (ESCS) composite scores rather
the result for the individual gaze questions]. A future review,
building on the present one, and collating information from a
range of joint attentional tasks, would be a useful addition to
the literature.

Another point is to note that the age at which infants
were tested differed substantially across different learning
domains. For example, in most of the studies on word–
referent mapping (Word–Object Mapping), infants are older
than in the studies on object processing (Object Processing).
This is not unexpected, as children are rarely tested on
their abilities to form word–object associations before 12
months and have difficulties to form these associations before
13 months (Woodward et al., 1994; Werker et al., 1998).
However, the developmental differences make it difficult to
compare the evidence across different domains, thus limiting
our ability to draw concrete conclusions about the timescale
of development.

Another important limitation is that some of the findings we
report have not yet been replicated. Relatedly, we also observed
that, for many studies, attrition posed a major challenge to the
interpretation of the findings. For instance, Parise et al. (2008)
tested 69 5-month-olds but were able to include data from
only 15 infants. Fifty-two of those infants were excluded due to
fussiness or for failing to reach a certain threshold that allowed
for an adequate averaging of the ERP data. While the authors
acknowledged this high dropout rate and argued that it was due
to the relatively high task demands of their study, such high
dropout rates are not unusual in the reviewed literature. This is a
concern for the neuroimaging evidence in particular (e.g., Senju
et al., 2006, who retained only 10/33 infants tested in the final
dataset) but also for the behavioral studies. For behavioral studies,
the dropout rates seem to differ with the numbers of participants
recruited for the study and the task requirements (e.g., compare
Cleveland et al., 2007 who retained 16/22 of the infants tested, to
Gredebäeck et al., 2018 where 94/95 of the infants were included
in the final dataset). Thus, there are questions of generalizability

to be answered; for instance, is this evidence reflective only of
a selected group of infants who seem to have better attentional
spans as well as possibly better perceptual capacities?

Future Directions
Some additional themes that emerged from our search were not
discussed in depth above because the literature was too sparse
to draw reliable conclusions. For instance, in Speech Processing,
we discussed the literature on speech processing, but the section
is small because the literature is thin, leaving many unanswered
questions.We needmore of such work, which has the potential to
address, directly, the question of whether gaze cues yield a general
processing enhancement effect.

Another issue concerns the effect of live social interaction
on language learning. Kuhl (2007) has suggested that social
interaction is crucial for language learning, such that infants
only learn to discriminate non-native phonemes in the context
of live communication, not from videotaped interactions. This
could be due to increased attention and arousal during live
interactions compared to videotaped tutoring or to live situations
being richer in social referential cues (such as eye gaze) that
promote learning (although note that these two explanations are
not mutually exclusive, since social cues might lead to enhanced
attention). While many of the studies reported here tested
language learning from audio or audiovisual stimuli presented
in laboratory settings, it is possible that learning more complex
linguistic information requires the presence of a live speaker who
can convey the referential nature of the communication.

It is not currently possible to systematically compare the
results of the studies that had a live interaction paradigm
to those using prerecorded stimuli, since such studies had
many methodological differences other than these variables,
such as age and number of infants tested. Further research is
needed to compare live interaction and classical lab studies that
can assess the importance of natural interaction in different
aspects of language learning. There has recently been a move
toward studying social interaction in a more ecologically valid
context and to consider how interpersonal communication
affects information transfer, taking bidirectional influences
between the partners into account. Recent dual-imaging work
showed that eye gaze enhanced interpersonal brain synchrony
between adult–infant pairs, in both live interaction and in
a prerecorded condition (Leong et al., 2017). This provides
possible explanations of mechanisms of how gaze functions to
create learning opportunities for young infants during social
interactions, perhaps by facilitating interpersonal synchrony
through phase-resetting oscillatory activity and thereby putting

children in a receptive state. Studying interpersonal neural
dynamics in the context of infant learning is a fruitful area for
further work.

Finally, to fully understand the socio-cognitive mechanisms

that underlie the effects of eye gaze, we need more work
directly testing whether eye gaze is interpreted as special, and
ostensive, by infants or is treated as simply another attentional
cue. Such studies must take account of the fact that there may
be developmental- and task-specific differences in how children
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react to eye gaze cues. It is probable that eye gaze serves
different purposes at different ages for infants, starting as a salient
attentional cue, and perhaps gaining a special status as infants
develop. Further developmental work is required to establish the
viability of these hypotheses.
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