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Biomédical des Saints-Pères, Paris, France

Abstract

Previous studies showed that, from birth, speech and eye gaze are two important cues in guiding early face processing and
social cognition. These studies tested the role of each cue independently; however, infants normally perceive speech and
eye gaze together. Using a familiarization-test procedure, we first familiarized newborn infants (n = 24) with videos of
unfamiliar talking faces with either direct gaze or averted gaze. Newborns were then tested with photographs of the
previously seen face and of a new one. The newborns looked longer at the face that previously talked to them, but only in
the direct gaze condition. These results highlight the importance of both speech and eye gaze as socio-communicative cues
by which infants identify others. They suggest that gaze and infant-directed speech, experienced together, are powerful
cues for the development of early social skills.
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Introduction

From birth and throughout life, human beings live in a highly

social world and interact almost constantly with each other.

Therefore, abilities to perceive and understand social partners and

their signals are important aspects of a successful social life. Among

the visual stimuli encountered from birth, faces are special as they

convey most of the information needed to identify and understand

others. When looking at someone’s face, a lot can be learned about

his or her identity, gender, intentions and emotional states [1], [2],

[3], [4]. Moreover, the ability to identify others is a crucial

prerequisite for learning about social groups [5], [6]. How does

this ability develop from birth, and do the socio-communicative

cues conveyed by faces play a role in this process? The present

study investigated these questions and tested newborns’ ability to

identify others in interactive situations, in accord with two

powerful social cues: speech and gaze.

Previous developmental studies showed that 3-month-old

infants identify others and establish social preferences based on

visual cues to gender [7], [8], age [9] and race [10], [11], [12].

Other cues conveyed by faces may also play a role in this process.

Two socio-communicative cues seem particularly salient: speech

and eye gaze. A line of developmental research showed that soon

after birth, and throughout early infancy, young infants prefer

listening to infant-directed speech over adult-directed speech [13],

[14], [15]. Infant-directed speech is linguistically simplified and

characterized by high pitch and exaggerated intonation. Infants

also prefer listening to their native language rather than to a

foreign language and can also discriminate among different

languages based on precise elements such as rhythmic or

phonological cues [16], [17], [18], [19], [20], [21]. What about

the role of language in guiding young infants’ identification of

others? Using a visual preference procedure, a previous research

[22] showed that American infants as young as 6-month-old

looked longer at the video of a woman who previously talked to

them in their native language with a native accent, than at a

woman who previously spoke in a foreign language (i.e., Spanish).

These results suggest that spoken language is a powerful social cue

already used by young infants to identify others as potential social

partners.

From birth, newborn infants are able to recognize familiar and

unfamiliar faces. In studies with presentation of the familiar face

(i.e., the mother), newborns systematically prefer looking at their

static mother’s face as opposed to a stranger one [23], [24], [25],

[26], [27]. In studies with unfamiliar faces, newborn infants elicit a

novelty preference at test [28], [29], [30] and are able to recognize

faces despite changes in viewpoint [31]. The disparity of results

between studies with familiar and unfamiliar faces could be

explained by the fact that unfamiliar faces are always presented

static or in sequential rigid motion [32] whereas in studies with the

mother, face-to-face interactions have occurred previously to the

test session. During these face-to-face interactions, speech

component is an important cue which could modulate face

processing. This possibility has been tested in two different

experiments. Using a combined preferential looking and head turn

procedure, Sai’s study [33] observed the importance of previous

verbal interactions in guiding newborns’ identification of their

mother’s face. For half of the newborns, their mothers were

encouraged to talk to them from birth, while for the other half,

mothers were asked not to interact with them verbally. In the test

session, seven hours later, all newborns were presented with their

mother and another woman side by side. Newborns looked longer
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at and oriented more to their mother only if she had previously

