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Abstract

The ability to discriminate between different facial expressions is fundamental since the first
stages of postnatal life. The aim of this study is to investigate whether 2-days-old newborns
are capable to discriminate facial expressions of emotions as they naturally take place in
everyday interactions, that is in motion. When two dynamic displays depicting a happy and a
disgusted facial expression were simultaneously presented (i.e., visual preference para-
digm), newborns did not manifest any visual preference (Experiment 1). Nonetheless, after
being habituated to a happy or disgusted dynamic emotional expression (i.e., habituation
paradigm), newborns successfully discriminated between the two (Experiment 2). These
results indicate that at birth newborns are sensitive to dynamic faces expressing emotions.

Introduction

We are born with a natural propensity to communicate our internal states through facial
expressions: we wrinkle our nose and elevate the upper lip when we experience disgust while
raising the corners of the mouth is a visible evidence of joy. Complex facial movements begin
to develop already within the confines of the womb [1, 2]. By performing these facial move-
ments the fetus provides himself with crucial motor experience for the subsequent emergence
of a number of vital functions essential after birth, like breast feeding and vocalizing [3, 4].
Recent studies have also demonstrated that fetuses display facial muscle configurations that
can be associated to the expression of distress and positive states and may thus be considered
important components for the early interactions with the social world once the baby is born
[1]. Indeed, fresh from birth newborns are capable to express internal states like distress and
disgust [5], thus being able to communicate and send signals to their parents from the very
first stages of their life. Closely tied to the production of facial expressions is the ability to visu-
ally discriminate between them. To date, little has been done to investigate this ability at birth.
Only a few studies have investigated newborns’ sensitivity to emotional facial expressions
[6,7,8,9]. Field and colleagues (1982, 1983) have shown that at birth newborns seem to be
able to imitate emotional facial expressions like surprise, happiness, or sadness posed by a live
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model. So far, this result still remains controversial as a further attempt to replicate this finding
yielded to contrasting results [10]. More recently, a couple of studies [8, 9] have explored new-
borns’ early ability to distinguish between different static emotional facial expressions through
the visual preference and the habituation paradigms. Results from the study of Farroni and col-
leagues (2007) have shown that when newborns were presented simultaneously with photo-
graphs of a happy and a fearful facial expression, they preferred to look at the happy face.
Conversely, newborns didn’t show any preference and didn’t even discriminate when the fear-
ful face was compared to a neutral one. With the aim to extend these results, a subsequent
study [9] has shown that when facial expressions (neutral, happy or fearful) and gaze direction
(averted or directed) were combined, newborns manifested a visual preference only when
happy and neutral faces with directed gaze were compared, looking longer toward the happy
face [9]. The authors suggested that during the very first days of postnatal life newborns are
mostly exposed to smiling faces with directed gaze and this facial expression is crucial to pro-
mote social interactions [9]. This is in line with evidence demonstrating that early in life
infants are more attracted by smiling faces [11], and are facilitated in the recognition of face
identity when faces display a happy emotional expression [12, 13]. However, both of these
studies [8, 9] used as stimuli static photographs in which the perceptual differences between
the two facial expressions were very pronounced. Therefore, it could be possible to speculate
that newborns were responding to low-level perceptual features present only in the happy face
(i.e. the broad toothy smile). Indeed, positive results were found only within visual preference
tasks, which are particularly affected by the presence of salient perceptual features early in life
[14]. Also Kestenbaum and Nelson (1990) showed that when a salient feature like a toothy
smile was available, discriminative abilities of emotional facial expressions were driven by this
perceptual attribute even at 7 months of age [15].

Most importantly, much of the current knowledge about visual processing of facial expres-
sions in infancy as well as in adulthood comes from studies that have used static stimuli. But,
during our daily interactions, especially in our first days of life, we mainly encounter facial
expressions that unfold over time. In the last decades many researchers started to comprehend
the importance of studying facial expressions in the way they naturally take place in everyday
life (i.e. dynamic) [16] and this shift of attention from static to dynamic stimuli led to a num-
ber of relevant findings. First of all, there is evidence that static and moving faces are processed
differently: both adults [17] and infants [18, 19, 20] scan dynamic and static faces in a different
way. Further, dynamic displays of facial expressions activate in adults different brain areas
compared to still pictures [21, 22]. Interestingly, dynamic displays improve adults’ accuracy in
emotion recognition tasks especially when visual information is limited and degraded [23, 24].
This finding suggests that also newborns, whose visual system in the first few days of life is
very immature and characterized by a poor spatial resolution and contrast sensitivity [25],
could benefit from the information coming from facial dynamics when perceiving emotional
expressions. Facilitative effects of motion related information can be found already at birth.
For example, newborns can perceive illusory contours [26] and discriminate between possible
and impossible hand movements [27] only when dynamic information is available. In addi-
tion, Bulf and Turati (2010) have shown that newborns successfully use information coming
from rigid head movements to recognize a face identity posed in a novel viewing perspective
[28]. In line with these results, Leo and colleagues (2017) have also recently found facilitatory
effects of semi-rigid movement associated with facial expressions in identity recognition at
birth [29]. In contrast, a couple of findings with newborns have shown that face movements
alone (i.e. talking) don’t favour face recognition [30, 31]. These contrasting results could be
explained by the nature of the different type of stimuli employed (e.g. rigid head movements as
in Turati et al., 2010, movements associated to emotional expressions as in Leo et al., 2017
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versus talking motions as in Coulon et al., 2011 and Guellai et al.2011) which could have differ-
ent influences on face recognition.

