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Abstract 
The current study aims to investigate cross-cultural and 
gender-related differences in infants’ facial expression using a 
novel, infant emotion detection model – the Hierarchical 
Multimodal Attention Neural (HMAN) Network – for 
automated Action Unit (AU) prediction. Analyses investigate 
how facial AUs (1) are distributed across positive and negative 
emotion classes, (2) co-occur within positive and negative 
emotion classes, and how (3) their temporal dynamics unfold 
over time. Compared to Singaporean infants (n=48), Brazilian 
infants (n=59) were more likely to lower brows (AU04) during 
negative emotion, and took longer to fully develop a facial 
expression. Male infants across countries were more likely than 
female infants to pull lip corners (AU12), and less likely to 
lower brows (AU04) during positive emotion. These findings 
advance theoretical understanding of early emotional 
development and highlight the need for culturally and 
contextually sensitive tools for interpreting infant emotion, 
particularly for the design of diagnostic and intervention tools.  

Keywords: Infant Emotion; Facial Action Units; Cross-
Cultural Analyses 

Introduction 

Emotions are an important tool for communicating 
information between individuals (Keltner & Haidt, 2010). 
The ability to understand infant emotions has significant 
adaptive value because infants cannot verbally report their 
emotions. The Differential Emotions Theory (DET; Izard, 
1971, 1977, 1991) proposes that humans have a 
biologically pre-wired set of discreet basic emotions 
(happiness, sadness, fear, anger, surprise, disgust) that 
have unique adaptive functions. In adults, each basic 
emotion is proposed to be associated with a distinct neural 
and physiological response, and a specific configuration of 
facial movements – i.e. facial expression – that is 
universally perceived as expressing that emotion (e.g., 
happiness is associated with smiling). Evidence for the 
universality thesis (Nelson & Russell, 2013) came from 
early reports that members of small-scale societies 
(primarily The Fore people of Papua New Guinea) who 
were pre-literate and had limited exposure to (and hence 
opportunity to learn about) cultural practices and norms 
(e.g., media), were able to match posed configurations of 

facial movements  (e.g., fear) with correct researcher 
provided emotional scenario descriptions (e.g., “He is 
frightened because he is about to be attacked”) (Ekman et 
al., 1969; Ekman & Friesen, 1971a,b).  

Importantly, DET proposes that while emotions are innate, 
their use, regulation, and interpretation (i.e. integration with 
cognition) are shaped by environmental influence. As such, 
human emotions develop from being relatively 
undifferentiated (e.g., positive or negative in valence) during 
infancy, to acquiring discrete categories (happiness, sadness, 
fear, anger, surprise, disgust) by later childhood. This 
developmental progression requires experience of the social 
world and is accompanied by maturation of executive control 
abilities (Cuevas & Bell, 2014; Garon et al., 2008 ; Bennett 
et al., 2002; Camras, 1991; Camras & Fatani, 2008; Leppänen 
& Nelson, 2009; Lewis, 2000; Lewis et al., 1990; Widen & 
Russell, 2003, 2008). Specifically, at 0-2 months, infants 
display only basic reflexive emotions (e.g., distress, 
contentment) that are critical for survival (e.g., signalling 
discomfort, hunger, etc.) (Izard, 1994). From 2-6 months, 
they develop social emotions (e.g., smiling/joy in response to 
social interactions) and increasing differentiation of negative 
emotions (e.g., disgust, anger, sadness, fear) (Mitsven et al., 
2020). By 12-24 months, they begin to display self-conscious 
emotions (e.g., embarrassment, pride, shame), coinciding 
with the development of self-recognition (Bennett et al., 
2005; Camras, 2019; Camras & Fatani, 2008; Izard, 1991).  