talked to them. Given that foetuses hear their mother’s voice and

prefer it at birth [34], [35], it is possible that the newborn infants

who received verbal interactions were reinforced, and that this

reinforcement led to a preference for someone who has been

identified as an important social partner. But do gaze and speech

also aid infants in identifying other individuals? From birth,

newborns encounter many different faces talking to them, so the

importance of verbal interactions in face recognition at birth could

extend to other faces than the mother’s. To test this hypothesis, an

experiment has recently presented newborn infants with a

familiarization-test procedure with video films of unfamiliar

women’ faces [36]. Newborns were recruited from a maternity

hospital where the majority of the families came from different

ethnic origins and spoke different languages. Half of them were

familiarized with a woman’s face talking to them (Experiment 1),

and the other half with a woman’s face with lips movements but no

speech sounds (Experiment 2). In the test phase, photographs of

the familiar face and a new one were shown. Newborns looked

longer at the familiar face only in the speech condition. Soon after

birth therefore, newborns recognize and show a preference for

someone who previously interacted with them verbally. These

results suggest that very young infants, tested in naturalistic

situations, show preferences for people who have interacted with

them [37].

During verbal interaction, another important cue could play a

role in guiding newborns’ identification of potential social

partners: eye gaze. The eye region is an important source of

information in social interactions for many different vertebrate

species from reptiles to mammals [38]. In humans, contrary to

other species, direct gaze sometimes constitutes a positive social

signal engaging its target in a social interaction [38]. The social

functions of human eye gaze are diverse, including following of

someone’s gaze to significant objects [39], [40], gathering feedback

on the others’ reactions and regulating turn-taking in conversation

[41], [42], expressing intimacy [43], [44], and inferring mental

states [1]. The direction of gaze can also influence our

identification, categorization and judgment of others [45]. A

behavioral study showed that perceived eye gaze modulates

performance in face recognition both at the encoding and retrieval

levels, with better performance when facing someone with direct

gaze, both in adults and children [46]. The same finding has been

observed at 4-months [47]: when presented with photographs of

faces, infants were able to recognize a previously seen woman’s

face, by eliciting a novelty preference, only if the face was first seen

with direct rather than averted gaze. These experiments tested the

role of eye gaze in face recognition using static faces, whereas in

everyday interactions, faces are never seen static: faces talk, laugh,

and move. In these more complex situations, other cues such as

speech seem to modulate attention to the eye region which may

influence face processing. For example, 9-weeks-old infants fixate

more an adult’s eye region when she is talking to them than when

she is looking at them silently [48]. In other words, in face-to-face

interactions, eye gaze may not provide with sufficient information

to process someone’s identity.

Newborn infants are already sensitive to the gaze of others and

prefer looking at the photograph of a face with eyes open versus

closed [49]. They also prefer looking at a photograph of a face

with direct versus averted gaze [50]. These results are consistent

with the hypothesis of an innate module devoted to gaze

processing [1], [51]. However, these experiments focused only

on newborns’ sensitivity to the eye region and more precisely to

direct gaze using still photographs of faces. The role of direct gaze

in face recognition at birth, using interactive situations, has not

been tested so far. Nonetheless, it seems that in interactive

situations, such as those presented in Coulon et al.’s study [36],

direct gaze alone (without verbal interaction) is not a sufficient cue

in guiding newborns’ identification of previously unfamiliar faces:

newborns prefer looking at a woman who previously looked at

them and interacted with them verbally, but not a woman who

looked at them without speaking. So, speech is an important cue in

face recognition at birth. These findings raise a critical question:

are speech and direct gaze together necessary for the recognition

of unfamiliar faces by newborns, or alternatively, is speech the only

effective social cue for newborn infants tested in social situations?

The present study addressed this question by testing the role of

perceived eye gaze in guiding newborns’ identification of talking

faces.

Methods

Participants
Participants were 24 full-term newborns (14 males) from the

maternity hospital of Bichat in Paris. All newborns were in good

health (APGAR scores above 9). The mean age was 50.5 hours

(range: 14 hours to 127 hours). Only healthy newborns whose

mothers had no major complications during pregnancy were

included in the study. An additional 10 newborns were excluded

from the original sample because of fussiness (n = 4), sleepiness

(n = 4) or procedural errors (n = 2). The reject decision was

decided by the two experimenters. For 13 newborns, parents spoke

a language other than French at home.

