
AI translation ・View original & related papers at
chinarxiv.org/items/chinaxiv-202310.00206

Synchronization or Not: Developmental Charac-
teristics of Basic Facial Expression Recognition
in Infants (Postprint)
Authors: Zhu Liya, Mo Fan, Zhang Zhihao, Zhao Ke, Fu Xiaolan

Date: 2023-10-09T00:00:00+00:00

Abstract
Facial expressions are emotional signals transmitted through muscular actions
of the eyes, mouth, and other facial regions. Infants’accurate recognition of fa-
cial expressions constitutes a crucial means of communication with the external
world and facilitates the development of emotional cognition. The development
of basic facial expression recognition in infants exhibits asynchrony: discrimina-
tion of positive-valence expressions precedes that of negative-valence expressions,
with 2-month-old infants able to discriminate positive-valence expressions and
4- to 6-month-old infants capable of discriminating different negative-valence
expressions; the development of emotion perception ability precedes that of emo-
tion understanding ability, as 7-month-old infants have preliminarily acquired
emotion perception capabilities, whereas 12-month-old infants still cannot ac-
curately differentiate the emotional meanings expressed by different negative-
valence expressions. Infants’expression recognition is subject to dual influences
from environmental and cognitive factors, reflecting the process from basic emo-
tion activation to the formation of emotion schemas.
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Abstract

Facial expressions are emotional signals transmitted through muscle movements
of the eyes, mouth, and other facial features. Correct recognition of facial ex-
pressions serves as a crucial means for infants to communicate with the external
world and facilitates the development of emotional cognition. The develop-
ment of basic facial expression recognition in infants is characterized by asyn-
chrony: recognition of positive-valence expressions emerges earlier than that
of negative-valence expressions, with 2-month-old infants able to discriminate
positive expressions and 4-6-month-olds able to differentiate various negative
expressions. Furthermore, the development of emotional perception precedes
emotional understanding—7-month-old infants possess preliminary emotional
perception abilities, yet 12-month-olds still cannot accurately comprehend the
emotional meanings conveyed by different negative-valence expressions. Infants’
expression recognition is influenced by both environmental and cognitive fac-
tors, reflecting a developmental trajectory from basic emotion activation to the
formation of emotion schemas.
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2. Developmental Characteristics of Basic Facial Expres-
sion Recognition in Infants
The human brain appears to be innately sensitive to social stimuli, with infants
showing stronger neural responses to facial images than to non-social images
(Redcay & Warnell, 2018). Faces constitute one of the most important stimuli
in infants’visual environment, providing them with vital social information
that enables interaction with others and strengthens their connection to the
surrounding world, thereby continuously enhancing their social skills (Bayet,
2022; Carnevali et al., 2022; Kim et al., 2022). Consequently, the development
of facial expression recognition ability plays a significant role in infants’social
development.

Over the past half-century, researchers have conducted extensive empirical stud-
ies on infant facial expression recognition. Initially focused on behavioral re-
search, recent technological advances have enabled further investigation into the
neural mechanisms underlying the development of facial expression recognition
in infants. This paper systematically reviews empirical studies on infant fa-
cial expression recognition to examine whether the development of recognition
abilities for the six basic facial expressions is synchronized—that is, whether
they reach comparable developmental levels within the same timeframe. Ad-
ditionally, we discuss factors influencing the development of infant expression
recognition and explore its significance, offering a new perspective for practical
applications.
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2.1 Synchronized Development of the Six Basic Facial Expressions

Research indicates that newborn infants can imitate adult facial expressions
within minutes of birth, though this does not signify genuine emotional under-
standing (Feldman, 2007/2013). Facial expression recognition encompasses two
distinct capacities: emotional perception and emotional understanding. Emo-
tional perception refers to the ability to visually discriminate between differ-
ent types of emotional expressions through visual perception. Using looking-
time paradigms (Ruba & Repacholi, 2020), researchers can observe whether in-
fants can distinguish different facial expressions. These methods include paired-
preference paradigms and habituation-recovery paradigms (Ruba & Repacholi,
2020; Young-Browne et al., 1977). In paired-preference tasks, infants are si-
multaneously presented with two static facial expression images; longer looking
time toward one expression indicates discrimination ability (Ruba & Repacholi,
2020). In habituation-recovery paradigms, infants are first exposed to one ex-
pression until reaching a habituation criterion (typically defined by a set number
of presentations or a decline in looking time to a predetermined standard), af-
ter which a new expression is presented. Recovered looking time to the novel
stimulus demonstrates discrimination (Ruba & Repacholi, 2020; Young-Browne
et al., 1977).