Social Learning in Emotion Development 
Because infant emotion is undifferentiated and shaped by the 
environment, caregivers are critical in guiding how infants 
express and regulate emotions. Social Learning Theory 
(Bandura, 1971) posits that infants learn emotional 
expressions by observing caregivers and associating specific 
expressions with social contexts (Campos & Stenberg, 1981). 
Through imitation and reinforcement learning – where 
behaviours are encouraged or discouraged based on 
outcomes (e.g., reward or lack thereof) (Bandura, 1971) – 
infants begin to refine their discrete emotional repertoires 
(Meltzoff & Moore, 1977; Anisfeld, 1991; Jones, 2009; Ray 
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& Heyes, 2011; Geangu et al., 2010; 2016; Isomura & 
Nakano, 2016; de Klerk et al., 2018; Wang & Hamilton, 
2012). 

Cultural and Gender Influences in Families 
The expression of emotions is also influenced by culture-
specific emotion display rules (Ekman, 2003). Individualistic 
cultures, commonly associated with Western nations, value 
individual autonomy, personal goals, and the expression of 
personal opinion. Consequently, assertiveness and high 
emotional expressivity are standard social behaviours 
(Matsumoto et al., 2008a). Collectivist cultures, commonly 
associated with East Asian nations, emphasise group goals, 
duties and obedience. Hence, emotion suppression is valued, 
which helps to maintain social harmony (Leong, 2022; 
Matsumoto et al., 2008b). Empirical evidence from cross-
cultural investigations of emotional expressivity and a recent 
systematic review (Weiss et al., 2022), suggest that 
individuals of Asian ethnicity are more likely to rate the 
display of emotions in various social situations as less 
appropriate (Matsumoto, 1993) and to suppress both positive 
and negative emotions compared to individuals of non-Asian 
ethnicity (e.g. White or Hispanic) (Gross & John, 2003). 
Latin American cultures, such as Brazil, are often categorised 
as collectivist, placing value in family and community 
belonging. Despite these collectivist values, they often 
display heightened emotion expressivity compared to East 
Asian, and Western cultures (Matsumoto et al., 2008a), as a 
way of maintaining interpersonal connections (Halgunseth et 
al., 2006).  

These cultural values and emotional display rules 
inevitably penetrate family life and parent-child 
relationships. For example, Asian parents place more 
emphasis on achievement (Okagaki & Frensch, 1998) and 
respect for elders (Chao, 1994) in early childhood and do not 
value high emotional expressiveness in the family as much as 
European-immigrant mothers (Chen et al., 2014). 
Additionally, Doan and Wang (2010) showed that during a 
story-telling task European American mothers were 
significantly more likely to engage their three-year-old 
children in conversations about the character’s mental states, 
including thoughts and emotions, compared with Chinese 
immigrant mothers, who placed more emphasis on 
character’s behaviour. Relatedly, the parenting practices and 
styles commonly assumed to be optimal for children’s 
development might have divergent effects depending on 
cultural context. For example, a study of East Asian 
immigrant mothers and their pre-school-aged children 
conducted in Canada found a negative relationship between 
maternal sensitivity and a child’s behavioural problems 

(Chan et al., 2010). Maternal warmth, too, was found to be 
expressed differently by US Chinese immigrant mothers and 
by European American mothers (Cheah et al., 2015).  

Just as cultural norms shape emotional display rules, 
gender-specific socialisation further influences emotional 
expression. For example, in an adult sample, McDuff et al. 
(2017) found that in people of Western cultures, smiling, 
characterised by contraction of the zygomatic major muscles 
that pull lip corners toward the ears (AU12), was displayed 
more frequently in females. Conversely, lip corner 
depression, defined as contraction of the depressor anguli oris 
muscles that pull lip corners down (AU15), was displayed for 
a shorter duration in females. Lastly, brow furrowing, defined 
as contraction of the corrugator muscles that pull eyebrows 
down and together (AU4), which is a prototypic expression 
of anger (or increased cognition and confusion, McDuff et al., 
2017), was displayed more frequently in males. Gender 
differences may reflect socialisation pressures for females to 
display more positive emotion and less externalising negative 
emotion (Brody & Hall, 2008; Chaplin, 2015).  