Apparatus
Newborns were observed in a quiet room accompanied by one

or both parents. Before testing, we systematically ensured that

parents and medical staff gave their agreement. Each newborn was

positioned in a semi-upright position (30u) in an adapted rigid seat

placed on a table facing a 19-inch DELL colour monitor, 35 cm

away from the infant’s eyes. Two speakers were placed on each

side of the monitor. One experimenter (Experimenter 1) stood

behind the newborn during the whole session to monitor for

potential signs of discomfort. A small video camera was directed at

the newborn, recorded the whole experiment (the temporal

resolution was 25 images/s), and displayed the images on two

video monitors. One monitor allowed a second experimenter

(Experimenter 2) to code the duration of looking. The other

allowed the parents to see their baby. The parents sat behind and

far from the baby, so that the infant could not see them. Parents

were instructed to not intervene (speak or come near their baby)

during the experiment.

Stimuli
For the familiarization phase, six different colour video clips of

two female faces were recorded. Female faces were used because

they are thought to be more attractive than males for young

infants and this may maximise attention to the faces during the

experiment [7], [8]. These videos were recorded under the same

lighting conditions (mean: 16 cd/m2) with the same white

background in a soundproof room as in Coulon et al. ’s study

[36]. The two women differed in terms of hair colour and style:

short brown hair (brown-haired face) versus long blond hair

(blonde face). We chose two different females’ faces so that by

counterbalancing their presentation across subjects we ensured

that results found were not due to physical characteristics of the

stimuli. They both previously learned the same text and while

video recorded, each woman addressed to the camera in an infant

directed speech style with direct or averted gaze (videos can be
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obtained from the authors on request). In the averted gaze

condition, faces were either looking to the right or to the left. Each

of the six videos lasted for 80 s. Sound intensities at the speakers in

the testing room were identical for all stimuli (mean: 65 dB). For

the test phase, the last frame of each familiarization video clip was

presented without motion. So, there were three images of the

brown-haired face: one with direct gaze, one with right averted

gaze, and one with left averted gaze, and same for the blonde face.

All facial images in the familiarization and in the test phases were

presented at life size (see Figure 1). Each image subtended a visual

angle of 40.9636.1u and the external contour of one eye was

approximately 3.366.5u.

Procedure
The experiment began as the infant was seated. The

familiarization-test procedure was the same as in Coulon et al. ’s

experiments [36]. Half of the newborns (n = 12) were tested with

the direct gaze condition (i.e., faces presented with direct gaze in

the familiarization and in the test phases) and the other half with

the averted gaze condition. Moreover, in the averted gaze

condition, half of the newborns were presented with right averted

gaze and the other half with left averted gaze. The same procedure

was applied to all conditions. Newborns were first familiarized

with one of the two females’ faces talking for 0 s continuously.

Half of the newborns were familiarized with the brown-haired face

and the other half with the blonde face. Immediately after the

familiarization phase, the test phase began. In each of two blocks

of test trials, the newborn saw the photograph of the familiar face

(i.e., F) and the photograph of the new one (i.e., N) alternatively.

Half of the newborns therefore saw the two faces in each order (i.e.

FNFN vs. NFNF). A computer program randomly determined

which of the four conditions was presented to each of the

participants: Familiarization (brown-haired face or blonde face)

and Test (FNFN or NFNF).

During the familiarization phase, Experimenter 2, unaware of

the face presented, pressed and held a key button on a computer

keyboard when the infant looked at the screen and released it

when the infant looked away. The computer program recorded

the accumulated looking times. During the test phase, Experi-

menter 2 proceeded in the same way, but when newborns looked

away from the screen for more than two seconds, the computer

program automatically switched to the next face. A switch also

occurred after the newborns had looked at the face for 60 s

continuously (i.e., maximum length of each video in the test

phase). The computer program also required a minimum of 2

seconds looking time at the screen. Looking times were verified a

posteriori from the video recordings by Experimenter 1, blind to the

experimental conditions. Inter-observer reliability throughout the

experiment was high (Pearson’s r = 0.90, p,.01).