To sum up, so far there’s little evidence concerning newborns’ ability to discriminate others’
emotional expressions. Moreover, the few studies that have directly explored this ability in
newborns have used exclusively static face pictures [8, 9]. At birth, newborns possess relatively
little visual experience and what they actually see in their first days of life are dynamic facial
expression and not static faces. To date, it still remains unknown whether at birth newborns
are sensitive to others’ dynamic facial movements that express emotions. When we express an
emotion, a combination of internal features of our face (i.e. eyes, nose, cheeks, mouth) dynam-
ically change configuration over time. Each emotion is the result of a particular combination
of these internal features. Are newborn infants able to detect the morphological changes that
take place during the unfolding of a facial expression? Are they able to discriminate between
different emotional dynamic expressions and do they already possess spontaneous visual pref-
erences for a dynamic facial expression over the others?

Here we explore whether 2-day-old newborns are sensitive to facial movements expressing
happiness and disgust using a visual preference (Experiment 1) and a habituation task (Experi-
ment 2) to test respectively newborns’ spontaneous visual preferences and discriminative abili-
ties. The happy and disgusted expressions are conveyed by information coming from a
combination of movements in different facial regions (i.e. eyes, mouth) which are comparable
in saliency (i.e. narrowing of the eyes, opening of the mouth). As a result, in order to discrimi-
nate between these facial emotional expressions, newborns cannot rely on highly salient facial
features (i.e. eyes wide open, visible teeth), as they considerably and dynamically vary in both
the happy and the disgusted facial expression. Rather, newborns’ ability to discriminate
between the happy and disgusted dynamic facial expression can only rely on the information
coming from the face movements related to the two emotional facial expressions.

Experiment 1

In this first study we used a visual preference task to explore whether newborns can manifest a
visual preference when presented simultaneously with two different dynamic displays depict-
ing a smiling face and a disgusted one. We expect them to show a visual preference for the
smiling face, as shown by previous studies with newborn and older infants [8, 9, 32].

Participants

Eighteen healthy full-term Caucasian newborns (9 girls; mean age: 44 h, range: 21-83, mean
birth weight: 3328 g, Apgar score: at least 8 after 5 minutes from birth) recruited at the mater-
nal unit of the S. Gerardo Hospital of Monza were tested when they were in an awake and alert
state. We have tested additional 4 newborns but they were then excluded from the final sample
due to fussiness or not being cooperative (n = 3) or to a position biased (i.e. looking towards
the right or the left position for more than the 85% of the total looking time) (n = 1). Parental
written informed consent was obtained before testing began. The protocol was carried out in
accordance with the ethical standards of the Declaration of Helsinki (BM]J 1991; 302: 1194)
and approved by the Ethics Committee of the S. Gerardo Hospital of Monza (NeoViper,
n.1531/2011).

Stimuli

Newborns were presented simultaneously with two color videos of a woman’s face performing
a happy and a disgusted expression on a black background. The faces of two different Cauca-
sian women were used (face A and face B). Two face identities were employed as stimuli in

PLOS ONE | https://doi.org/10.1371/journal.pone.0193868 March 15,2018 3/11


https://doi.org/10.1371/journal.pone.0193868

@° PLOS | ONE

Dynamic facial expressions of emotions are discriminated at birth

order to avoid the possibility that newborns’ visual preference could be ascribed to the salient
features of one single identity expressing an emotional expression. Half of the newborns saw
face A and the other half saw face B, randomly assigned. In both identities women had a direct
gaze and their hair, ears and neck as well, were not visible. Each video lasted 4568 ms and was
made of 8 frames, each one of the duration of 571 ms. The first two frames depicted the face
with a neutral expression and then, in the following 6 frames, the happy/disgusted expression
unfolded and reached the maximum intensity in frame 8 (Fig 1). The two videos were shown
bilaterally at a distance of 27°, and played continuously, in a loop. At a distance of 30 cm from
the screen face A was 24° wide and 33° high, and face B was 24.8° wide and 33" high. The
diameter of the iris was 1.9° for both faces A and B. The Luminance, contrast, and hue, as well
as saturation, were kept constant between the frames and the stimuli.