If facial movement configurations are categorised based on 
learned culture- and gender-specific emotion concepts 
(Weiss et al., 2022), this would predict that the gender- and 
culture-specific emotion expression accents displayed by 
adults should emerge at a particular time point in 
development and strengthen across ontogeny. Evidence of 
the development of emotion expression accents in infancy 
and childhood are limited, however, research on emotion 
recognition and face recognition more generally suggests that 
cultural differences begin to emerge in infancy/childhood (Ip 
et al., 2021; Kelly et al., 2011; Liu et al., 2011; see also Yuki 
et al. 2007).  

Manual Coding of Infant Facial Expression 
The Facial Action Coding System (FACS; Ekman & Friesen, 
1971) and the infant version – Baby FACS (Oster, 2007) – 
are the most comprehensive and widely established methods 
of annotating facial actions. FACS specifies actions of 
individual facial muscles (action units; AUs) that either 
individually or when grouped, describe specific emotional 
expressions (e.g., happy, sad). Coding more AUs increases 
specificity. For example, in adults, a voluntary “Pan-Am” 
smile involves only the zygomatic major (mouth; AU12) 
muscles, whereas a sincere and involuntary “Duchenne” 
smile additionally involves the inferior part of the orbicularis 
oculi (eye; AU6) muscles (Del Giudice & Colle, 2007; 
Ekman et al., 1990). 

However, since there are 33 core AUs (related to facial 
muscle movements), manual video coding of video 
recordings is highly cost- and time- intensive in terms of 
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recruiting video coders to train and complete coding. As such, 
while FACS can be highly informative about participants’ 
emotions, it is not as widely adopted as its potential would 
suggest, particularly for large datasets (Bartlett et al., 2006; 
Cohn & Ekman, 2008; Sariyanidi et al., 2015). Without 
FACS, one way that researchers have reduced the labour 
intensity is by providing a subjective rating of participants’ 
holistic facial expressions (e.g., positive/negative/neutral) at 
an agreed rate (e.g., per second). However, this method is 
conflated by coder subjectivity. FACS allows for objectivity 
in that it distinguishes between face actions, and inferences 
about what they mean are extrinsic to the coding system, thus 
increasing reliability (Cohn et al., 2007; Oster et al., 1992)  

Therefore, automated detection of AUs using computer 
vision and machine learning methods can be highly cost- and 
time-efficient (providing almost automatic ratings), allowing 
it to be scaled to larger numbers of participants in a way that 
is not possible with manual coding. Recently, automated 
detection of emotion has been used to provide fine-grained 
understanding of how infants respond to their environment 
(e.g., Hammal et al., 2017; Zaharieva et al., 2024) and social 
world (e.g., caregiver; Messinger et al., 2009). If reliable, this 
has the potential to answer questions about typical and 
atypical emotion dynamics. For example, social 
communication metrics such as emotion variability, 
interpersonal synchrony, and turn-taking dynamics, may 
indicate biological (e.g., infant and/or parent with 
neurodevelopmental condition such as Autism Spectrum 
Disorder, Attention Deficit (hyperactivity) Disorder, etc.) 
and/or environmental (e.g., parent mental health difficulties, 
neglect, socioeconomic status) factors associated with 
developmental risk (Leong & Schilbach, 2019). As such, the 
scalable assessment of child development using automated 
detection of emotion (and other sensory) indices can inform 
social and/or clinical intervention (Leong, 2022). 

The current study will investigate cross-cultural and 
gender-related differences in infant facial expressions using 
a novel, automated infant emotion detection model – the 
Hierarchical Multimodal Attention Neural (HMAN) 
Network – for automated Action Unit (AU) prediction. 
Analyses will investigate how AUs (1) are distributed across 
positive and negative emotion classes, (2) co-occur within 
positive and negative emotion classes, and how (3) their 
temporal dynamics unfold over time.  