Emotional understanding refers to the capacity to interpret the emotional mean-
ing conveyed by facial expressions. Social referencing experiments can deter-
mine whether infants can use facial expressions to understand emotions (Ruba
& Repacholi, 2020). In these experiments, an experimenter displays an emo-
tion toward a novel target (toy, scenario, or stranger), and researchers observe
infants’behavioral responses (approach or avoidance) to assess their recogni-
tion abilities (Ruba & Repacholi, 2020). Other experiments using looking-time
paradigms present infants with specific contexts where experimenters display fa-
cial expressions that are either consistent or inconsistent with the situation. If
infants can identify the incongruence, they show longer looking times compared
to consistent scenarios (Ruba, 2019).

Neuroimaging research in infants, constrained by age-related limitations, primar-
ily employs event-related potentials (ERP) and functional near-infrared spec-
troscopy (fNIRS). These techniques record neurophysiological changes or corti-
cal functional responses while infants view different facial expressions (Zhou &
Zhang, 2017).

2.1.1 Development of Emotional Perception Studies demonstrate that
2-month-old infants can discriminate positive-valence expressions. In the“still-
face”paradigm, experimenters first interact with infants for 30 seconds, then
display 30-second static happy, neutral, and sad expressions. Two-month-olds
show the longest looking time toward happy expressions (Rochat et al., 2002).
Using habituation-recovery paradigms, 3-month-olds show renewed looking time
to novel stimuli when comparing static happy-surprise expressions in adults and
dynamic happy-sad expressions in infants, indicating discrimination between
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happy-surprise and happy-sad expressions (Flom et al., 2018; Young-Browne et
al., 1977). When examining angry, fearful, and surprise expressions across six
pairings using habituation-recovery paradigms, 4-6-month-olds show renewed
looking to novel stimuli in five of the six pairings, except when habituated to sur-
prise and shown fear. Researchers conclude that infants can discriminate these
three expressions, though their salience differs—anger and surprise convey more
important information and appear more frequently in daily life than fear. Sur-
prise expressions are particularly common, as mothers often use them to initiate
interaction with infants. Consequently, 4-6-month-olds rarely encounter fearful
expressions in daily life, explaining why they fail to recover looking time when
habituated to surprise and presented with fear (Serrano et al., 1992). From
5 months onward, infants demonstrate categorical perception of basic expres-
sions: when habituated to four faces showing varying intensities of happiness,
5-month-olds subsequently show longer looking toward a fearful expression than
toward a novel intensity of happiness on a new face, indicating recognition that
different faces and intensities belong to the same expression category (Bornstein
& Arterberry, 2003). Using morphing technology to present between-category
stimuli (e.g., sad vs. disgust) and within-category stimuli (e.g., varying sadness
intensities), 5-month-olds show longer looking times for between-category pairs
(happy-surprise, sad-anger, sad-disgust), demonstrating discrimination and cat-
egorical perception (White et al., 2019). Between 5-7 months, infants develop
an attentional bias toward fearful expressions (Leppänen et al., 2018; Tuulari
et al., 2020). Five-month-olds show longer looking times to fearful than to dy-
namic happy or neutral expressions (Heck et al., 2016; Miguel et al., 2019), and
7-9-month-olds similarly show the longest looking times to fearful expressions
compared to static happy, angry, and neutral expressions (Dixon, 2019).