Stimuli were validated by 32 adults (16 females, mean age = 23.7, SD = 4.06) who were
asked to rate the emotional valence of the stimuli on a 10-point Likert scale, where -5 and +5
indicate maximum disgust and maximum happiness respectively. Results showed that the
happy face was judged as expressing happiness in both identities A (M = 3.50, SD = 1.72) and
B (M =4.03, SD = 0.93). Also the disgusted face was judged to express disgust in both faces A
(M =-3.91,SD = 1.76) and B (M = -3.84, SD = 0.88). The Wilcoxon test indicated that there
was a significant difference between the judgements of the emotional valence of the two stimuli
(Face A, p < .001 and Face B, p < .001). Further, no significant difference was found between
the ratings of the two happy faces (happy face A and happy face B, Wilcoxon test, p > .19) and
between the two disgusted faces (disgusted face A and disgusted face B, Wilcoxon test, p >
.33).

Procedure

Newborns were seated on the lap of an undergraduate student unaware of the aims of the
study, at a distance of 30 cm from the stimulus presentation monitor (27” screen size, 1920 X
1080 pixel resolution, 60 Hz). A camera was placed above the monitor that recorded newborn’s
gaze thus allowing an experimenter to code online newborns’ visual behavior. The baby holder
could check if newborns’ position was aligned to the center of the screen on a monitor that dis-
played his/her face. Total looking times and number of orienting responses were measured
within a preferential looking paradigm with an infant-control procedure [8, 9]. Newborns
were presented with two trials, in which a happy and a disgusted face were displayed simulta-
neously and bilaterally on the screen. Each trial began as soon as the newborns looked at a red
flickering circle appearing in the center of the monitor. The left/right position of the stimuli
was reversed between the first and the second trial and in the first trial half of the newborns
saw the happy face on their right and the other half on their left. Each trial ended when the
newborns watched each stimulus at least once, and shifted their gaze away for more than 10s.
Half of the video-recordings of eye movements were coded offline by an observer, blind to the
stimuli shown. The inter-coder agreement (Pearson correlation) was .97 for total fixation time
and .82 for number of orientations. The Intra-Class Correlation (ICC) coefficient was .98 for
total fixation time and .85 for number of orientations, revealing an excellent absolute agree-
ment between coders.

Results

A repeated-measures Analysis of Variance (,,, ANOVAs) was performed with trial (first vs.
second) and emotion (happy vs. disgust) as within-subjects factors. The analysis showed no sig-
nificant main effects or interaction both in total looking times (all ps > .295) and eye orienting
responses (all ps > .187) (Fig 1). Thus, contrary to our hypothesis, results of Experiment 1
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Fig 1. Stimuli and results. a) Frames composing the videos depicting the expression of disgust (left) and happiness (right) of one of the
two face identities shown. Frames are presented in succession in the direction indicated by the arrow. The actress in the photograph has
given written informed consent to publication of her photograph. b) Newborns’ total looking times (left) and orienting responses (right)
towards the expression of happiness and disgust in Experiment 1 (Preference task). c) Newborns’ total looking times (left) and orienting
responses (right) towards the novel and the familiar expression in the test phase of Experiment 2 (Habituation task). Error bars refer to
the standard errors of the mean. * = p<.05.

https://doi.org/10.1371/journal.pone.0193868.9001
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show that newborns didn’t prefer a facial expression over the other, as there was no significant
difference between the amount of time they have spent looking towards the face expressing
happiness (M = 68.6 s; SD = 37.3) and disgust (M = 79.4 s; SD = 33.7). The number of fixations
towards the happy (M = 20.4; SD = 8.6) and the disgusted face (M = 20.1; SD = 7.7) did not sig-
nificantly differ as well.