Method 

Participants 
59 Brazilian and 48 Singaporean mother-infant dyads were 
recruited for the Wellcome LEAP 1kD project. Data 

collection involving Brazilian dyads took place at University 
of São Paulo, Brazil, and caregivers spoke Brazilian 
Portuguese. Data collection involving Singaporean dyads 
took place at Nanyang Technological University, Singapore, 
and caregivers spoke English. Brazilian infants (29 female; 
30 male) age ranged 7.2-16.2 months (M = 12.1, SD = 2.3); 
Singaporean infants (31 female; 17 male)  age ranged 11.2 to 
25.7 months (M = 16.7, SD = 5.0).  Mothers had no history 
of severe mental health disorders, no infant delivery 
complications requiring medical intervention, and any 
auditory/visual impairment was corrected. Infants had no 
known genetic disorder or auditory/visual impairment.  

Task Protocol 
Mothers and infants completed the A-not-B task (Piaget, 
1957), seated across from each other at a table. On each trial, 
while the infant watched, the mother hid a toy in one of two 
identical tubs, covered both simultaneously, pushed them 
toward the infant, and asked “where is the toy?”. If the infant 
identified the correct toy location (reaching toward, or 
removing the lid, of their intended tub), the mother celebrated 
with them (“yay, you found it!”), and allowed them to play 
with the toy for a moment. Incorrect responses were corrected 
by the mother on the first trial (“no, the toy is not there, it is 
here, look”, followed by showing the infant the correct 
location of the toy), and only verbally acknowledged on 
subsequent trials (“no, the toy is not there”). Trials were 
There were up to 12 trials, with the task ending early if infants 
became upset or unresponsive. A 4K resolution camcorder 
(Sony FDR-AX700 Camcorder) was used to videorecord the 
infants frontal view at 25 frames per second. 

Data Analysis Method 
Manual Coding Infants’ emotions were manually annotated 
by trained video coders as either positive (smiling, cooing, 
etc), negative (anger, sadness, crying, fussing noises, etc.), or 
neutral valence. There was no fixed number or duration of 
events per infant. Events were split: Subset U comprises short 
events (0.5-10 sec), used for IER model training due to their 
consistency; Subset V comprises long events (>10 sec) used 
for cross-cultural analysis due to their rich temporal 
information (see Table 1).  
 
Table 1. Number of total, positive, neutral, and negative 
emotion frames, and Mean event duration (MD. (sec)). 
 

 Total Positive Neutral Negative MD. (sec) 
Subset U 485 144 148 194 3.1±2.5 
Subset V 1049 6y 614 368 31.3±44.7 
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Machine Learning Pipeline First, YOLOv7 (Wang et al., 
2023), which was pretrained using multiple databases (Lucey 
et al., 2010, 2011; Mavadati et al., 2013; McKeown et al., 
2012; Savran et al., 2008; Zhang et al., 2014), was used to 
track and obtain facial still images from videos. To further 
fine-tune YOLOv7 model, 50 video frames for each infant 
from the current sample were manually labelled with 
bounding boxes. Second, OpenFace (Baltrusaitis et al., 2016) 
was applied to align the detected faces within a consistent 
coordinate system, and Non-facial background regions were 
masked out. As a result, 74.3% of the video frames from the 
entire database were successfully extracted, totalling ~1.5 
million cropped and aligned infant facial images. 
Additionally, intensity values for 17 Action Units (AUs) 
were extracted (Ekman & Friesen, 2019). Log-mel 
spectrograms from the audio of each labelled segment were 
also used as input to a pretrained VGG16 network. Finally, 
the cleaned faces are sampled (sliding window size 12), 
together with the audio log-mel, to form a sample for HMAN. 
 