Infants’efficiency and skill in perceiving emotions through facial expressions
improve rapidly. Comparing 3- and 5-month-olds in habituation-recovery
paradigms reveals that 5-month-olds reach habituation more quickly for happy
and sad expressions (Flom et al., 2018). Eye-tracking studies reveal strategic
shifts in how infants scan faces: 7-month-olds attend more to structural facial
information, showing increased fixation on the eyes, nose, and mouth regions
(Soussignan et al., 2018). Compared to 3-month-olds, 7-month-olds employ
adult-like scanning strategies, such as focusing on the eye region for fearful
expressions and the mouth region for happy expressions (Segal & Moulson,
2020). Thus, emotional perception development shows asynchronous character-
istics: from 2 months, infants discriminate positive expressions; by 4-6 months,
they discriminate different negative expressions and demonstrate categorical
perception; between 5-7 months, they show attentional biases toward fear; and
by 7 months, they employ adult-like visual scanning strategies.

2.1.2 Development of Emotional Understanding Researchers investi-
gate infants’facial expression recognition abilities through social referencing
experiments and their responses to expression-context congruence. In social
referencing tasks where experimenters express emotions toward target toys us-
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ing facial and vocal cues, 5.5-month-olds preferentially touch toys associated
with happy expressions and avoid those associated with fearful expressions
(Vaillant-Molina & Bahrick, 2012). Ten-month-olds can understand the con-
sistency between positive/negative expressions and contexts: when an experi-
menter’s toy is taken away, they display angry expressions/vocalizations that are
either context-consistent or happy expressions/vocalizations that are context-
inconsistent. Ten-month-olds show longer looking times toward the experi-
menter in the inconsistent condition, indicating they can differentiate the emo-
tional meanings of positive and negative expressions and understand that losing
a toy typically elicits anger (Ruba, 2019). In social referencing experiments,
11-month-olds preferentially touch toys associated with happy expressions and
avoid those associated with disgust expressions (Hertenstein & Campos, 2004).
In the “visual cliff”paradigm, 1-year-olds show differentiated behaviors when
recognizing different negative-valence expressions. Infants and mothers sit at op-
posite ends of a table covered with transparent plexiglass that creates a visual
cliff illusion. To obtain a plush toy near the mother, infants must cross the visual
cliff. When mothers display happy expressions, all infants cross; with sad expres-
sions, one-third cross; with angry or fearful expressions, very few cross (Sorce et
al., 1985). Although 1-year-olds show behavioral differences when recognizing
different negative expressions, some researchers argue this reflects lower arousal
from sad expressions rather than accurate recognition (Widen & Russell, 2010).
Moreover, infants show no behavioral differences after seeing angry versus fear-
ful expressions, suggesting this experiment cannot fully prove that 1-year-olds
can distinguish the emotional meanings of different negative-valence expressions
(Widen & Russell, 2010). Other studies find that even after 12 months, toddlers
cannot accurately differentiate all negative expressions. When experimenters
display anger, disgust, or fear in a toy-unavailable context, 14-month-olds show
no significant differences in looking times across the three expressions, indicating
they cannot yet accurately recognize anger (Ruba et al., 2019). Sixteen-month-
olds still cannot appropriately reference angry or disgust expressions to guide
avoidance behaviors in multimodal contexts involving facial, vocal, and bodily
expressions (Walle et al., 2017).

Thus, emotional understanding development also shows asynchrony: by 5-6
months, infants can recognize the emotional meaning of positive expressions
and show approach behaviors. However, emotional understanding develops
more slowly than perception, and synthesizing relevant empirical evidence sug-
gests that 12-month-olds still cannot accurately differentiate different negative-
valence expressions. Emotional understanding places higher demands on cogni-
tive development and depends on both cognitive maturation and environmental
stimulation.