Experiment 2

The lack of preference shown by newborns in Experiment 1 doesn’t directly imply that they
weren’t able to differentiate between happy and disgusted faces. It is possible that newborns
simply didn’t prefer an emotion over the other, even if they were able to discriminate between
them. To ensure whether newborns were capable to distinguish between the two dynamic
expressions despite the null result revealed during the preference task, we conducted a second
experiment in which we used a visual habituation paradigm. We habituated newborns to
happy or disgusted facial expressions. Following the habituation phase, we tested their dis-
criminative abilities presenting them the familiar expression along with the novel one. If new-
borns are able to discriminate between the two facial expressions, then we expect them to look
longer and orient their gaze more frequently towards the novel stimulus in the test phase,
regardless of the facial expression presented in the habituation phase.

Participants

Eighteen healthy full-term newborns recruited at the maternal unit of the S. Gerardo Hospital
of Monza (11 girls; mean age: 46 h, range: 24-82, mean birth weight: 3349g, Apgar score: at
least 8 after 5 minutes from birth) were tested when they were in an awake and alert state. We
have tested other 6 newborns but they were then excluded from the final sample due to fussi-
ness or not being cooperative (n = 4) or to a position biased (i.e. looking towards the right or
the left position for more than the 85% of the total looking time) (n = 2). Parents signed a writ-
ten informed consent before testing began. The protocol was carried out in accordance with
the ethical standards of the Declaration of Helsinki (BM]J 1991; 302: 1194) and approved by the
Ethics Committee of the S. Gerardo Hospital of Monza (NeoViper, n.1531/2011).

Stimuli

Stimuli were the same as in Experiment 1.

Procedure

The experimental setting was the same as in Experiment 1. Newborns were tested using a
visual habituation paradigm and total looking times and orienting responses were measured
[14]. The habituation phase started when the newborn oriented towards a red flickering circle
appearing in the center of the screen. During the habituation phase, newborns viewed bilater-
ally two videos of a face expressing the same emotion (happy or disgust). Half of the newborns
were habituated to the happy faces, the other half to the disgusted faces. As in Experiment 1,
two identities were used (face A and face B). In each habituation trial, videos were shown con-
tinuously in a loop until newborns shifted their gaze away for more than 2 s. Habituation
phase ended when the newborn reached the habituation criterion which was a 50% decline in
looking time on the last three consecutive trials, relative to the looking time on the first three
trials. Following habituation, newborns were presented with two test trials in which a novel
facial expression (happy for newborns habituated to disgusted facial expressions and vice-
versa) and a familiar facial expression were displayed simultaneously and bilaterally on the
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screen. Each test trial began as soon as the newborns looked at a red flickering circle appearing
in the center of the monitor. The left/right position of the stimuli was reversed between the
first and the second trial and in the first trial half of the newborns saw the happy face on their
right and the other half on their left. Each test trial continued in a loop until newborns looked
for a minimum of 20 s, each stimulus was watched at least once and newborns’ gaze was shifted
away for more than 500 ms. This procedure has previously been used in several studies with
newborn infants [28, 26]. Half of the video-recordings of eye movements were coded offline
by an observer, blind to the stimuli shown. Inter-coder agreement (Pearson correlation) was
.91 for total fixation time and .84 for number of orientations. The Intra-Class Correlation
(ICC) coefficient was .96 for total fixation time and .87 for number of orientations.

Results

All newborns reached the habituation criterion. In fact, a repeated-measures Analyses of Vari-
ance (;, ANOVAs) on total looking times with habituation condition (happy vs. disgust) as the
between-subjects factor, and habituation trials (first three vs. last three) as the within-subjects
factor revealed a significant effect of habituation trials, F(1,16) = 31.3, p < .001, np2 =.662. The
average looking time on the first three habituation trials (M = 54.8 s, SD = 29.7) was signifi-
cantly longer than the average looking time on the last three habituation trials (M = 17.2 s,

SD =9.9). No other effect was significant. On average, newborns required 6.75 trials to habitu-
ate to the happy face, and 7 trials to habituate to the face expressing disgust.

A repeated-measures Analyses of Variance (rmANOV As) on total looking times with trial
(first vs. second) and novelty (novel vs. familiar) as within-subjects factors and habituation con-
dition (happy vs. disgust) as between-subjects factor, revealed a main effect of novelty, F(1,16)
= 4.87, p = .042, 1, = .233. Infants looked significantly longer at the novel (M = 30.7 s,

SD = 8.5) than the familiar (M = 22.8 s, SD = 9.2) facial expression during test phase (Fig 1).
The other factors and interactions were not significant (all ps > .154). This result was further
confirmed by examination of the data for individual infants, showing that 13 of the 18 infants
in the sample looked longer at the novel stimulus than at the familiar one (binomial test, p =
.033).