Results

Familiarization phase
The looking behaviour toward the faces was recorded for each

infant as the dependent measure and total looking times were

calculated across the two conditions. We tested whether the

newborns’ attention remained constant during the familiarization

phase by comparing the duration of newborns’ fixations across the

Figure 1. Illustration of the stimuli used in the Experiment: brown and blonde-haired faces with direct or averted gaze.
doi:10.1371/journal.pone.0018610.g001
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familiarization phase. Newborns looked at the talking faces shown

in videos for an equal amount of time, in average, in both

conditions (direct gaze: 68.3 s SE = 2.38; averted gaze: 68.1 s

SE = 2.62; t-test, p..10). In the averted gaze condition, there was

no significant difference of mean looking times between right and

left averted gaze (right: 62.1 s SE = 3.48; left: 74.1 s SE = 1.96; t-

test, p..10). Although half of the newborns were familiarized with

the brown-haired face and the other half with the blonde face,

there was no significant difference in mean looking times between

the two faces (brown-haired-face: 65.6 s SE = 2.64; blonde face:

70.8 s SE = 2.09; t-test, p..10). There was no significant difference

of mean looking time during the familiarization phase between

newborn infants whom parents spoke a language other than

French at home and newborn infants whom parents spoke only

French, in the direct gaze condition (other languages: 69.9 s

SE = 4.1; French: 67.2 s SE = 3; t-test, p..10) and in the averted

gaze condition (other languages: 69.5 s SE = 2.6; French: 65.3 s

SE = 6; t-test, p..10).

Test phase
During the test phase, mean looking times to the familiar and to

the new faces were analyzed in both conditions (see Figure 2). In the

direct gaze condition, 10 out of 12 newborns looked longer at the

familiar face. Infants looked significantly longer at the familiar face

than at the new one (familiar: 41.4 s SE = 5.87; new: 27.4 s

SE = 5.53; t-test t(1, 11) = 2.4, p,.01). In the averted gaze condition, 4

out of 12 newborns looked longer at the familiar face. There was no

significant difference in mean looking times between the familiar

(21.6 s SE = 3.90) and the new face (25.4 s SE = 5.95;

t-test t(1, 11) = 21.1, p..10). There was also no significant difference

of mean looking time at the familiar and new faces between newborn

infants whom parents spoke a language other than French and those

whom parents spoke only French, in the direct gaze condition (other

languages: familiar = 49.5 s SE = 11.4, new = 31.1 s SE = 11.3;

French: familiar = 35.6 s SE = 6.2, new = 24.8 SE = 5.6; t-test,

p..10) and in the averted gaze condition (other languages: familiar

= 23.7 s SE = 5.7, new = 30.5 s SE = 8.1; French: familiar = 17.4

SE = 2.3, new = 15.25 SE = 5.5; t-test, p..10).

As a previous ANOVA revealed no effect of the order of

presentation in each test block: FN or NF, or of the side of averted

gaze: right or left, these factors were not taken into account in the

final ANOVA. A 2 (Condition: direct or averted gaze) x 2

(Familiarization face: brown-haired or blonde face) X 2 (Block of

presentation: 1 and 2) X 2 (Test: brown-haired or blonde face)

ANOVA was performed on looking times with the two last factors

within subjects. The ANOVA revealed a significant interaction

between Condition, Familiarization face and Test (F(1, 20) = 6.18;

p,.02). This interaction confirmed that newborns spent more time

looking at the familiar than at the new face, only in the direct gaze

condition. No other effect or interaction was significant.

In short, newborns preferred looking at the woman’s face that

talked to and looked at them simultaneously during the

familiarization phase.

Discussion

The present study aimed at investigating the role of both speech

and eye gaze in identifying others at the start of postnatal life.