2.1.3 Development of Neural Mechanisms Within the first three months
after birth, infants’cerebral cortex begins functioning (Feldman, 2007/2013).
Functional magnetic resonance imaging (fMRI) studies with 4-6-month-olds
viewing infant facial expressions from the cartoon “Baby Einstein”reveal face-
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preferential regions in the fusiform gyrus, lateral occipital cortex, superior tem-
poral sulcus, and medial prefrontal cortex that are structurally similar to adults
(Deen et al., 2017). fNIRS studies show that while the face-processing network
is activated in 5-month-olds, the facial expression processing system remains
immature (di Lorenzo et al., 2019). In 5- and 7-month-olds, viewing happy and
angry expressions activates temporal-parietal and frontal regions (Bayet et al.,
2021). Seven-month-olds show differential temporal cortex responses to happy
versus angry expressions, with left temporal activation for happy and right tem-
poral activation for angry expressions, indicating hemispheric specialization for
processing positive and negative valence (Nakato et al., 2011).

ERP research identifies N290, P400, and Nc as components related to infant
expression recognition (Xie et al., 2018). N290 and P400 may be analogous
to the adult N170 and relate to visual processing, while Nc changes reflect
attentional processes, indicating attentional biases toward expressions (Mun-
sters, 2017). Consistent findings show that from 7 months, infants show Nc
amplitude differences for positive versus negative expressions, primarily man-
ifesting as attentional biases toward fearful expressions (Ruba & Repacholi,
2020). Infants show stronger Nc amplitudes when viewing fearful versus happy
expressions (Jessen & Grossmann, 2015; Segal & Moulson, 2020; Taylor-Colls &
Pasco Fearon, 2015). Some research suggests this fear-specific attentional bias
may emerge earlier: 5-month-olds already show N290 amplitude changes in the
right fusiform gyrus when viewing fearful versus happy or angry expressions,
becoming most pronounced at 7 months and disappearing by 12 months (Xie
et al., 2018). This attentional bias has a preconscious automatic onset: when
expressions are presented subliminally for 50-100 ms, 7-month-olds still show
stronger Nc amplitudes for fearful versus happy expressions (Jessen & Gross-
mann, 2015). Comparing brain responses to dynamic happy and sad expressions
in 8-10-month-olds and adults reveals infant brain activation patterns similar
to adult emotional processing lateralization that strengthens with development
(Rotem-Kohavi et al., 2017).

Neuroimaging studies demonstrate that humans have evolved a socially biased
brain. In the first half of infancy, infants already possess adult-like brain regions
and show face preferences, laying the groundwork for subsequent expression
recognition development. At this stage, emotional understanding is rudimen-
tary—infants cannot accurately comprehend the emotional meanings of different
negative expressions. The negativity bias observed during this period may help
infants rapidly learn to recognize negative emotions.

3. Factors Influencing the Development of Infant Expression Recog-
nition

Infancy represents a critical period for brain development and is highly suscepti-
ble to environmental influences (Xu et al., 2021). Infants of mothers who receive
positive care show greater Nc component activation when viewing happy expres-
sions, indicating higher sensitivity to positive emotions (Taylor-Colls & Pasco

chinarxiv.org/items/chinaxiv-202310.00206 Machine Translation

https://chinarxiv.org/items/chinaxiv-202310.00206


Fearon, 2015). When mothers experience anxiety during pregnancy or postpar-
tum, infants show stronger attentional biases toward fearful expressions (Bow-
man et al., 2022; Kataja et al., 2018, 2019). Six-to-eight-month-olds rated by
mothers as having higher negative emotionality show stronger medial prefrontal
cortex (mPFC) activation when viewing happy, sad, and angry expressions,
indicating greater emotional sensitivity compared to infants with lower nega-
tive emotionality ratings (Safyer et al., 2020). After mothers express sadness
through facial and vocal cues, 9-month-olds significantly reduce play behavior
and display more sad and angry expressions during subsequent play (Termine
& Izard, 1988). By 12 months, greater maternal negative emotional expression
correlates with smaller pupillary responses and lower emotional arousal when
infants view facial expressions, while paternal negative emotionality shows no
effect (Aktar et al., 2018). Thus, mother-infant relationships are crucial for
developing expression recognition abilities.