A repeated-measures Analyses of Variance (rmANOV As) on eye orienting responses with
trial (first vs. second) and novelty (novel vs. familiar) as within-subjects factors and habituation
condition (happy vs. disgust) as between-subjects factor revealed a main effect of novelty, F
(1,16) = 7.31, p = .016,m,” = .314. Infants oriented more frequently towards the novel
(M =10.1s, SD = 4.7) than towards the familiar (M = 7.5 s, SD = 3.7) facial expression during
test phase (Fig 1). No other significant effect or interaction emerged from this analysis (All ps
> .071). These results show that newborns are able to discriminate between a dynamic happy
and disgusted expression, as indicated by longer looking times and more frequent eye orienta-
tions towards the novel stimulus in the test phase.

Discussion

In the present study we have tackled the intriguing question of whether in the first stages of
postnatal life newborns are able to discriminate between dynamic displays of emotional facial
expressions. This is the first study to address the issue of newborns’ ability to visually discrimi-
nate emotional expressions using dynamic face stimuli. We have found that when 2-day-old
newborns were presented simultaneously with moving faces expressing happiness and disgust,
they didn’t manifest a spontaneous visual preference toward one of the two stimuli (Experi-
ment 1). We have also demonstrated that the absence of a preference response in Experiment
1 wasn’t explained by a general inability at birth to discriminate between the two dynamic
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emotional expressions. Newborns were actually able to differentiate between a happy and a
disgusted moving face as testified by an overall preference in looking times and orienting
responses towards the novel facial expression in the visual habituation task (Experiment 2).

Young infants typically prefer to look at happy faces at least until they reach the age in
which they start to locomote (i.e. 7 months of age) and this interest for happy faces has been
interpreted as the result of infants’ early experience with smiling faces [11]. Preferences for
happy faces were also found at birth, at least in some limited circumstances [8, 9]. However, it
is possible that, in these studies [8, 9], newborns were responding to a very salient feature like
the toothy smile. Here we have shown that newborns didn’t manifest any preference when
highly salient facial features were controlled and when emotions were presented in a dynamic
fashion. How can we explain newborns’ lack of preference found in Experiment 1? One possi-
ble explanation can be related to the fact that dynamic displays represent extremely salient sti-
muli for newborns and the effect of kinematics on their discriminative abilities could be
beneficial but also distracting. For example, recent findings [30, 31] suggest that the dynamics
of talking faces were so attractive for newborn infants to the point of interfering with their abil-
ity to process properly the differences between face identities. Accordingly, emotional facial
dynamics in the present study might have been too engaging to reveal a visual preference
response towards one of the two emotional expressions. However, this interpretation needs to
be further confirmed by directly comparing static and dynamic facial expressions. So far stud-
ies with newborns seem to converge in considering motion as a cue that facilitates rather than
interfere with newborns’ perceptual abilities [26-29]. Thus, an alternative and more plausible
interpretation of our results is that newborns were actually able to distinguish between the two
stimuli during the preference task but they simply did not prefer a dynamic facial expression
over the other. Both emotional dynamics might have attracted equally their attention. It could
be speculated that, when stimuli are well controlled, as in our study, newborns do not show to
possess spontaneous preferences for happy expressions over the others. This supports the idea
that preferences for happy faces found in previous studies with newborns [8, 9] were more
likely driven by highly salient facial features.

Experiment 2 has confirmed that newborns were able to discriminate between two different
dynamic faces expressing happiness and disgust. This indicates that 2-day-old newborns are
already able to detect the changes that take place during the unfolding of an emotional facial
expression. This is in line with several studies showing that the visual system is already sensi-
tive to motion-based information at birth [26, 27, 28].

One could speculate that the different results found in Exp. 1 and 2 (lack of preference in
Experiment 1 and successful discrimination in Experiment 2) may be explained by methodo-
logical differences, such as the duration of the test trials, which is longer in Experiment 1 and
shorter in Experiment 2. However, this possibility doesn’t seem tenable for two different rea-
sons. First, it is well known that infant control procedures maximize rather than minimize
newborns’ ability to manifest a visual preference [14, 33]. Secondly, in Experiment 1 newborns
don’t manifest any preference (all ps > .23) even when we analyze total looking times using
the same criteria of Experiment 2 (cumulative looking time of 20 sec, each stimulus looked at
at least once and 500 ms look-away).

Overall, our results imply that newborns’ discriminative abilities are sophisticated enough
to allow them to distinguish between two different, complex dynamic facial expressions.
When Farroni and colleagues (2007) compared static facial expressions where perceptual dif-
ferences weren’t very marked (i.e. fearful vs. neutral faces), newborn failed to show a prefer-
ence and even to discriminate between them [8]. It’s reasonable to think that small
differences between static facial expressions might become undetectable by newborns’ very
immature visual system, which might benefit by the presence of perceptual information
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conveyed by dynamic emotional faces. However, our results don’t allow us to draw firm con-
clusions about the facilitating influence of dynamics on emotion discrimination and future
studies should address this issue by directly comparing newborns’ ability to discriminate
dynamic and static stimuli.