Previous research showed that newborns recognize familiar and

unfamiliar persons when these persons had previously interacted

verbally with them [33], [36]. Other studies showed that eye gaze

is another important social cue that guides newborns’ face

preference when presented with photographs of unfamiliar faces

[49],[50]. By presenting faces in interactive situations, we studied

the roles of both cues in guiding newborns’ identification of others.

The present findings provide evidence that newborns recognize

someone who previously talked to them only if this person looked

at them directly, and not if their gaze is averted. Using different

unfamiliar faces, our findings confirm and extend those already

observed in Coulon et al. ’s study [36]. In a general manner,

newborns recognize and prefer looking at someone who has

engaged them in a social interaction by talking to and looking at

them simultaneously.

Our findings accord with those of the only research in the

domain [47] but with younger infants: eye gaze modulates face

recognition not only at 4 months but also soon after birth. This

Figure 2. Mean looking time (in seconds) during the test phase at the familiar and at the new faces in both conditions. Error bars
represent the standard errors (SE).
doi:10.1371/journal.pone.0018610.g002
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finding is consistent with the hypothesis of an innate module

devoted to gaze processing that orients infants to this rich source of

social information [1], [51], [52]. When considering research on

newborns’ sensitivity to eye gaze in face processing, including the

present study, different patterns of results appear depending on the

nature of the stimuli presented. This disparity of results suggests

that the value of the social signal conveyed by the eyes may vary

according to the situations presented. In non interactive situations,

such as with static images, newborn infants are able to recognize a

face presented at different orientation in the familiarization/

habituation and in the test phases (full face to L profile or L
profile to full face, but not with profile poses) [31]. In the case of L
profiles, eye gaze is averted and newborns are still able to

recognize the face. This is partly explained by the fact that static

L profile presentations of a face promote face recognition of

unfamiliar faces by providing with more structural information

than full face presentations [53]. Moreover, the social meaning of

averted gaze in L profile poses is not the same as in full face. In

more complex situations, in face-to-face verbal interactions for

example, it is already expected by infants that the person will look

at his/her social partner [54] whereas facing someone in L profile

will suggest that this person addresses to someone else. Results of

the present study are obtained in the context of a face-to-face

verbal situation which is more complex than in studies with static

faces. Therefore, in this situation, the speech component may

drive newborns’ attention to the face. Newborn infants’ recogni-

tion of someone talking to them with averted gaze could be more

difficult than processing of static faces with averted gaze as

someone talking to them while looking somewhere else is

perceived as an incongruent situation. In other words, newborn

infants would process faces differently according to the situations

presented and would be already sensitive to social congruencies.

Moreover, the idea that, at birth, presentation of faces in more

complex settings than in previous studies leads to different results’

patterns is supported by results of a recent study [32]. In this study,

the authors presented to newborns a face displaying a sequential

motion of the all head from the left L profile to the right L
profile. Then, in the test phase, static profile images of the

previously seen face and of a new one were presented

simultaneously. In spite of the fact that newborns are unable to

recognize a static image of a face from L profile or full face to

profile, and vice et versa [31], habituation with more complex

stimuli (i.e., faces in sequential rigid motion) enable newborns’

recognition of the previously seen face even with profile poses

presentations at test.

In static presentations of faces, direct gaze seems sufficient to

guide newborns’ face processing as it is the main source of social

information. When presenting photographs of faces, newborns

clearly prefer looking at faces with direct gaze [49],[50] whereas in

interactive situations, for example in front of silent or talking

moving faces, newborns exhibit a preference only for a face that

has interacted with them verbally [36]. In this case, direct gaze

alone is not a sufficient cue for newborns’ identification of others in

the absence of speech. It is only around 3 months of age that this

cue will be understood by infants with a different meaning such as

indicating the presence of objects [55]. In this context, infants will

develop gaze following in response to others’ gaze, and interacting

with others can be considered as being still the main motive of this

behaviour [56].