The Hierarchical Multimodal Attention Neural (HMAN) 
Network Model First, a multimodal feature extractor uses 
pretrained ResNet50 and VGG networks to extract visual 
features from the samples of facial images and audio features 
from log-mel spectrograms, which are concatenated into a 
joint representation. Second, a cross-modal attention module 
employs linear layers and softmax activation to compute 
attention scores that weight the importance of each modality, 
fusing them into a unified feature vector. Third, a temporal 
attention module identifies the most informative temporal 
segments across consecutive frames, using similar attention 
mechanisms to weight temporal importance before making 
final emotion predictions. Sequences of 12 consecutive data 
points with a sliding window approach to capture temporal 
dynamics and resolve ambiguities in static observations. To 
make full use of the data, the HMAN was trained with leave-
one-out protocol. It achieved 70.7% on accuracy and 72.6% 
f1-score on Subset U.  
 
Data Preparation and Analysis The trained HMAN model 
was used to re-label human-identified positive/negative 
emotions (Subset V) with finer temporal resolution (for every 
12 frames, or 0.48s). The subsequent cross-cultural analysis 
(below points 1, 2, and 3) focused on seven representative 
AUs, which have been shown to map universally to basic 
emotions (Du et al., 2014). They include (see  Fig. 1), AU04 
(Brow Lowerer), AU06 (Cheek Raiser), AU07 (Lid 
Tightener), AU12 (Lip Corner Puller), AU15 (Lip Corner 
Depressor), AU17 (Chin Raiser), AU26 (Jaw Drop).  
 

 
Figure 1. Muscle movements of the 7 representative AUs 
(visualised using PyFeat, Muhammod et al., 2019). 
 
1. Cross-cultural AU Distribution by Emotion Class 
HMAN predictions were grouped according to country 
(Singaporean or Brazilian), age (< 1 year or 1-3 years), and 
sex (male or female). To analyse how much each AU 
contributed towards the positive and negative emotion 
classes, AU intensity values were converted into a binary 
occurrence format (i.e. > 1 = present, < 1 = absent). Time 
points with no active AUs were excluded. Within each group, 
AU occurrences were summed across frames and normalised 
by frame number. 
 
2.   Cross-cultural AU Concurrency by Emotion Class To 
understand which AUs co-occur within emotions, a 7 × 7 AU 
concurrency matrix was computed. For each frame, all pairs 
of simultaneously present AUs were counted, such that co-
occurring AUs incremented the corresponding matrix cells. 
After aggregating across frames, the resulting matrix was 
normalized row-wise, so that the values represent the 
proportion of times a given AU co-occurred with other AUs.  
 
3. Cross-cultural AU Temporal Dynamics Facial 
expressions were characterised by three stages: onset (the 
point at which intensity begins to increase), apex (the point 
of maximum intensity), offset (the point at which intensity 
begins to decrease). Using frame-level AU intensities from 
OpenFace, AU events were identified as a continuous 
sequence of frames in which the AU was active (i.e. non-
zero). Each event starts at the first non-zero frame and ends 
when the intensity returns to 0. The maximum intensity value 
within this event is defined as the apex. Events with peak 
intensity <1 were excluded. For each AU, the mean onset to 
apex, and mean apex to offset durations were calculated. For 
each participant, AU duration, peak latency, and peak 
intensity, were averaged across episodes for each AU. 

Results  
1. Cross-cultural AU Distribution by Emotion Class 
Results are illustrated in Fig. 2. AU04 (Brow Lowerer): 
higher in females than males during positive emotion; higher 
in Brazilian than Singaporean infants during negative 
emotion. AU06 (Cheek Raiser): higher in negative than 
positive emotions; highest in Singaporean male infants than 
all other groups. AU07 (Lid Tightener) and AU17 (Chin 
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Raiser): were the most common and active AUs in all 
circumstances. AU12 (Lip Corner Puller): higher in males 
than females in both countries groups during positive 
emotion; highest in Singaporean male infants. AU15 (Lip 
Corner Depressor): equally active across corresponding 
groups for both emotions. AU26 (Jaw Drop): highest during 
positive emotions, especially for Singaporean infants.  
 