Because infants spend most of their time with family members, family
emotional expression and discussion likely significantly impact emotional
perception (Ogren & Johnson, 2021a). A longitudinal eye-tracking study
found that 4-month-olds from high-conflict families detect angry expressions on
computer screens faster than infants from average-conflict families. However, by
12 months, these high-stress family infants show significantly lower sensitivity
to angry expressions than infants from typical families (Burris et al., 2022).
When family members are poor at expressing emotions, children may develop
delayed expression recognition due to lack of environmental stimulation (Ogren
& Johnson, 2021b). Nine-month-olds’ability to match happy and neutral
facial and vocal expressions correlates positively with parents’ratings of
family emotional expressiveness (Ogren et al., 2018). Socially disadvantaged
children, such as those in welfare institutions or homeless children, show
atypical expression recognition development (Lan & Moscardino, 2021; Doretto
& Scivoletto, 2018), with related cognitive-neural mechanisms potentially
emerging in infancy.

Social environments also influence infant expression recognition. Since the
COVID-19 pandemic, researchers have found infants’face recognition abilities
affected. Nine-to-14-month-olds born during Canada’s second pandemic wave
could not recognize novel unmasked faces in habituation-recovery paradigms
but could recognize novel masked faces, suggesting pandemic-related restric-
tions on face perception experience altered face processing abilities (Kim et
al., 2022). Studies of 9-10-year-olds show mask-wearing impairs recognition of
disgust, fear, and sad expressions (Carbon & Serrano, 2021). Review articles
suggest that since infants now primarily see masked adults, they cannot access
critical expression information from the mouth region, potentially impacting
face and expression recognition development (Carnevali et al., 2022; Ruba &
Pollak, 2020). Mask-wearing causes loss of some emotional information, and
since infants are in a rapid learning period for understanding others’emotions,
an environment of masked faces may disproportionately affect infants compared
to other age groups (Carnevali et al., 2022; Ruba & Pollak, 2020).
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Race and culture also influence expression recognition. Seven-month-olds across
cultures adopt adult-like scanning strategies: Japanese adults and infants focus
more on the eye region, while British adults and infants focus more on the
mouth region (Geangu et al., 2016). In summary, family environment is crucial
for expression recognition development. Families should provide rich, benefi-
cial environmental stimulation, while mothers’emotional states directly impact
infant development. Families and society should provide more support and sci-
entific caregiving guidance.

4. Developmental Trajectory from Basic Emotions to Emotion
Schemas

According to Izard (2007), children’s emotional cognition develops from basic
emotions to emotion schemas. Basic emotions are evolutionarily prepared sys-
tems for environmental adaptation, with infants innately capable of expressing
and recognizing them. Basic emotions are independent of postnatal cognitive
development—once activated by the environment, infants possess corresponding
recognition abilities. Emotion schemas develop postnatally through dynamic
interaction between emotion and cognition, with both individual cognitive de-
velopment (particularly language) and environmental stimulation playing im-
portant roles (Izard, 2007).

This review of behavioral and neuroimaging research reveals asynchronous de-
velopment of basic facial expression recognition, partially supporting Izard’s
view. On one hand, the human brain has evolved experience-expectant mecha-
nisms for recognizing basic facial expressions. Infants show preferences for social
information, such as face preferences (Redcay & Warnell, 2018). Two-month-
olds show longer looking times toward mothers’positive expressions (Rochat et
al., 2002). This positive bias helps infants obtain more protection from adults
(Izard, 2007). From 5 months, infants develop a specific attentional bias toward
fearful expressions (Ruba & Repacholi, 2020). This bias reflects an innate neu-
ral mechanism rather than learned understanding of signal meaning (Leppänen
& Nelson, 2009). The fear-specific attentional bias is independent of environ-
mental stimulation—infants rarely encounter fearful expressions before 6 months
(Serrano et al., 1992), and 7-9-month-olds show this bias regardless of crawling
ability, indicating it is unrelated to environmental changes from motor develop-
ment (Dixon, 2019). This bias has a preconscious automatic onset (Jessen &
Grossmann, 2015) and cross-cultural consistency (Geangu et al., 2016), suggest-
ing it is an innate mechanism rather than environmentally produced.