In the other hand, the present findings show that the presence

of infant-directed speech is necessary but not sufficient:

simultaneous direct gaze is required as well. In daily situations,

newborns see various unfamiliar faces, moving and/or talking. It

is possible that according to the situation, newborns have

different expectations that need more specific cues to identify

others as potential social partners. Speech and direct gaze seem

particularly useful in this process. This finding accords with the

hypothesis of a core system for representing potential social

partners as suggested by some authors [5], [6]. Such system

would orient infants from birth toward persons identified as

interesting social partners and would help in the construction of

social bonds. However, in contrast to their studies, no effect of the

maternal language was found in our experiment. Newborns were

sensitive to someone who interacted with them verbally per se no

matter if the person spoke a different language from the one

heard in the family. This finding suggests that at birth, infants

have a bias for speech in its socio-communicative dimension, as

do other species [57]. Perhaps, later in the middle of the year

after birth, infants’ social preferences start being clearly

influenced by their social environment. In this process, their

native language becomes a major cue in establishing social

categorizations and preferences as revealed by a previous study in

6-month-old infants [22]. However, it is also plausible that native

language is a major cue at birth. To disentangle between these

two hypotheses, the same experiment as that with 6-month-olds

[22] should be realized at birth.

Taking together the present findings and those of previous

research on the role of socio-communicative cues in guiding

infants’ identification of others, a developmental line can be

drawn. At birth and also at 1 month, situations of interaction and

more precisely of verbal interaction are necessary in guiding young

infants’ identification of familiar [33], [37] and unfamiliar persons

[36]. In these situations, direct gaze is important and modulates

newborns’ identification of the person who talked to them. At 3

and 5 months, such situations of verbal interactions are not strictly

necessary in guiding infants’ identification of their mother’s face as

they are able to recognize her even if she is seen with static lips

associated speech sounds [37].

In sum, the present findings suggest that at birth, infants are

already able to identify others by means of two socially meaningful

cues, and that interactive situations are privileged in eliciting

preferences for potential social partners. To understand more

precisely the mechanisms underlying the construction of early

social interactions and to confirm the possible existence of a system

dedicated to representations of potential partners from birth,

further investigations are needed. For example, still in the situation

of verbal interactions, the importance of other cues could be

investigated such as speech prosody, known to have particular

characteristics in infant directed speech and which function is

highly social as it may drive language acquisition [58], [59].
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Bichat and the parents. We thank Julien Blais for custom programming.

We also thank Justine Malletroit, Sandrine Tripon and Louise Goyet for

technical support, as well as Pr. Mahieu-Caputo, Laetitia de Lorgeril, and

the nursing staff at the Bichat Maternity in Paris for their collaboration.

Author Contributions

Conceived and designed the experiments: BG AS. Performed the

experiments: BG AS. Analyzed the data: BG AS. Contributed reagents/

materials/analysis tools: BG AS. Wrote the paper: BG AS.

Newborns Prefer a Talking Face with Direct Gaze

PLoS ONE | www.plosone.org 5 April 2011 | Volume 6 | Issue 4 | e18610



References

1. Baron-Cohen S (1995) Mindblindness: An essay on autism and theory of mind.

Boston: MIT press/Bradford Books. 208 p.
2. Bruce V, Young A (1998) In the Eye of the Beholder: The Science of Face

Perception. Oxford: Oxford University Press. 280 p.
3. Bruce V, Young A (1986) Understanding face recognition. British Journal of

Psychology 77: 305–327.
4. Ekman P (1992) Facial expression of emotion: New findings, new questions.

Psychological Science 3: 34–3.

5. Kinzler KD, Spelke ES (2007) Core systems in human cognition. Progress in
Brain Research 164: 257–264.

6. Spelke ES, Kinzler KD (2007) Core knowledge. Developmental Science 10:
89–96.

7. Quinn PC, Yahr J, Kuhn A (2002) Representation of the gender of human faces

by infants: a preference for female. Perception 31: 1109–1121.
8. Quinn PC, Conforto A, Lee K, O’Toole AJ, Pascalis O, et al. (2010) Infant

preference for women’ faces extends to girl prototype faces. Infant Behavior and
Development 33: 357–360.