 
Figure 2. AUs contributions to positive and negative 
emotions according to age, sex (F, M), and country (SG, BR). 
 
2. Cross-cultural AU Concurrency by Emotion Class 
Concurrency matrices are visualised in Fig. 3. Analysis 
shows universality across each emotion category: During 
AU04 display, both Singaporean and Brazilian infants 
concurrently display AU07, AU17, and AU26. During AU12 
display, Singaporean and Brazilian infants concurrently 
display AU06 and AU07. During negative emotions, AU12 
is the least occurred AU. During positive emotions, AU06, 
most frequently co-occurred with AU12 and AU07 for 
Singaporean and Brazilian infants, respectively.  
 
3.   Cross-cultural AU Temporal Dynamics To analyse the 
effect of Country and AU on emotion (i) duration, (ii) peak 
latency, and (iii) peak intensity three separate 2 (Country: 
Singapore/Brazil) x 7 (AU: AU04/AU06/AU07/AU12/ 
AU15/AU17/AU26) mixed ANOVAs were conducted with 
repeated measures on the second factor. See Table 2. 
Mauchly’s test of sphericity was violated for all analyses; 
Greenhouse-Geisser corrections were applied: Duration: 
Main effects of Country, F(1, 97) = 54.10, p <.001, and AU, 
F(2.79, 270.50) = 36.07, p <.001, were subsumed by a 

Country x AU interaction, F(2.79, 270.50) = 9.98, p <.001. 
Post-hoc tests showed longer AU duration in Brazilian than 
Singaporean infants for AU04 (M diff = 1.44), AU06 (M diff 
= 1.60), AU07 (M diff = 1.36), and AU15 (M diff = 0.16) (all 
p <.05). Peak Latency: Main effects of Country, F(1, 97) = 
54.86, p <.001, and AU, F(2.68, 259.55) = 30.52, p <.001, 
were subsumed by a Country x AU interaction, F(2.68, 
259.55) = 8.71, p <.001. Post-hoc tests showed that Brazilian 
infants showed longer peak latencies than Singaporean 
infants for AU04 (M diff = 0.67), AU06 (M diff = 0.88), and 
AU07 (M diff = 0.62), (all p<.01). Peak Intensity: Main 
effects of Country, F(1, 97) = 7.13, p = .009, and AU, 
F(3.427, 332.467) = 386.332, p <.001, were subsumed by a 
Country x AU interaction, F(3.427, 332.467) = 10.97, p 
<.001. Post-hoc tests showed lower AU15 (M diff = 0.44) 
peak intensity in Singaporean than Brazilian infants (p<.001).  
 

 
Figure 3. Left (SG Infants) and middle (BR Infants) panels 
illustrate the concurrency of AUs towards the positive and 
negative emotions. Lighter colours/higher percentages 
indicate higher co-occurrence. Right panels display the 
difference in percentage co-occurrence between groups 
(Brazilian - Singaporean); positive values (red) reflect higher 
co-occurrence in Brazilian infants; negative values (blue) 
reflect higher co-occurrence in Singaporean infants.  
 
Table 2. Temporal dynamics of AUs. Mean duration 
(seconds) of full AU movement, apex, offset, and peak. 
 

 

1036



 

 

Discussion 
The current study investigated cross-cultural and gender 
differences in infant facial expression, using a novel infant 
emotion-detection model – Hierarchical Multimodal 
Attention Neural (HMAN) Network – for automated AU 
prediction. 
 
Cross-Cultural Differences Brazilian infants were more 
likely than Singaporean infants to lower brows (AU04) 
during negative emotion. This aligns with theories on cultural 
differences in emotion expressivity: compared to Western 
contexts, East Asian collectivist cultures value emotion 
suppression to maintain social harmony (Leong, 2022; 
Matsumoto et al., 2008a, b; Matsumoto, 1993; Weiss et al., 
2022). Although Latin American cultures are also 
collectivist, they emphasise emotional expressivity more than 
East Asian contexts (Chaplin, 2015; Halgunseth et al., 2006; 
Matsumoto et al., 2008a). Therefore, the current findings may 
reflect early-emerging cultural variation. 