The ability to discriminate facial expressions develops very early in human life [11, 34] and
is considered a prerequisite for emotion recognition, which matures later in development. For
instance, only by 7 months of age infants seem capable to truly attribute an affective meaning
to emotional expressions [35, 36]. Then, only at the end of the first year of life develops the
ability to use the information coming from their caregiver’s facial expression to understand
what is safe or harmful in the environment, and act accordingly (i.e., social referencing)[37].
Our results show that, despite the relatively little visual experience that newborns possess at
birth, they are already able to distinguish between different dynamic facial expressions and
this early ability might provide a fertile ground for the development of later and more complex
cognitive skills. However, visual experiences accumulated in the first days of life may not be
enough to boost newborns’ preference towards one of the two dynamic emotional expressions.
Significant postnatal experiences may be required to refine and enrich infants’ processing of
dynamic emotional expressions.

Investigating how newborns process dynamic emotional facial expressions is fundamen-
tal to fully understand how they actually see and process the social world around them,
which is constantly in motion. Our results show that at birth infants are able to distinguish
between different emotional facial dynamics and, thus, this study represents a crucial step
towards a deeper comprehension of newborns’ sensitivity to human emotional facial
behavior.

Acknowledgments

We thank all the babies who participated in this study, their parents and the staff at the Neona-
tal Ward at the S. Gerardo Hospital of Monza. We also thank Dr. C. Toneatto for his technical
support.

Author Contributions

Conceptualization: Margaret Addabbo, Elena Longhi, Ioana Cristina Marchis, Paolo Taglia-
bue, Chiara Turati.

Data curation: Margaret Addabbo, Elena Longhi, Ioana Cristina Marchis.
Formal analysis: Margaret Addabbo.

Funding acquisition: Chiara Turati.

Investigation: Margaret Addabbo.

Methodology: Margaret Addabbo, Elena Longhi, Paolo Tagliabue, Chiara Turati.
Project administration: Margaret Addabbo, Chiara Turati.

Resources: Paolo Tagliabue, Chiara Turati.

Supervision: Elena Longhi, Chiara Turati.

Writing - original draft: Margaret Addabbo.

Writing - review & editing: Elena Longhi, Ioana Cristina Marchis, Paolo Tagliabue, Chiara
Turati.

PLOS ONE | https://doi.org/10.1371/journal.pone.0193868 March 15,2018 9/11


https://doi.org/10.1371/journal.pone.0193868

@° PLOS | ONE

Dynamic facial expressions of emotions are discriminated at birth

References

1.

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

Reissland N., Francis B., Mason J., & Lincoln K. Do facial expressions develop before birth? PLoS One.
2011; 6(8); €24081. https://doi.org/10.1371/journal.pone.0024081 PMID: 21904607

Sato M., Kanenishi K., Hanaoka U., Noguchi J., Marumo G., & Hata T. 4D ultrasound study of fetal facial
expressions at 20—24weeks of gestation. International Journal of Gynecology & Obstetrics. 2014; 126
(3): 275-279.

Finan DS, & Barlow SM. Intrinsic dynamics and mechanosensory modulation of non-nutritive sucking in
human infants. Early human development, 1998; 52(2): 181-197. PMID: 9783819

Green JR, & Wilson EM. Spontaneous facial motility in infancy: A 3D kinematic analysis. Developmental
psychobiology. 2006; 48(1): 16. https://doi.org/10.1002/dev.20112 PMID: 16381029

Rosenstein D, & Oster H. Differential facial responses to four basic tastes in newborns. Child develop-
ment. 1988; 59, 1555-1568. PMID: 3208567

Field TM, Woodson R, Greenberg R, & Cohen D. Discrimination and imitation of facial expressions by
neonates. Science. 1982; 218: 179-181. PMID: 7123230

Field TM, Woodson R, Cohen D, Greenberg R, Garcia R, & Collins K. Discrimination and imitation of
facial expressions by term and preterm neonates. Infant Behavior and Development. 1983; 6(4): 485—
489.

Farroni T, Menon E, Rigato S, & Johnson MH. The perception of facial expressions in newborns. Euro-
pean Journal of Developmental Psychology. 2007; 4(1): 2-13. https://doi.org/10.1080/
17405620601046832 PMID: 20228970

Rigato S, Menon E, Johnson MH, Faraguna D, & Farroni T. Direct gaze may modulate face recognition
in newborns. Infant and Child Development, 2011; 20(1): 20-34.