9. Sanefuji W, Ohgami H, Hashiya K (2006) Preference for peers in infancy. Infant

Behavior and Development 29: 584–593.
10. Bar-Haim Y, Ziv T, Lamy D, Hodes RM (2006) Nature and nurture in own-

race face processing. Psychological Science 17: 159–163.
11. Kelly DJ, Quinn PC, Slater AM, Lee K, Gibson A, et al. (2005) Three-month-

olds, but not newborns, prefer own-race faces. Developmental Science 8: 31–36.
12. Quinn PC, Uttley K, Lee K, Gibson A, Smith M, et al. (2008) Infant preference

for female faces occurs for same- but not other-race faces. Journal of

Neuropsychology 2: 15–26.
13. Fernald A (1985) Four-month-old infants prefer to listen to motherese. Infant

Behavior and Development 8: 181–195.
14. Panneton-Cooper RP, Aslin RN (1990) Preference for infant-directed speech in

the first month after birth. Child Development 61: 1584–1595.

15. Pegg JE, Werker JF, McLeod PJ (1992) Preference for infant-directed speech
over adult-directed speech: evidence from 7-week-old infants. Infant Behavior

and Development 15: 325–345.
16. Best CT, Tyler MD, Gooding TN, Orlando CB, Quann CA (2009)

Development of phonological constancy. Toddlers’ perception of Native- and
Jamaican-Accented words. Psychological Science 20: 539–542.

17. Bosch L, Sebastián -Gallés N (1997) Native-language recognition abilities in 4-

month-old infants from monolingual and bilingual environments. Cognition 65:
33–69.

18. Kuhl PK, Stevens E, Hayashi A, Deguchi T, Kiritani S, et al. (2006) Infants
show a facilitation effect for native language phonetic perception between 6 and

12 months. Developmental Science 9: 13–21.

19. Mehler J, Jusczyk P, Lambertz G, Halstead N, Bertoncini J, et al. (1988) A
precursor of language acquisition in young infants. Cognition 29: 143–178.

20. Nazzi T, Bertoncini J, Mehler J (1998) Language discrimination by newborns:
toward an understanding of the role of rhythm. Journal of Experimental

Psychology: Human Perception and Performance 24: 756–766.
21. Weikum WM, Vouloumanos A, Navarra J, Soto-Faraco, S, Sebastián-Gallés N,

et al. (2007) Visual language discrimination in infancy. Science 316: 1159.

22. Kinzler KD, Dupoux E, Spelke ES (2007) The native language of social
cognition. Proc Natl Acad Sci U S A 104: 12577–12580.

23. Bushnell IWR, Sai F, Mullin JT (1989) Neonatal recognition of the mother’s
face. British Journal of Developmental Psychology 7: 3–15.

24. Field TM, Cohen D, Garcia R, Greenberg R (1984) Mother-stranger face

discrimination by the newborn. Infant Behavior and Development 7: 19–25.
25. Pascalis O, de Schonen S (1994) Recognition memory in 3-4 day-old human

infants. Neuroreport 5: 1721–1724.
26. Pascalis O, de Schonen S, Morton J, Deruelle C, Fabre-Grenet M (1995)

Mother’s face recognition by neonates: a replication and an extension. Infant

Behavior and Development 18: 79–85.
27. Walton GE, Bower NJA, Bower TGR (1992) Recognition of familiar faces by

newborns. Infant Behavior and Development 15: 265–269.
28. Gava L, Valenza E, Turati C, de Schonen S (2008) Effect of partial occlusion on

newborns’ face preference and recognition. Developmental Science 11:
563–574.

29. De Heering A, Turati C, Rossion B, Bulf H, Goffaux V, et al. (2008) Newborns’

face recognition is based on spatial frequencies below 0.5 cycles per degree.
Cognition 106: 444–454.