On the other hand, experience-dependent mechanisms also operate in basic
expression recognition development. Research shows mother-infant interaction,
family environment, socioeconomic status, and social environment all influence
expression recognition development. Experience-dependent mechanisms render
the brain’s emotional neural networks plastic (Leppänen & Nelson, 2009). From
the second half of infancy, environmental factors and cognitive development
become increasingly important, and infants begin forming individual emotion
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schemas (Izard, 2007).

Overall, facial expression recognition ability plays a crucial role in forming emo-
tion schemas, serving as both a communication and learning tool for infants. As
a communication tool, expression recognition is essential for preverbal infants
to interact with their environment (Leppänen & Nelson, 2006). As a learn-
ing tool, expression recognition ability in 3-year-olds with incomplete language
skills predicts their emotional understanding development six months later. Re-
searchers suggest expression recognition helps language-limited children learn
complex emotional knowledge, serving a unique function for cognitive develop-
ment that disappears once language is mastered (Strand et al., 2016). Expres-
sion recognition ability is vital for infant-environment interaction and cognitive
development, influencing emotion schema formation. Long-term, stable emo-
tion schemas constitute personality traits—maladaptive schemas cause social
behavior problems. For example, children who develop anger schemas show pro-
cessing biases, interpreting neutral emotional cues as angry and displaying more
aggressive behaviors (Izard, 2007). Preschoolers’expression recognition deficits
predict developmental problems—children with poor expression recognition at
age 5 show more behavior problems and lower academic achievement at age 9
(Izard et al., 2001). These problems may originate in infancy, leading to atypical
emotion schema development and long-term developmental issues.

5. Summary and Outlook

This review examined research on the development of infants’basic facial ex-
pression recognition abilities. Through behavioral and neuroimaging studies, we
identified asynchronous development: (1) asynchronous development of positive
and negative expression recognition, with positive expressions recognized earlier;
(2) asynchronous development of emotional perception and understanding, with
perception developing significantly faster. By 7 months, infants’emotional per-
ception is established—they can discriminate basic expressions, demonstrate cat-
egorical perception, and employ adult-like scanning strategies. However, emo-
tional understanding lags behind, with 12-month-olds still unable to accurately
comprehend the emotional meanings of different negative expressions.

Based on this asynchrony and influencing factors, we propose that infant expres-
sion recognition development involves a transition from basic emotion activation
to the emergence of emotion schemas. For preverbal infants, expression recogni-
tion is a vital means of environmental communication and social development.
Future research should consider several directions:

First, investigate associations between behavioral and neural mechanisms.
Current studies remain relatively independent; combining behavioral and
neuroimaging approaches would provide more comprehensive understanding
of infant development. Atypical expression recognition in preschool may
originate in infancy. Since infant expression recognition affects emotion schema
formation and lifelong development, understanding its developmental patterns
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will enable earlier identification of problems.

Second, deeply examine how family environment influences expression recog-
nition development. While maternal influence is confirmed, objective, system-
atic studies of mother-infant relationships are lacking. Current assessments rely
heavily on parental self-report (Safyer et al., 2020). Future research should incor-
porate observational methods combined with neuroimaging to analyze mother-
infant interaction patterns, providing scientific guidance for caregiving.

Finally, high-risk infants with medical conditions (e.g., hearing impairment,
autism) or social disadvantage show atypical expression recognition develop-
ment (Fan et al., 2020; Sidera et al., 2017; Lan & Moscardino, 2021). These
infants lack research attention. fNIRS studies show that high-risk autism in-
fants display atypical neural responses to social stimuli (e.g., peekaboo videos)
at 4-6 months, with significantly reduced activation in inferior frontal and pos-
terior temporal regions compared to low-risk infants (Lloyd-Fox et al., 2018).
As a sensitive indicator of social stimuli, facial expression recognition can be
used with neuroimaging to screen for problems earlier in infancy and implement
interventions.
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