Kaitz M, Meschulach-Sarfaty O, Auerbach J, & Eidelman A. A reexamination of newborns’ ability to imi-
tate facial expressions. Developmental Psychology. 1988; 24(1): 3.

Hoehl S. Emotion processing in infancy. In: Lagattuta K.H., editors. Children and Emotion. New Insights
into Developmental Affective Sciences. Contributions to Human Development. Basel: Karger.
2014; pp. 1-12.

Brenna V, Proietti V, Montirosso R, & Turati C. Positive, but not negative, facial expressions facilitate 3-
month-olds’ recognition of an individual face. International Journal of Behavioral Development. 2013;
37(2): 137-142.

Turati C, Montirosso R, Brenna V, Ferrara V, & Borgatti R. A Smile Enhances 3-Month-Olds’ Recogni-
tion of an Individual Face. Infancy. 2011; 16(3): 306-317.

Slater A. Visual perception and memory at birth. In: Rovee-Collier C. & Lipsitt L.P., Editors. Advances in
infancy research. Norwood, NJ: Ablex; 1995. pp. 107-162.

Kestenbaum R, & Nelson CA. The recognition and categorization of upright and inverted emotional
expressions by 7-month-old infants. Infant Behavior and Development. 1990; 13(4): 497-511.

Krumhuber EG, Kappas A, & Manstead AS. Effects of dynamic aspects of facial expressions: a review.
Emotion Review. 2013; 5(1): 41-46.

V6 MLH, Smith TJ, Mital PK, & Henderson JM. Do the eyes really have it? Dynamic allocation of atten-
tion when viewing moving faces. Journal of vision. 2012; 12(13): 3-3. https://doi.org/10.1167/12.13.3
PMID: 23211270

Hunnius S, & Geuze RH. Developmental changes in visual scanning of dynamic faces and abstract sti-
muli in infants: A longitudinal study. Infancy. 2004; 6(2): 231-255.

Wilcox T, Stubbs JA, Wheeler L, & Alexander GM. Infants’ scanning of dynamic faces during the first
year. Infant Behavior and Development. 2013; 36(4): 513-516. https://doi.org/10.1016/j.infbeh.2013.
05.001 PMID: 23732625

Xiao NG, Quinn PC, Liu S, Ge L, Pascalis O, & Lee K. Eye tracking reveals a crucial role for facial
motion in recognition of faces by infants. Developmental psychology. 2015; 51(6): 744. https://doi.org/
10.1037/dev0000019 PMID: 26010387

Sato W, Kochiyama T, Yoshikawa S, Naito E, & Matsumura M. Enhanced neural activity in response to
dynamic facial expressions of emotion: an fMRI study. Cognitive Brain Research. 2004; 20(1): 81-91.
https://doi.org/10.1016/j.cogbrainres.2004.01.008 PMID: 15130592

Arsalidou M, Morris D, & Taylor MJ. Converging evidence for the advantage of dynamic facial expres-
sions. Brain topography. 2011; 24(2): 149—-163. https://doi.org/10.1007/s10548-011-0171-4 PMID:
21350872

Katsyri J, & Sams M. The effect of dynamics on identifying basic emotions from synthetic and natural
faces. International Journal of Human-Computer Studies. 2008; 66(4): 233—242.

PLOS ONE | https://doi.org/10.1371/journal.pone.0193868 March 15,2018 10/11


https://doi.org/10.1371/journal.pone.0024081
http://www.ncbi.nlm.nih.gov/pubmed/21904607
http://www.ncbi.nlm.nih.gov/pubmed/9783819
https://doi.org/10.1002/dev.20112
http://www.ncbi.nlm.nih.gov/pubmed/16381029
http://www.ncbi.nlm.nih.gov/pubmed/3208567
http://www.ncbi.nlm.nih.gov/pubmed/7123230
https://doi.org/10.1080/17405620601046832
https://doi.org/10.1080/17405620601046832
http://www.ncbi.nlm.nih.gov/pubmed/20228970
https://doi.org/10.1167/12.13.3
http://www.ncbi.nlm.nih.gov/pubmed/23211270
https://doi.org/10.1016/j.infbeh.2013.05.001
https://doi.org/10.1016/j.infbeh.2013.05.001
http://www.ncbi.nlm.nih.gov/pubmed/23732625
https://doi.org/10.1037/dev0000019
https://doi.org/10.1037/dev0000019
http://www.ncbi.nlm.nih.gov/pubmed/26010387
https://doi.org/10.1016/j.cogbrainres.2004.01.008
http://www.ncbi.nlm.nih.gov/pubmed/15130592
https://doi.org/10.1007/s10548-011-0171-4
http://www.ncbi.nlm.nih.gov/pubmed/21350872
https://doi.org/10.1371/journal.pone.0193868

@° PLOS | ONE

Dynamic facial expressions of emotions are discriminated at birth

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Cunningham DW, & Wallraven C. The interaction between motion and form in expression recognition.
In: Proceedings of the 6th symposium on applied perception in graphics and visualization.
2009. pp. 41-44.