30. Turati C, Cassia VM, Simion F, Leo I (2006) Newborns’ face recognition: role of

inner and outer facial features. Child Development 77: 297–311.

31. Turati C, Bulf H, Simion F (2008) Newborns’ face recognition over changes in

viewpoint. Cognition 106: 1300–1321.

32. Bulf H, Turati C (2010) The role of rigid motion in newborns’ face recognition.

Visual Cognition 18: 504–512.

33. Sai FZ (2005) The role of the mother’s voice in developing mother’s face

preference: evidence for intermodal perception at birth. Infant and Child

Development 14: 29–50.

34. De Casper AJ, Spence MJ (1986) Prenatal maternal speech influences newborns’

perception of speech sounds. Infant Behavior & Development 9: 133–150.

35. De Casper AJ, Lecanuet JP, Busnel MC, Granier-Deferre C, Maugeais R (1994)

Fetal reactions to recurrent maternal speech. Infant Behavior and Development

17: 159–164.

36. Coulon M, Guellai B Streri A Recognition of unfamiliar talking faces at birth.

International Journal of Behavioral Development. In press.

37. Burnham D (1993) Visual recognition of mother by young infants – facilitation

by speech. Perception 22: 1133–1153.

38. Emery NJ (2000) The eyes have it: neuroethology, function, and evolution of

social gaze. Neuroscience and Behavioral Reviews 24: 581–604.

39. Driver J, Davis G, Ricciardelli P, Kidd P, Maxwell E, et al. (1999) Gaze

perception triggers reflexive visuospatial orienting. Visual Cognition 6: 509–540.

40. Frisen CK, Kingstone A (1998) The eyes have it! Reflexive orienting is triggered

by nonpredictive gaze. Psychonomic Bulletin Reviews 5: 490–495.

41. Argyle M, Dean J (1965) Eye-contact, distance and affiliation. Sociometry 28:

289–304.

42. Argyle M, Cook M (1976) Gaze and mutual gaze. Cambridge: Cambridge

University Press. 210 p.

43. Kleinke CL (1986) Gaze and eye contact: A research review. Psychological

Bulletin 100: 78–100.

44. Langton SRH, Watt RJ, Bruce V (2000) Do the eyes have it? Cues to the

direction of social attention. Trends in Cognitive Sciences 4: 50–59.

45. George N, Conty L (2008) Facing the gaze of others. Clinical Neurophysiology

38: 197–207.

46. Hood BM, Macre CN, Cole-Davies V, Dias M (2003) Eye remember you: The

effects of gaze direction on face recognition in children and adults.

Developmental Science 6: 67–71.

47. Farroni T, Massaccesi S, Menon E, Johnson MH (2007) Direct gaze modulates

face recognition in young infants. Cognition 102: 396–404.

48. Haith MM, Bergman T, Moore MJ (1977) Eye contact and face scanning in

early infancy. Science 198: 853–855.

49. Batki A, Baron-Cohen S, Wheelwright S, Connellan J, Ahluwalia J (2000) Is

there an innate gaze module? Evidence from human neonates. Infant Behavior

and Development 23: 223–229.

50. Farroni T, Csibra G, Simion F, Johnson MH (2002) Eye contact detection in

humans from birth. Proc Natl Acad Sci U S A 99: 9602–9605.

51. Baron-Cohen, S (1994) How to build a baby that can read minds: Cognitive

mechanisms in mindreading. Current Psychology of Cognition 13: 513–552.

52. Gliga T, Csibra G (2007) Seeing the face trough the eyes: a developmental

perspective on face expertise. Progress in Brain Research 164: 323–336.

53. Bruce V, Valentine T, Baddeley B (1987) The basis of the L view advantage in

face recognition. Applied cognitive psychology 1: 109–120.

54. Beier JS, Spelke ES Infants’ developing understanding of social gaze. Child

Development. In press.

55. Hood BM, Willen JD, Driver J (1998) Adult’s eyes trigger shifts of visual

attention in human infants. Psychological Science 9: 131–134.
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