Compared to Singaporean infants, Brazilian infants took 
longer to fully develop a facial expression. This might appear 
to contrast the findings from older children and adults (Ip et 
al., 2021; Kelly et al., 2011; Liu et al., 2011), which predict 
that Singaporean infants would take longer to fully develop a 
facial expression, reflecting greater inhibition. Alternatively, 
the results may reflect cross-cultural differences in the 
expression of low arousal emotion (e.g., mild discomfort). If 
milder emotion is easier to inhibit, this may produce faster 
observable expression despite comparable underlying 
emotion experience. Further research should test this using 
physiological measures of arousal to distinguish between the 
duration of experienced (i.e. physiological arousal) and 
expressed emotion (facial AUs). 
 
Gender Differences Male infants across countries were 
more likely than female infants to pull lip corners (AU12), 
and less likely to lower brows (AU04) when expressing 
positive emotion. This contradicts findings from adult 
samples, which suggest that females display more positive 
emotion (e.g., McDuff et al., 2017). The current results may 
reflect innate gender differences specific to infant 
temperament (e.g., Gagne et al., 2013). Alternatively, the 
observed gender differences may reflect gender-specific 
caregiving practices, with more verbal engagement typically 
observed with daughters (e.g., dyadic conversation and 
singing) despite no gender difference in infant vocalization, 
and more physical play with sons (e.g., bouncing, lifting) 
(Clearfield & Nelson, 2006; Fausto-Sterling et al., 2015; 
Johnson et al., 2014; Mascaro et al., 2017), These 
socialisation practices may reinforce gender-specific 

emotion tendencies. However, since the current study does 
not directly measure caregiver behaviour, it cannot determine 
the extent to which the observed differences reflect biological 
or socialisation explanations. Thus, while adult-typical 
emotion expression gender differences are not clearly evident 
in the present data, further longitudinal work may investigate 
how such patterns emerge over development.  
 
Limitations and Real-World Applications Several 
limitations should be considered. First, the older age of 
Singaporean than Brazilian infants limits the ability to 
disentangle cultural from developmental effects. 
Additionally, the use of a structured A-not-B task may mean 
that the findings are context-specific and not generalizable to 
more naturalistic settings. Finally, the ML model generates 
fine-grained AU predictions, despite coarse valence-based 
training labels (positive/negative/neutral). Therefore, future 
work is needed to further validate these findings.  

If gender and cross-cultural differences exist in infants’ 
emotion expression, this may influence how people interpret 
and respond to their emotion. For example, Singaporean 
infants less brow lowering, may be perceived as more neutral 
by observers, despite potentially similar arousal as Brazilian 
infants. Similarly, male infants’ greater lip corner activation 
may make their emotion more detectable than females’. 
Caregivers’ differing responses according to infant gender 
are often attributed to caregivers’ gender stereotypes, but may 
also partly reflect variation in infants’ observable emotion 
signalling. Approaches like HMAN may help to quantify 
whether the magnitude of differences in facial expression 
correlates with the magnitude of difference in judgement of, 
or response to, emotion (McDuff et al., 2017). 

ML for automated AU detection can be highly cost- and 
time-efficient, enabling scalability beyond what is possible 
with manual coding. Application of ML-based infant emotion 
recognition offers clinical potential. The findings suggest that 
identifying which facial regions are most diagnostic of 
neurodevelopmental (e.g., Attention Deficit (hyperactivity) 
Disorder, Autism Spectrum Disorder), or environmental 
differences (e.g., parent mental health) within specific 
cultural and gender contexts, may improve diagnostic 
approaches.  
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