Atkinson J, Braddick O, & French J. Contrast sensitivity of the human neonate measured by the visual
evoked potential. Investigative ophthalmology & visual science. 1979; 18(2): 210-213.

Valenza E, & Bulf H. The role of kinetic information in newborns’ perception of illusory contours. Devel-
opmental science. 2007; 10(4): 492-501. https://doi.org/10.1111/j.1467-7687.2007.00602.x PMID:
17552938

Longhi E, Senna I, Bolognini N, Bulf H, Tagliabue P, Macchi Cassia VM, et al. Discrimination of biome-
chanically possible and impossible hand movements at birth. Child development. 2015; 86(2): 632—
641. https://doi.org/10.1111/cdev.12329 PMID: 25441119

Bulf H, & Turati C. The role of rigid motion in newborns’ face recognition. Visual Cognition. 2010; 18(4):
504-512.

Leo I, Angeli V, Lunghi M, Dalla Barba B, & Simion F. Newborns’ Face Recognition: The Role of Facial
Movement. Infancy. 2017; 23(1): 45-60.

Coulon M, Guellai B, & Streri A. Recognition of unfamiliar talking faces at birth. International Journal of
Behavioral Development. 2011; 35(3): 282-287.

Guellai B, Coulon M, & Streri A. The role of motion and speech in face recognition at birth. Visual Cogni-
tion. 2011; 19(9): 1212—1233.

Grossmann T, Striano T, & Friederici AD. Developmental changes in infants’ processing of happy and
angry facial expressions: A neurobehavioral study. Brain and cognition. 2007; 64(1): 30—41. https://doi.
org/10.1016/j.bandc.2006.10.002 PMID: 17169471

Horowitz FD, Paden L, Bhana K, & Self P. An infant-control procedure for studying infant visual fixa-
tions. 1972.

Geangu E, Ichikawa H, Lao J, Kanazawa S, Yamaguchi MK, Caldara R, et al. Culture shapes 7-month-
olds’ perceptual strategies in discriminating facial expressions of emotion. Current Biology. 2016; 26
(14): R663-R664. https://doi.org/10.1016/j.cub.2016.05.072 PMID: 27458908

de Haan M, Johnson MH, & Halit J. Development of face-sensitive event- related potentials during
infancy: A review. International Journal of Psychophysiology. 2003; 51: 45-58. https://doi.org/10.1016/
S0167-8760(03)00152-1 PMID: 14629922

Leppénen JM, Richmond J, Vogel-Farley VK, Moulson MC, & Nelson CA. Categorical representation of
facial expressions in the infant brain. Infancy. 2009; 14(3): 346-362. https://doi.org/10.1080/
15250000902839393 PMID: 20953267

Campos JJ, & Stenberg C. Perception, appraisal, and emotion: The onset of social referencing. Infant
social cognition: Empirical and theoretical considerations. 1981; 273: 314.

PLOS ONE | https://doi.org/10.1371/journal.pone.0193868 March 15,2018 11/11


https://doi.org/10.1111/j.1467-7687.2007.00602.x
http://www.ncbi.nlm.nih.gov/pubmed/17552938
https://doi.org/10.1111/cdev.12329
http://www.ncbi.nlm.nih.gov/pubmed/25441119
https://doi.org/10.1016/j.bandc.2006.10.002
https://doi.org/10.1016/j.bandc.2006.10.002
http://www.ncbi.nlm.nih.gov/pubmed/17169471
https://doi.org/10.1016/j.cub.2016.05.072
http://www.ncbi.nlm.nih.gov/pubmed/27458908
https://doi.org/10.1016/S0167-8760(03)00152-1
https://doi.org/10.1016/S0167-8760(03)00152-1
http://www.ncbi.nlm.nih.gov/pubmed/14629922
https://doi.org/10.1080/15250000902839393
https://doi.org/10.1080/15250000902839393
http://www.ncbi.nlm.nih.gov/pubmed/20953267
https://doi.org/10.1371/journal.pone.0193868

